Written Comments Submitted on Draft Report:
Pesticide Use by Large Agribusinesses on Kauai
The Joint Fact Finding (JFF) Study Group released a Draft Report on
March 10, 2016 via the Accord 3.0.com website. The Study Group
sought public comments on the Draft Report, with an emphasis on
proposed factual corrections and/or additions to the Draft Report. The
comment period extended through April 8, 2016. In addition, the Study
Group held a public meeting on the Draft Report on April 4, 2016 at the
Kaua’i Veterans Center Auditorium. Attendees were invited to write
questions on cards and submit them to the moderator. Those who
submitted questions were not asked to record their names.
The Study Group reviewed and considered these comments during the
process of revising the Draft Report into the Final Report, issued on May
25, 2016. All written comments received by email and at the April 4
public meeting are included in this document. They are ordered as
follows:
• Comments Received from Government Entities
• Comments Received from Businesses and Organizations
• Comments Received from Individuals by email
• Comments and questions received at the April 4, 2016 public
meeting.
The list of written comments received by email is below.
Comments Received from Government Entities
Hawaii Department of Agriculture
Hawaii Department of Health
Kauai Dept. of Water
Office of Hawaiian Affairs
Kauai Co. Councilwoman Joanne Yukimura
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Comments Received from Businesses and Organizations
Center for Food Safety
Center for Food Safety, (representing other groups)
Crop Life America
Dow Agrosciences
Dupont Pioneer
Hawaii Cattlement's Council
Hawaii Crop Improvement Association

Hawaii Farm Bureau
Kauai County Farm Bureau
Kauai Taro Growers Association
League of Women Voters
Monsanto Corporation
Pesticide Action Network
Pesticide Action Network
Syngenta
Western Plant Health Assn.

Comments Received from Individuals
Last Name
Ade
Ashley-Hollinger
Beall
Berg
Blevins
Boesch
Brewbaker
Brier
Brower
Burrell
Carolan
Chelius
Chun
Clark
Clark
Coon
Coon-Waymen
Last Name

First Name
?
Mika
Elif
Carl
Joe
Robert
James
Laurel
Robert
Pamela
Joanna
Graham
Malia
Milton
Milton
Michael
Michael & Jenica
First Name
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Cowden
Davis
Di Pietro
Dunn
Eng
Formisano
Frost
Harter
Hashimoto
Heacock
Heller
Hoeppner
Inouye
Jeffers
Kamen
Kreisler
Kuntz
Lane
McLeod
Messing
Michele
Miller
Morningstar
Oyama
Pang
Parenchini
Quarton
Rachel
Roach
Rogers De Anda
Rose
Roversi-Deal
Seiler
Silverston
Snowden
Sproat
Stayton
Steingraber
Stover
Last Name

Felicia
Will
Jeri
Mahana
Phoebe
Jerry
Rollin
John
Wayne
Don
Joan
Judie
Merle
Mark
Tiana
Raj
H.
Makato
Darlyne
Russell
Laura
F. De Wolfe
Myrica
Ryan
Lorrin
Allen
Laurie
?
David
Anne
Michelle
Sky
Mark
Scott
Matt
David & Linda
Susan
Sandra
Michael
First Name
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Streit
Streit
Taylor
Trennoche
Valenzuela
Weiss
Whalen
Wilson

Robert
Robert
Gabriela
Trak
Hector
Valerie
Stephanie
Lynn B
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April 8, 2016

MEMORANDUM
TO:

Dr. Peter S. Adler and the Joint Fact Finding Study Group (“JFF”) via email
jffcomments@gmail.com.

FROM: Deputy Attorney General Delanie D. Prescott-Tate on behalf of the
State of Hawai‘i Department of Agriculture
RE:

Notice of Factual Inaccuracies contained in the Draft Findings and
Recommendations Regarding Pesticide Use by Large Agribusinesses on Kaua‘i

______________________________________________________________________________
______________________________________________________________________________
The State of Hawai‘i Department of Agriculture (“HDOA”) would like to call your attention to
the following factual inaccuracies:
PAGE #

SECTION



CORRECTION

6
Bauske”.

Acknowledgements







“Christine Bauske” should be “Christina
Stephanie Whelan” should be “Stephanie Whalen”.
Please consider acknowledging the contributions of
HDOA Pesticides Branch case preparation officer
Victoria Matsumura.

8

Executive Summary

24

III. A.

24
are 3

III. A.



It should be clarified that the “one recent study
reported in The Garden Island” is the result of a
high school science project whose methodology has
yet to be verified.

It should be clarified that 7 of the 14 Experimental Use
Permits (“EUP”) issued during 2010-2014 were for Kaua‘i.
The way this sentence is worded makes it seem like 21
EUPs were issued during 2010-2014.

Last sentence of last paragraph is inaccurate. There
requirements that must be met before the HAR § 4-66-47
exception may be applied: 1) use must not exceed 0.25
acre, including untreated borders and buffers; 2) tests must
be conducted by a recognized researcher; and 3) the user
must not receive a benefit in pest control. It is incorrect to
assert that “the experimental pesticides used are not known”.

Dr. Peter S. Adler, et al.
April 8, 2016
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SECTION



CORRECTION





PAGE #

SECTION

24

III. B. i.

40

IV. B. iii. 4.

71
“administer”

VI. A.



CORRECTION





The weight calculations mentioned at the end of the first
paragraph is inaccurate. Pesticides do not weigh the same
as water. The weight of an active or inert ingredient
contained in a particular pesticide product is listed on the
Material Safety Data Sheet/Safety Data Sheet.
Unit of measurement should be 90ng/m3 not 90ng.


The Pesticide Registration Section does not
the Kaua‘i Good Neighbor Program. The Pesticide
Registration Section collects the voluntarily provided usage
data and posts the information on-line.

71.

VI. A.

71-72
are

VI. C.

The assertion that 16 school evacuations occurred between
March 2013 and March 2015 is incorrect. Data provided to
the JFF by HDOA on April 5, 2015 correctly noted that the
16 statewide school evacuations occurred between March
2006 and December 2014.
The functions assigned to the HDOA Pesticides Branch
set forth in HRS Chapter 149A. HAR Chapter 4-66
implements the requirements of HRS Chapter 149A.
See HRS § 149A-19 and HAR § 4-66-1.

72

VI. C. i.

The assertion that the registration section “annually reviews
one-third of all product labels each year” is incorrect. The
Pesticide Registration Section renews one-third of all
product labels each year. Label reviews are required for all
new products prior to issuance of the license. Revised
labels are submitted to the Pesticide Registration Section at
a rate of 15 to 30 per week. Many pesticide products have
1 to 4 label updates each year. A smaller portion have label
updates every other year.


72

VI. C. ii.

In the first sentence under this section, it should be noted
that in addition to “pesticide users”, the Enforcement
Section also inspects pesticide producers and distributors.
The term “pesticide division” in the second sentence of the
last paragraph should be changed to “pesticide branch” as
there is no pesticide division.

Dr. Peter S. Adler, et al.
April 8, 2016
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72

VI. C. ii.

In the second paragraph, inspection protocols are
determined by the type of inspection being conducted
(i.e. agricultural, urban, marketplace), not by the applicator
type.

73

VI. C. iv.

The assertion that 16 school evacuations occurred between
March 2013 and March 2015 is incorrect. Data provided to
the JFF by HDOA on April 5, 2015 correctly noted that the

73

VI. C. iv.

The assertion that 16 school evacuations occurred between
March 2013 and March 2015 is incorrect. Data provided to
the JFF by HDOA on April 5, 2015 correctly noted that the
16 statewide school evacuations occurred between March
2006 and December 2014.

74.

VI. C. vii.

The last sentence implies that HDOA only ensures
compliance with the Worker Protection Standard (“WPS”)
contained on the pesticide label. This is incorrect. HDOA
is charged with ensuring compliance by employers with the
requirements of all WPS, not just those listed on the label.

74

VI. C. viii.
(1st viii)

74

VI. C. viii.
(2nd viii)

74
§

VI. C. viii.

Translation of WPS materials are available for nonEnglish speaking individuals, not all materials.

The Pesticide Branch has 25 permanent positions.
15 of these positions are filled.
11 of the 25 positions are responsible for Enforcement.
5 of the Enforcement positions are filled.
The Pesticide Use Revolving Fund established by HRS
149A-13.5, consists of fees collected by HDOA and
legislative appropriations. The entirety of these funds do
not go to the State’s General Fund. Only those funds in
excess of $250,000 that remain in the pesticide use
revolving fund at the end of the fiscal year, which are
“unobligated, unencumbered, or unexpended” lapse to the
state general fund. See HRS § 149A-13.5(e).

81
84
85

VIII. B.
VIII. D .
VIII. D. iii.

It is inaccurate to state that EPA has proposed a complete
agricultural ban of chlorpyrifos. In November 2015, the
EPA proposed revocation of tolerances due to the
uncertainty surrounding aggregate exposure. The proposed
action is not a complete ban. Should the proposed

Dr. Peter S. Adler, et al.
April 8, 2016
PAGE #

SECTION



CORRECTION





tolerance revocation move forward, products with nonfood
uses would still be available. Uses not affected by
tolerance revocation include Christmas tree plantations, turf
and ornamental plant industries, indoor home roach control
products, etc.
81

 III. A
V
VIII. B

 nlist Duo has never been licensed by HDOA for sale or
E
distribution in the State of Hawai‘i.

Thank you for the opportunity to clarify some of the inaccuracies contained in the Draft JFF
report as they relate to HDOA.

Thank you for the opportunity to clarify some of the inaccuracies contained in the Draft JFF
report as they relate to HDOA.
Should you have any questions or concerns please contact HDOA Pesticide Program Manager
Thomas Matsuda at (808) 973-9401 or via email at thomas.k.matsuda@hawaii.gov.
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750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Laboratory Report

for
Kauai County Water Department
Post Office Box 1706
Lihue, HI 96766
Attention: Carl Arume
Fax: 808-245-5813

Date of Issue
03/24/2016

EUROFINS EATON
ANALYTICAL

DST: David S Tripp

Report: 579888
Project: PHASEII-PHASEV
Group: Triennial Phase II-V

Project Manager
* Accredited in accordance with TNI 2009 and ISO/IEC 17025:2005.
* Laboratory certifies that the test results meet all TNI 2009 and ISO/IEC 17025:2005 requirements unless noted under the individual analysis.
* Following the cover page are State Certification List, ISO 17025 Accredited Method List, Acknowledgement of Samples Received, Comments, Hits Report,
Data Report, QC Summary, QC Report and Regulatory Forms, as applicable.
* Test results relate only to the sample(s) tested.
* This report shall not be reproduced except in full, without the written approval of the laboratory.
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STATE CERTIFICATION LIST
State

Certification Number

State

Certification Number

Alabama

41060

Mississippi

Certified

----------

--------

Montana

Cert 0035

Arizona

AZ0778

Nebraska

Certified

Arkansas

Certified

Nevada

CA00006-2016

California-MonroviaELAP

2813

New Hampshire *

2959

California-Colton- ELAP

2812

New Jersey *

CA 008

California-Folsom- ELAP

2820

New Mexico

Certified

California-Fresno- ELAP

2966

New York *

11320

Colorado

Certified

North Carolina

06701

Connecticut

PH-0107

North Dakota

R-009

Delaware

CA 006

Oregon (Primary AB) *

ORELAP 4034

Florida *

E871024

Pennsylvania *

68-565

Georgia

947

Rhode Island

LAO00326

Guam

15-003r

South Carolina

87016

Hawaii

Certified

South Dakota

Certified

Idaho

Certified

Tennessee

TN02839

Illinois *

200033

Texas *

T104704230-14-7

Indiana

C-CA-01

Utah *

CA000062015-8

Kansas *

E-10268

Vermont

VT0114

Kentucky

90107

Virginia *

460260

Louisiana *

LA16003

Washington

C838

Maine

CA0006

West Virginia

9943 C

Maryland

224

----------

----------

Commonwealth of
Northern Marianas Is.

MP0004

Wyoming

8TMS-L

Massachusetts

M-CA006

EPA Region 5

Certified

Michigan

9906

Los Angeles County
Sanitation Districts

10264

* NELAP/TNI Recognized Accreditation Bodies
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ISO 17025 Accredited Method List
The tests listed below are accredited and meet the requirements of ISO 17025 as verified by the ANSI ASQ National Accreditation Board/ANAB.
Refer to Certificate and scope of accreditation (AT 1807) found at: http://www.eatonanalytical.com

SPECIFIC TESTS

1,4-Dioxane
2,3,7,8-TCDD
Acrylamide
Alkalinity
Ammonia
Ammonia
Anions and DBPs by IC
Anions and DBPs by IC

METHOD OR
TECHNIQUE USED
EPA 522
Modified EPA 1613B
In House Method (2440)
SM 2320B
EPA 350.1
SM 4500-NH3 H
EPA 300.0
EPA 300.1
EPA 100.2

Asbestos
Bicarbonate Alkalinity as
HCO3
BOD / CBOD
Bromate
Carbamates
Carbonate as CO3
Carbonyls

SM 5210B
In House Method (2447)
EPA 531.2
SM 2330B
EPA 556

COD

EPA 410.4 / SM 5220D

SM 2320B

Chloramines

Environmental
(Drinking
Water)
x
x
x
x

x
x
x
x
x
x
x
x

Environmental
(Waste
Water)

x
x
x
x

Water as a
Component of
Food and
Bev/Bev/
Bottled Water

x
x
x
x
x
x
x
x

x

SPECIFIC TESTS

Hexavalent Chromium
Hexavalent Chromium
Hormones
Hydroxide as OH Calc.

Kjeldahl Nitrogen
Legionella
Mercury
Metals
Microcystin LR

x

x

NDMA

x

x
x
x
x
x

x

Nitrate/Nitrite Nitrogen
OCL, Pesticides/PCB
Ortho Phosphate
Ortho Phosphate
Ortho Phosphorous
Oxyhalides Disinfection
Byproducts
Perchlorate

x
x

METHOD OR
TECHNIQUE USED
EPA 218.7

Environmental
(Drinking
Water)
x

SM 3500-Cr B

Environmental
(Waste
Water)

Water as a
Component of
Food and
Bev/Bev/
Bottled Water

x
x

EPA 539
SM 2330B
EPA 351.2
CDC Legionella
EPA 245.1
EPA 200.7 / 200.8
ELISA (2360)

x
x
x
x

EPA 521

x

EPA 353.2
EPA 505
EPA 365.1
SM 4500P E
SM 4500P E

x
x
x

x
x

x
x
x
x
x

x
x
x
x
x

x
x

x
x
x
x

x

EPA 317.0

x

x

EPA 331.0

x

x

SM 4500-CL G

x

Chlorinated Acids

EPA 515.4

x

x

Perchlorate (low and high)

EPA 314.0

x

x

Chlorinated Acids
Chlorine Dioxide

EPA 555
SM 4500-CLO2 D

x
x

x
x

Perfluorinated Alkyl Acids
pH

EPA 537
EPA 150.1

x
x

x

Chlorine -Total/Free/
Combined Residual

SM 4500-Cl G

x

x

pH

Conductivity

EPA 120.1

Conductivity

SM 2510B

x

Corrosivity (Langelier Index)

SM 2330B

x

EPA 1622, 1623
SM 4500-CN G
SM 4500CN F
EPA 335.4

x
x
x
x

In House Method (2470)

x

x

Phenylurea Pesticides/
Herbicides

x

SM 4500-H+B

x

In House Method, based on EPA
532 (2448)

x

x

x
x

x

Pseudomonas

IDEXX Pseudalert (2461)

x

x

x

Radium-226

GA Institute of Tech

x

x

x
x
x

Radium-228
Radon-222
Residue, Filterable
Residue, Non-filterable

GA Institute of Tech
SM 7500RN
SM 2540C
SM 2540D

x
x
x

x
x
x

x

x

Residue, Total

EPA 549.2
SM 6251B
SM 4500-O G
SM 5310C

x
x
x

x
x
x
x

Residue, Volatile
Semi-VOC
Semi-VOC
Silica

E. Coli

(MTF/EC+MUG)

x

x

Silica

E. Coli

CFR 141.21(f)(6)(i)

x

x

Sulfide

SM 4500-S= D

E. Coli

SM 9223

Sulfite

SM 4500-SO3B

Cryptosporidium

Cyanide, Amenable
Cyanide, Free
Cyanide, Total
Cyanogen Chloride
(screen)
Diquat and Paraquat
DBP/HAA
Dissolved Oxygen
DOC

x

x
x
x

x

x

E. Coli (Enumeration)

SM 9221B.1/ SM 9221F

x

x

Surfactants

E. Coli (Enumeration)
EDB/DCBP

SM 9223B
EPA 504.1

x
x

x

EPA 551.1

x

x

In House Method (2454)
EPA 548.1

x
x

x
x

Taste and Odor Analytes
Total Coliform (P/A)
Total Coliform
(Enumeration)
Total Coliform / E. coli
Total Coliform
Total Coliform with
Chlorine Present
Total Coliform / E.coli (P/A
and Enumeration)
TOC

EDB/DBCP and DBP
EDTA and NTA
Endothall
Endothall

In-house Method (2445)

x

SM 9230B

x

Fecal Coliform

Enterococci

SM 9221 E (MTF/EC)

x

Fecal Coliform

SM 9221C, E (MTF/EC)

Fecal Coliform
(Enumeration)
Fecal Coliform with
Chlorine Present
Fecal Streptococci
Fluoride
Giardia
Glyphosate
Gross Alpha/Beta

SM 9221E (MTF/EC)

x

x

x
x

x

x

x

x

SM 5540C

x

x

SM 6040E
SM 9221 A, B

x
x

SM 4500-SiO2 C

x

x

Colisure (2346)
SM 9221B

x

x
x

SM 9221B

x

SM 9223

x

SM 5310C

x

x
x

EPA 420.1

x

x

Total Phenols

x
x

Total Phosphorous
Turbidity
Turbidity
Uranium by ICP/MS
UV 254

SM 7110 C

x

x

x

VOC

SM 2340B
In House Method (2439)
SM 9215 B
EPA 218.6

x
x
x
x

x

x
x
x
x

VOC
VOC
VOC
Yeast and Mold

x

x

SM 9221 A, B, C

Total Phenols

x

x

x
x

x

x
x
x
x

x
x

x

x

x
x
x
x
x

x

x
x

SM 5320B

x

SM 9221E

EPA 160.4
EPA 525.2
EPA 625
SM 4500-Si D

x

TOX

x

SM 9230B
SM 4500-F C
EPA 1623
EPA 547
EPA 900.0

Gross Alpha Coprecipitation

Hardness
Heterotrophic Bacteria
Heterotrophic Bacteria
Hexavalent Chromium

x

SM 2540B

x
x

EPA 420.4

x

SM 4500 P E
EPA 180.1
SM 2130B
EPA 200.8
SM 5910B

x
x
x
x

EPA 524.2/EPA 524.3

x

EPA 624
EPA SW 846 8260
In House Method (2411)
SM 9610

x

x

x
x
x

x
x
x

x
x
x
x

x

x
x
x
x
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Acknowledgement of Samples Received
Addr: Kauai County Water Department
Post Office Box 1706
Lihue, HI 96766

Client ID:
Folder #:
Project:
Sample Group:

Attn: Carl Arume
Phone: 808-245-5446

KAUAI
579888
PHASEII-PHASEV
Triennial Phase II-V

Project Manager: David S Tripp
Phone: (626) 386-1158

The following samples were received from you on March 11, 2016 at 12:56. They have been scheduled for the tests
listed below each sample. If this information is incorrect, please contact your service representative. Thank you for
using Eurofins Eaton Analytical.
Sample #

Sample ID

201603110268

HI0000400-017-TP080
Facility ID:
Sample Point ID:
PWSID:
Static ID:

Sample Date
03/09/2016 1355

TP080
017
HI0000400
Grove Farm SWTP

@525PLUS C

201603110269

03/09/2016 1315

HI0000400-506-TP413
Facility ID:
Sample Point ID:
PWSID:
Static ID:

TP413
506
HI0000400
Kilohana A&B Chlor

@525PLUS C

201603110270

03/09/2016 0915

HI0000406-005-TP004
Facility ID:
Sample Point ID:
PWSID:
Static ID:

TP004
005
HI0000406
Kapilimao Well

@525PLUS C

201603110271

03/09/2016 0940

HI0000406-010-TP006
Facility ID:
Sample Point ID:
PWSID:
Static ID:

TP006
010
HI0000406
Waimea Well B

@525PLUS C

Test Description
@525PLUS C -- Semivolatiles by GCMS

Reported: 03/24/2016

Page 1 of 1
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Laboratory
Report: 579888

750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Sample Received
11-Mar-2016 12:56
201603110268

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766
SAFE DRINKING WATER BRANCH
PHASE II AND PHASE V CONTAMINANTS
SUMMARY FORM

PWS ID No. HI0000400

Water System Name:
Sample Location: HI0000400-017-TP080
Sample Date: 03/09/2016

Lab Report No. 201603110268

Laboratory Name: Eurofins Eaton Analytical
Contaminant

EPA Method

Detection Limit

Concentration

Benzo(a)pyrene (ug/L)

EPA 525.2

0.02

ND

Di-(2-Ethylhexyl)adipate (ug/L)

EPA 525.2

0.6

ND

Di(2-Ethylhexyl)phthalate (ug/L)

EPA 525.2

0.6

ND

Pentachlorophenol (ug/L)

EPA 525.2

1

ND

Group A, B, C -- Note: Surface water systems must take annual samples for cyanide

Report date: 23-Mar-2016 15:49.38 Eurofins Eaton Analytical
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Laboratory
Report: 579888

750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Sample Received
11-Mar-2016 12:56
201603110269

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766
SAFE DRINKING WATER BRANCH
PHASE II AND PHASE V CONTAMINANTS
SUMMARY FORM

PWS ID No. HI0000400

Water System Name:
Sample Location: HI0000400-506-TP413
Sample Date: 03/09/2016

Lab Report No. 201603110269

Laboratory Name: Eurofins Eaton Analytical
Contaminant

EPA Method

Detection Limit

Concentration

Benzo(a)pyrene (ug/L)

EPA 525.2

0.02

ND

Di-(2-Ethylhexyl)adipate (ug/L)

EPA 525.2

0.6

ND

Di(2-Ethylhexyl)phthalate (ug/L)

EPA 525.2

0.6

ND

Pentachlorophenol (ug/L)

EPA 525.2

1

ND

Group A, B, C -- Note: Surface water systems must take annual samples for cyanide

Report date: 23-Mar-2016 15:49.38 Eurofins Eaton Analytical
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Laboratory
Report: 579888

750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Sample Received
11-Mar-2016 12:56
201603110270

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766
SAFE DRINKING WATER BRANCH
PHASE II AND PHASE V CONTAMINANTS
SUMMARY FORM

PWS ID No. HI0000406

Water System Name:
Sample Location: HI0000406-005-TP004
Sample Date: 03/09/2016

Lab Report No. 201603110270

Laboratory Name: Eurofins Eaton Analytical
Contaminant

EPA Method

Detection Limit

Concentration

Benzo(a)pyrene (ug/L)

EPA 525.2

0.02

ND

Di-(2-Ethylhexyl)adipate (ug/L)

EPA 525.2

0.6

ND

Di(2-Ethylhexyl)phthalate (ug/L)

EPA 525.2

0.6

ND

Pentachlorophenol (ug/L)

EPA 525.2

1

ND

Group A, B, C -- Note: Surface water systems must take annual samples for cyanide

Report date: 23-Mar-2016 15:49.38 Eurofins Eaton Analytical
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Laboratory
Report: 579888

750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Sample Received
11-Mar-2016 12:56
201603110271

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766
SAFE DRINKING WATER BRANCH
PHASE II AND PHASE V CONTAMINANTS
SUMMARY FORM

PWS ID No. HI0000406

Water System Name:
Sample Location: HI0000406-010-TP006
Sample Date: 03/09/2016

Lab Report No. 201603110271

Laboratory Name: Eurofins Eaton Analytical
Contaminant

EPA Method

Detection Limit

Concentration

Benzo(a)pyrene (ug/L)

EPA 525.2

0.02

ND

Di-(2-Ethylhexyl)adipate (ug/L)

EPA 525.2

0.6

ND

Di(2-Ethylhexyl)phthalate (ug/L)

EPA 525.2

0.6

ND

Pentachlorophenol (ug/L)

EPA 525.2

1

ND

Group A, B, C -- Note: Surface water systems must take annual samples for cyanide

Report date: 23-Mar-2016 15:49.38 Eurofins Eaton Analytical
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Laboratory Hits
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Analyzed

Analyte

Sample ID

SUMMARY OF POSITIVE DATA ONLY

Samples Received on:
03/11/2016 12:56

Result

HI Limit

Units

MRL

Hits Report - Page 1 of 1
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Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

QC Ref #

Method

Samples Received on:
03/11/2016 12:56

Analyte

Result

HI0000400-017-TP080 (201603110268)

Units

MRL

Dilution

Sampled on 03/09/2016 1355

Facility ID: TP080
Sample Point ID: 017
PWSID: HI0000400
Static ID: Grove Farm SWTP

EPA 525.2 - Semivolatiles by GCMS
3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

2,4-DDD

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

2,4-DDE

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

2,4-DDT

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

2,4-Dinitrotoluene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

2,6-Dinitrotoluene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

4,4-DDD

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

4,4-DDE

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

4,4-DDT

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Acenaphthene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Acenaphthylene

ND (L4,R7)

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Acetochlor

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Alachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Aldrin

ND (L4)

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Alpha-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

alpha-Chlordane

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Anthracene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Atrazine

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Benz(a)Anthracene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Benzo(a)pyrene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Benzo(b)Fluoranthene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Benzo(g,h,i)Perylene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Benzo(k)Fluoranthene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Beta-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Bromacil

ND

ug/L

0.2

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Butachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Butylbenzylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Caffeine by method 525mod

ND (LE)

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Chlorobenzilate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Chloroneb

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Chlorothalonil(Draconil,Bravo)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Chlorpyrifos (Dursban)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Chrysene

ND

ug/L

0.02

1

Rounding on totals after summation.
(c) - indicates calculated results
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Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

3/16/2016

03/21/2016

3/16/2016

03/21/2016

3/16/2016
3/16/2016

QC Ref #

Samples Received on:
03/11/2016 12:56

Method

Analyte

Result

Units

MRL

Dilution

18:55 899217

(EPA 525.2)

Delta-BHC

ND

ug/L

0.1

1

18:55 899217

(EPA 525.2)

Di-(2-Ethylhexyl)adipate

ND

ug/L

0.6

1

03/21/2016

18:55 899217

(EPA 525.2)

Di(2-Ethylhexyl)phthalate

ND

ug/L

0.6

1

03/21/2016

18:55 899217

(EPA 525.2)

Diazinon (Qualitative)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Dibenz(a,h)Anthracene

ND (LK)

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Dichlorvos (DDVP)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Dieldrin

ND

ug/L

0.2

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Diethylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Dimethoate

ND (LK)

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Dimethylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Di-n-Butylphthalate

ND

ug/L

1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Di-N-octylphthalate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Endosulfan I (Alpha)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Endosulfan II (Beta)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Endosulfan Sulfate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Endrin

ND

ug/L

0.2

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Endrin Aldehyde

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

EPTC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Fluoranthene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Fluorene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

gamma-Chlordane

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Heptachlor

ND

ug/L

0.03

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Heptachlor Epoxide (isomer B)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Hexachlorobenzene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Hexachlorocyclopentadiene

ND (LE)

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Indeno(1,2,3,c,d)Pyrene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Isophorone

ND

ug/L

0.5

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Lindane

ND

ug/L

0.04

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Malathion

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Methoxychlor

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Metolachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Metribuzin

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Molinate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Naphthalene

ND

ug/L

0.3

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Parathion

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Pendimethalin

ND

ug/L

0.1

1

Rounding on totals after summation.
(c) - indicates calculated results
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Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

3/16/2016

03/21/2016

3/16/2016

03/21/2016

3/16/2016
3/16/2016

QC Ref #

Samples Received on:
03/11/2016 12:56

Method

Analyte

Result

Units

MRL

Dilution

18:55 899217

(EPA 525.2)

Pentachlorophenol

ND (LE,LK)

ug/L

1

1

18:55 899217

(EPA 525.2)

Permethrin (mixed isomers)

ND

ug/L

0.1

1

03/21/2016

18:55 899217

(EPA 525.2)

Phenanthrene

ND

ug/L

0.04

1

03/21/2016

18:55 899217

(EPA 525.2)

Propachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Pyrene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Simazine

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Terbacil

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Terbuthylazine

ND

ug/L

0.1

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Thiobencarb (ELAP)

ND

ug/L

0.2

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

trans-Nonachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Trifluralin

ND

ug/L

0.1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

1,3-Dimethyl-2-nitrobenzene

99

%

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Acenaphthene-d10

103

%

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Chrysene-d12

119

%

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Perylene-d12

89

%

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Phenanthrene-d10

107

%

1

3/16/2016

03/21/2016

18:55 899217

(EPA 525.2)

Triphenylphosphate

112

%

1

HI0000400-506-TP413 (201603110269)

1

Sampled on 03/09/2016 1315

Facility ID: TP413
Sample Point ID: 506
PWSID: HI0000400
Static ID: Kilohana A&B Chlor

EPA 525.2 - Semivolatiles by GCMS
3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

2,4-DDD

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

2,4-DDE

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

2,4-DDT

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

2,4-Dinitrotoluene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

2,6-Dinitrotoluene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

4,4-DDD

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

4,4-DDE

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

4,4-DDT

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Acenaphthene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Acenaphthylene

ND (L4,R7)

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Acetochlor

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Alachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Aldrin

ND (L4)

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Alpha-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

alpha-Chlordane

ND

ug/L

0.05

1

Rounding on totals after summation.
(c) - indicates calculated results
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Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

3/16/2016

03/21/2016

3/16/2016

03/21/2016

3/16/2016
3/16/2016

QC Ref #

Samples Received on:
03/11/2016 12:56

Method

Analyte

Result

Units

MRL

Dilution

19:18 899217

(EPA 525.2)

Anthracene

ND

ug/L

0.02

1

19:18 899217

(EPA 525.2)

Atrazine

ND

ug/L

0.05

1

03/21/2016

19:18 899217

(EPA 525.2)

Benz(a)Anthracene

ND

ug/L

0.05

1

03/21/2016

19:18 899217

(EPA 525.2)

Benzo(a)pyrene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Benzo(b)Fluoranthene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Benzo(g,h,i)Perylene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Benzo(k)Fluoranthene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Beta-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Bromacil

ND

ug/L

0.2

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Butachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Butylbenzylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Caffeine by method 525mod

ND (LE)

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Chlorobenzilate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Chloroneb

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Chlorothalonil(Draconil,Bravo)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Chlorpyrifos (Dursban)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Chrysene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Delta-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Di-(2-Ethylhexyl)adipate

ND

ug/L

0.6

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Di(2-Ethylhexyl)phthalate

ND

ug/L

0.6

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Diazinon (Qualitative)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Dibenz(a,h)Anthracene

ND (LK)

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Dichlorvos (DDVP)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Dieldrin

ND

ug/L

0.2

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Diethylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Dimethoate

ND (LK)

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Dimethylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Di-n-Butylphthalate

ND

ug/L

1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Di-N-octylphthalate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Endosulfan I (Alpha)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Endosulfan II (Beta)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Endosulfan Sulfate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Endrin

ND

ug/L

0.2

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Endrin Aldehyde

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

EPTC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Fluoranthene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Fluorene

ND

ug/L

0.05

1

Rounding on totals after summation.
(c) - indicates calculated results

Data Report - Page 4 of 10

Page 16 of 36 pages

Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

3/16/2016

03/21/2016

3/16/2016
3/16/2016

QC Ref #

Samples Received on:
03/11/2016 12:56

Method

Analyte

Result

Units

MRL

Dilution

19:18 899217

(EPA 525.2)

gamma-Chlordane

ND

ug/L

0.05

1

03/21/2016

19:18 899217

(EPA 525.2)

Heptachlor

ND

ug/L

0.03

1

03/21/2016

19:18 899217

(EPA 525.2)

Heptachlor Epoxide (isomer B)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Hexachlorobenzene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Hexachlorocyclopentadiene

ND (LE)

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Indeno(1,2,3,c,d)Pyrene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Isophorone

ND

ug/L

0.5

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Lindane

ND

ug/L

0.04

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Malathion

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Methoxychlor

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Metolachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Metribuzin

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Molinate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Naphthalene

ND

ug/L

0.3

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Parathion

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Pendimethalin

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Pentachlorophenol

ND (LE,LK)

ug/L

1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Permethrin (mixed isomers)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Phenanthrene

ND

ug/L

0.04

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Propachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Pyrene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Simazine

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Terbacil

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Terbuthylazine

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Thiobencarb (ELAP)

ND

ug/L

0.2

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

trans-Nonachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Trifluralin

ND

ug/L

0.1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

1,3-Dimethyl-2-nitrobenzene

99

%

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Acenaphthene-d10

81

%

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Chrysene-d12

91

%

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Perylene-d12

89

%

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Phenanthrene-d10

86

%

1

3/16/2016

03/21/2016

19:18 899217

(EPA 525.2)

Triphenylphosphate

108

%

1

HI0000406-005-TP004 (201603110270)

1

Sampled on 03/09/2016 0915

Rounding on totals after summation.
(c) - indicates calculated results
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Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

QC Ref #

Method

Samples Received on:
03/11/2016 12:56

Analyte

Result

Units

MRL

Dilution

Facility ID: TP004
Sample Point ID: 005
PWSID: HI0000406
Static ID: Kapilimao Well

EPA 525.2 - Semivolatiles by GCMS
3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

2,4-DDD

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

2,4-DDE

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

2,4-DDT

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

2,4-Dinitrotoluene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

2,6-Dinitrotoluene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

4,4-DDD

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

4,4-DDE

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

4,4-DDT

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Acenaphthene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Acenaphthylene

ND (L4,R7)

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Acetochlor

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Alachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Aldrin

ND (L4)

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Alpha-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

alpha-Chlordane

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Anthracene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Atrazine

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Benz(a)Anthracene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Benzo(a)pyrene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Benzo(b)Fluoranthene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Benzo(g,h,i)Perylene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Benzo(k)Fluoranthene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Beta-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Bromacil

ND

ug/L

0.2

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Butachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Butylbenzylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Caffeine by method 525mod

ND (LE)

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Chlorobenzilate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Chloroneb

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Chlorothalonil(Draconil,Bravo)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Chlorpyrifos (Dursban)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Chrysene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Delta-BHC

ND

ug/L

0.1

1

Rounding on totals after summation.
(c) - indicates calculated results
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Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

3/16/2016

03/21/2016

3/16/2016

03/21/2016

3/16/2016
3/16/2016

QC Ref #

Samples Received on:
03/11/2016 12:56

Method

Analyte

Result

Units

MRL

Dilution

19:42 899217

(EPA 525.2)

Di-(2-Ethylhexyl)adipate

ND

ug/L

0.6

1

19:42 899217

(EPA 525.2)

Di(2-Ethylhexyl)phthalate

ND

ug/L

0.6

1

03/21/2016

19:42 899217

(EPA 525.2)

Diazinon (Qualitative)

ND

ug/L

0.1

1

03/21/2016

19:42 899217

(EPA 525.2)

Dibenz(a,h)Anthracene

ND (LK)

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Dichlorvos (DDVP)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Dieldrin

ND

ug/L

0.2

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Diethylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Dimethoate

ND (LK)

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Dimethylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Di-n-Butylphthalate

ND

ug/L

1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Di-N-octylphthalate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Endosulfan I (Alpha)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Endosulfan II (Beta)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Endosulfan Sulfate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Endrin

ND

ug/L

0.2

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Endrin Aldehyde

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

EPTC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Fluoranthene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Fluorene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

gamma-Chlordane

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Heptachlor

ND

ug/L

0.03

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Heptachlor Epoxide (isomer B)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Hexachlorobenzene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Hexachlorocyclopentadiene

ND (LE)

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Indeno(1,2,3,c,d)Pyrene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Isophorone

ND

ug/L

0.5

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Lindane

ND

ug/L

0.04

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Malathion

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Methoxychlor

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Metolachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Metribuzin

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Molinate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Naphthalene

ND

ug/L

0.3

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Parathion

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Pendimethalin

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Pentachlorophenol

ND (LE,LK)

ug/L

1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Permethrin (mixed isomers)

ND

ug/L

0.1

1

Rounding on totals after summation.
(c) - indicates calculated results
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Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

3/16/2016

03/21/2016

3/16/2016
3/16/2016

QC Ref #

Samples Received on:
03/11/2016 12:56

Method

Analyte

Result

Units

MRL

Dilution

19:42 899217

(EPA 525.2)

Phenanthrene

ND

ug/L

0.04

1

03/21/2016

19:42 899217

(EPA 525.2)

Propachlor

ND

ug/L

0.05

1

03/21/2016

19:42 899217

(EPA 525.2)

Pyrene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Simazine

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Terbacil

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Terbuthylazine

ND

ug/L

0.1

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Thiobencarb (ELAP)

ND

ug/L

0.2

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

trans-Nonachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Trifluralin

ND

ug/L

0.1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

1,3-Dimethyl-2-nitrobenzene

102

%

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Acenaphthene-d10

79

%

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Chrysene-d12

91

%

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Perylene-d12

76

%

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Phenanthrene-d10

82

%

1

3/16/2016

03/21/2016

19:42 899217

(EPA 525.2)

Triphenylphosphate

110

%

1

HI0000406-010-TP006 (201603110271)

1

Sampled on 03/09/2016 0940

Facility ID: TP006
Sample Point ID: 010
PWSID: HI0000406
Static ID: Waimea Well B

EPA 525.2 - Semivolatiles by GCMS
3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

2,4-DDD

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

2,4-DDE

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

2,4-DDT

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

2,4-Dinitrotoluene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

2,6-Dinitrotoluene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

4,4-DDD

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

4,4-DDE

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

4,4-DDT

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Acenaphthene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Acenaphthylene

ND (L4,R7)

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Acetochlor

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Alachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Aldrin

ND (L4)

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Alpha-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

alpha-Chlordane

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Anthracene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Atrazine

ND

ug/L

0.05

1

Rounding on totals after summation.
(c) - indicates calculated results
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Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

3/16/2016

03/21/2016

3/16/2016
3/16/2016

QC Ref #

Samples Received on:
03/11/2016 12:56

Method

Analyte

Result

Units

MRL

Dilution

20:06 899217

(EPA 525.2)

Benz(a)Anthracene

ND

ug/L

0.05

1

03/21/2016

20:06 899217

(EPA 525.2)

Benzo(a)pyrene

ND

ug/L

0.02

1

03/21/2016

20:06 899217

(EPA 525.2)

Benzo(b)Fluoranthene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Benzo(g,h,i)Perylene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Benzo(k)Fluoranthene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Beta-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Bromacil

ND

ug/L

0.2

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Butachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Butylbenzylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Caffeine by method 525mod

ND (LE)

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Chlorobenzilate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Chloroneb

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Chlorothalonil(Draconil,Bravo)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Chlorpyrifos (Dursban)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Chrysene

ND

ug/L

0.02

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Delta-BHC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Di-(2-Ethylhexyl)adipate

ND

ug/L

0.6

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Di(2-Ethylhexyl)phthalate

ND

ug/L

0.6

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Diazinon (Qualitative)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Dibenz(a,h)Anthracene

ND (LK)

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Dichlorvos (DDVP)

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Dieldrin

ND

ug/L

0.2

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Diethylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Dimethoate

ND (LK)

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Dimethylphthalate

ND

ug/L

0.5

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Di-n-Butylphthalate

ND

ug/L

1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Di-N-octylphthalate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Endosulfan I (Alpha)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Endosulfan II (Beta)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Endosulfan Sulfate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Endrin

ND

ug/L

0.2

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Endrin Aldehyde

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

EPTC

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Fluoranthene

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Fluorene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

gamma-Chlordane

ND

ug/L

0.05

1

Rounding on totals after summation.
(c) - indicates calculated results
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Laboratory Data
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Prepared

Analyzed

3/16/2016

03/21/2016

3/16/2016

03/21/2016

3/16/2016
3/16/2016

QC Ref #

Samples Received on:
03/11/2016 12:56

Method

Analyte

Result

Units

MRL

Dilution

20:06 899217

(EPA 525.2)

Heptachlor

ND

ug/L

0.03

1

20:06 899217

(EPA 525.2)

Heptachlor Epoxide (isomer B)

ND

ug/L

0.05

1

03/21/2016

20:06 899217

(EPA 525.2)

Hexachlorobenzene

ND

ug/L

0.05

1

03/21/2016

20:06 899217

(EPA 525.2)

Hexachlorocyclopentadiene

ND (LE)

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Indeno(1,2,3,c,d)Pyrene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Isophorone

ND

ug/L

0.5

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Lindane

ND

ug/L

0.04

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Malathion

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Methoxychlor

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Metolachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Metribuzin

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Molinate

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Naphthalene

ND

ug/L

0.3

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Parathion

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Pendimethalin

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Pentachlorophenol

ND (LE,LK)

ug/L

1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Permethrin (mixed isomers)

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Phenanthrene

ND

ug/L

0.04

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Propachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Pyrene

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Simazine

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Terbacil

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Terbuthylazine

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Thiobencarb (ELAP)

ND

ug/L

0.2

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

trans-Nonachlor

ND

ug/L

0.05

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Trifluralin

ND

ug/L

0.1

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

1,3-Dimethyl-2-nitrobenzene

100

%

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Acenaphthene-d10

74

%

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Chrysene-d12

78

%

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Perylene-d12

90

%

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Phenanthrene-d10

76

%

1

3/16/2016

03/21/2016

20:06 899217

(EPA 525.2)

Triphenylphosphate

108

%

1

Rounding on totals after summation.
(c) - indicates calculated results
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Laboratory Comments
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
Carl Arume
Post Office Box 1706
Lihue, HI 96766

Folder Comments

Chlorpyrifos included per client request - 032216dst.
Flags Legend:

L4 - The associated blank spike recovery was below method acceptance limits.
LE - MRL Check recovery was above laboratory acceptance limits.
LK - The associated blank spike recovery was above method acceptance limits. This target analyte was not
detected in the sample.
R7 - LFB/LFBD RPD exceeded the laboratory acceptance limit. Recovery met acceptance criteria.

The Comments Report may be blank if there are no comments for this report.

Comments - Page 1 of 1
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Laboratory
QC Summary: 579888

750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
QC Ref # 899217 - Semivolatiles by GCMS

201603110268
201603110269
201603110270
201603110271

HI0000400-017-TP080
HI0000400-506-TP413
HI0000406-005-TP004
HI0000406-010-TP006

Analysis Date: 03/21/2016

Analyzed by: KAM
Analyzed by: KAM
Analyzed by: KAM
Analyzed by: KAM

QC Summary - Page 1 of 1
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Laboratory QC
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
QC Type

Analyte

Native

Spiked

Recovered

Units

QC Ref# 899217 - Semivolatiles by GCMS by EPA 525.2

Yield (%)

Limits (%)

RPDLimit (%)

RPD%

Analysis Date: 03/21/2016

LCS1

1,3-Dimethyl-2-nitrobenzene (S)

100

%

100

(70-130)

LCS2

1,3-Dimethyl-2-nitrobenzene (S)

99.5

%

99

(70-130)

MBLK

1,3-Dimethyl-2-nitrobenzene (S)

99.9

%

100

(70-130)

MRL_CHK

1,3-Dimethyl-2-nitrobenzene (S)

99.3

%

99

(70-130)

MS_201603110135

1,3-Dimethyl-2-nitrobenzene (S)

98.1

%

98

(70-130)

LCS1

2,4-DDD

2

1.97

ug/L

99

(70-130)

LCS2

2,4-DDD

2

2.00

ug/L

100

(70-130)

MBLK

2,4-DDD

MRL_CHK

2,4-DDD

MS_201603110135

2,4-DDD

LCS1
LCS2
MBLK

2,4-DDE

<0.1

ug/L

0.1

0.121

ug/L

121

(50-150)

2

1.88

ug/L

94

(70-130)

2,4-DDE

2

2.11

ug/L

106

(70-130)

2,4-DDE

2

2.10

ug/L

105

(70-130)

<0.1

ug/L

0.1

0.0930

ug/L

93

(50-150)

2

2.03

ug/L

101

(70-130)

2.19

ug/L

110

(70-130)

112

(70-130)

ND

MRL_CHK

2,4-DDE

MS_201603110135

2,4-DDE

LCS1

2,4-DDT

2

LCS2

2,4-DDT

2

MBLK

2,4-DDT

MRL_CHK

2,4-DDT

MS_201603110135

2,4-DDT

LCS1

2,4-Dinitrotoluene

LCS2

2,4-Dinitrotoluene

MBLK

2,4-Dinitrotoluene

MRL_CHK

2,4-Dinitrotoluene

MS_201603110135

2,4-Dinitrotoluene

LCS1
LCS2
MBLK

2,6-Dinitrotoluene

ND

ND

2.24

ug/L

<0.1

ug/L

0.1

0.0900

ug/L

90

(50-150)

2

2.10

ug/L

105

(70-130)

2

2.34

ug/L

117

(70-130)

2

2.37

ug/L

119

(70-130)

<0.05

ug/L

0.1

0.0950

ug/L

95

(50-150)

2

2.25

ug/L

112

(70-130)

2,6-Dinitrotoluene

2

2.25

ug/L

113

(70-130)

2,6-Dinitrotoluene

2

2.25

ug/L

112

(70-130)

<0.05

ug/L

0.1

0.0990

ug/L

99

(50-150)

2

2.13

ug/L

107

(70-130)

ND

MRL_CHK

2,6-Dinitrotoluene

MS_201603110135

2,6-Dinitrotoluene

LCS1

4,4-DDD

2

2.23

ug/L

111

(70-130)

LCS2

4,4-DDD

2

2.26

ug/L

113

(70-130)

MBLK

4,4-DDD

MRL_CHK

4,4-DDD

MS_201603110135

4,4-DDD

LCS1

4,4-DDE

ND

ND

<0.05

ug/L

0.1

0.0980

ug/L

98

(50-150)

2

2.16

ug/L

108

(70-130)

2

2.03

ug/L

101

(70-130)

20

1.5

20

0.48

20

2.3

20

1.3

20

0.0

20

1.8

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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Laboratory QC
Report: 579888
750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
QC Type

Analyte

LCS2

4,4-DDE

MBLK

4,4-DDE

MRL_CHK

4,4-DDE

MS_201603110135

4,4-DDE

LCS1
LCS2
MBLK

4,4-DDT

Native

Spiked

Recovered

Units

Yield (%)

Limits (%)

RPDLimit (%)

RPD%

2

2.01

ug/L

101

(70-130)

20

0.99

20

1.8

20

0.49

20

23

20

0.87

20

4.7

20

17

<0.05

ug/L

0.1

0.0930

ug/L

93

(50-150)

2

2.01

ug/L

100

(70-130)

4,4-DDT

2

2.26

ug/L

113

(70-130)

4,4-DDT

2

2.30

ug/L

115

(70-130)

<0.05

ug/L

0.1

0.0860

ug/L

86

(50-150)

2

2.20

ug/L

110

(70-130)

2.04

ug/L

102

(70-130)

102

(70-130)

96

(50-150)

ND

MRL_CHK

4,4-DDT

MS_201603110135

4,4-DDT

LCS1

Acenaphthene

2

LCS2

Acenaphthene

2

MBLK

Acenaphthene

MRL_CHK

Acenaphthene

MS_201603110135

Acenaphthene

1.93

ug/L

97

(70-130)

LCS1

Acenaphthene-d10 (I)

80.2

%

80

(50-150)

LCS2

Acenaphthene-d10 (I)

94.0

%

94

(50-150)

MBLK

Acenaphthene-d10 (I)

90.1

%

90

(50-150)

MRL_CHK

Acenaphthene-d10 (I)

91.7

%

92

(50-150)

MS_201603110135

Acenaphthene-d10 (I)

63.7

%

64

(50-150)

LCS1

Acenaphthylene

2

1.25

ug/L

63

(70-130)

LCS2

Acenaphthylene

2

1.58

ug/L

79

(70-130)

MBLK

Acenaphthylene

<0.05

ug/L

0.1

0.0540

ug/L

54

(50-150)

2

1.33

ug/L

67

(70-130)

2.28

ug/L

114

(70-130)

115

(70-130)

ND

0.1
ND

2

MRL_CHK

Acenaphthylene

MS_201603110135

Acenaphthylene

LCS1

Acetochlor

2

LCS2

Acetochlor

2

MBLK

Acetochlor

MRL_CHK

Acetochlor

MS_201603110135

Acetochlor

LCS1

Alachlor

LCS2

Alachlor

MBLK

Alachlor

MRL_CHK

Alachlor

MS_201603110135

Alachlor

LCS1
LCS2
MBLK

Aldrin

MRL_CHK

Aldrin

ND

ND

2.03

ug/L

<0.05

ug/L

0.0960

ug/L

2.30

ug/L

<0.05

ug/L

0.05

0.0490

ug/L

98

(50-150)

2

2.06

ug/L

103

(70-130)

2

2.18

ug/L

109

(70-130)

2

2.08

ug/L

104

(70-130)

<0.025

ug/L

0.05

0.0440

ug/L

88

(50-150)

2

1.93

ug/L

97

(70-130)

Aldrin

2

1.11

ug/L

56

(70-130)

Aldrin

2

1.32

ug/L

66

(70-130)

<0.025

ug/L

0.0310

ug/L

62

(50-150)

ND

0.05

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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QC Type

Analyte

Native

Spiked

Recovered

Units

Yield (%)

Limits (%)

MS_201603110135

Aldrin

ND

2

1.30

ug/L

65

(70-130)

LCS1

Alpha-BHC

2

2.13

ug/L

107

(70-130)

LCS2

Alpha-BHC

2

2.13

ug/L

106

(70-130)

MBLK

Alpha-BHC

<0.05

ug/L

0.1

0.0880

ug/L

88

(50-150)

2

2.05

ug/L

102

(70-130)

2.02

ug/L

101

(70-130)

100

(70-130)

MRL_CHK

Alpha-BHC

MS_201603110135

Alpha-BHC

LCS1

alpha-Chlordane

2

LCS2

alpha-Chlordane

2

MBLK

alpha-Chlordane

MRL_CHK

alpha-Chlordane

MS_201603110135

alpha-Chlordane

LCS1

Anthracene

LCS2

Anthracene

MBLK

Anthracene

MRL_CHK

Anthracene

MS_201603110135

Anthracene

LCS1
LCS2
MBLK

Atrazine

ND

ND

2.00

ug/L

<0.025

ug/L

0.05

0.0540

ug/L

108

(50-150)

2

1.84

ug/L

92

(70-130)

2

1.95

ug/L

97

(70-130)

2

1.97

ug/L

98

(70-130)

<0.02

ug/L

0.02

0.0190

ug/L

95

(50-150)

2

1.91

ug/L

95

(70-130)

Atrazine

2

2.27

ug/L

114

(70-130)

Atrazine

2

2.25

ug/L

112

(70-130)

<0.025

ug/L

0.05

0.0430

ug/L

86

(50-150)

2

1.76

ug/L

88

(70-130)

2.22

ug/L

111

(70-130)

113

(70-130)

ND

MRL_CHK

Atrazine

MS_201603110135

Atrazine

LCS1

Benz(a)Anthracene

2

LCS2

Benz(a)Anthracene

2

MBLK

Benz(a)Anthracene

MRL_CHK

Benz(a)Anthracene

MS_201603110135

Benz(a)Anthracene

LCS1

Benzo(a)pyrene

LCS2

Benzo(a)pyrene

MBLK

Benzo(a)pyrene

MRL_CHK

Benzo(a)pyrene

MS_201603110135

Benzo(a)pyrene

LCS1
LCS2
MBLK

Benzo(b)Fluoranthene

ND

ND

2.27

ug/L

<0.025

ug/L

0.05

0.0520

ug/L

104

(50-150)

2

2.18

ug/L

109

(70-130)

2

2.08

ug/L

104

(70-130)

2

2.16

ug/L

108

(70-130)

<0.01

ug/L

0.02

0.0130

ug/L

65

(50-150)

2

2.03

ug/L

102

(70-130)

Benzo(b)Fluoranthene

2

2.40

ug/L

120

(70-130)

Benzo(b)Fluoranthene

2

2.30

ug/L

115

(70-130)

<0.01

ug/L

0.02

0.0230

ug/L

115

(50-150)

2

2.19

ug/L

110

(70-130)

ND

MRL_CHK

Benzo(b)Fluoranthene

MS_201603110135

Benzo(b)Fluoranthene

LCS1

Benzo(g,h,i)Perylene

2

2.56

ug/L

128

(70-130)

LCS2

Benzo(g,h,i)Perylene

2

2.58

ug/L

129

(70-130)

ND

RPDLimit (%)

RPD%

20

0.0

20

1.5

20

1.0

20

0.89

20

2.2

20

3.3

20

4.3

20

0.78

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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QC Type

Analyte

MBLK

Benzo(g,h,i)Perylene

Native

Spiked

Recovered

Units

<0.025

ug/L

0.05

0.0460

2

2.32
2.21

MRL_CHK

Benzo(g,h,i)Perylene

MS_201603110135

Benzo(g,h,i)Perylene

LCS1

Benzo(k)Fluoranthene

2

LCS2

Benzo(k)Fluoranthene

2

MBLK

Benzo(k)Fluoranthene

MRL_CHK

Benzo(k)Fluoranthene

MS_201603110135

Benzo(k)Fluoranthene

LCS1

Beta-BHC

LCS2

Beta-BHC

MBLK

Beta-BHC

MRL_CHK

Beta-BHC

MS_201603110135

Beta-BHC

LCS1
LCS2
MBLK

Bromacil

ND

ND

Yield (%)

Limits (%)

ug/L

92

(50-150)

ug/L

116

(70-130)

ug/L

111

(70-130)

116

(70-130)

2.32

ug/L

<0.01

ug/L

0.02

0.0230

ug/L

115

(50-150)

2

2.10

ug/L

105

(70-130)

2

2.21

ug/L

110

(70-130)

2

2.27

ug/L

113

(70-130)

<0.05

ug/L

0.1

0.123

ug/L

123

(50-150)

2

2.12

ug/L

106

(70-130)

Bromacil

2

2.58

ug/L

129

(70-130)

Bromacil

2

2.34

ug/L

117

(70-130)

<0.05

ug/L

0.1

0.126

ug/L

126

(50-150)

2

2.38

ug/L

119

(70-130)

2.30

ug/L

115

(70-130)

114

(70-130)

ND

MRL_CHK

Bromacil

MS_201603110135

Bromacil

LCS1

Butachlor

2

LCS2

Butachlor

2

MBLK

Butachlor

MRL_CHK

Butachlor

MS_201603110135

Butachlor

LCS1

Butylbenzylphthalate

LCS2

Butylbenzylphthalate

MBLK

Butylbenzylphthalate

MRL_CHK

Butylbenzylphthalate

MS_201603110135

Butylbenzylphthalate

LCS1
LCS2
MBLK

Caffeine by method 525mod

MS_201603110135

Caffeine by method 525mod

LCS1

Chlorobenzilate

LCS2

Chlorobenzilate

MBLK

Chlorobenzilate

MRL_CHK

Chlorobenzilate

MS_201603110135

Chlorobenzilate

LCS1

Chloroneb

ND

ND

2.27

ug/L

<0.025

ug/L

0.05

0.0490

ug/L

98

(50-150)

2

2.00

ug/L

100

(70-130)

2

2.55

ug/L

127

(70-130)

2

2.43

ug/L

122

(70-130)

<0.15

ug/L

0.15

0.173

ug/L

115

(50-150)

2

2.39

ug/L

120

(70-130)

Caffeine by method 525mod

2

2.02

ug/L

101

(45-137)

Caffeine by method 525mod

2

2.14

ug/L

107

(45-137)

<0.01

ug/L

2

1.95

ug/L

98

(46-144)

2

2.36

ug/L

118

(70-130)

2

2.28

ug/L

114

(70-130)

ND

ND

ND

<0.05

ug/L

0.1

0.109

ug/L

109

(50-150)

2

2.26

ug/L

113

(70-130)

2

2.02

ug/L

101

(70-130)

RPDLimit (%)

RPD%

20

4.9

20

2.7

20

9.8

20

1.3

20

4.8

20

5.8

20

3.5

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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Analyte

LCS2

Chloroneb

MBLK

Chloroneb

MRL_CHK

Chloroneb

MS_201603110135

Chloroneb

LCS1
LCS2
MBLK

Chlorothalonil(Draconil,Bravo)

Native

Spiked

Recovered

Units

Yield (%)

Limits (%)

RPDLimit (%)

RPD%

2

2.04

ug/L

102

(70-130)

20

0.99

20

2.1

20

3.2

20

3.4

20

1.9

20

0.92

20

0.0

<0.05

ug/L

0.1

0.103

ug/L

103

(50-150)

2

1.93

ug/L

97

(70-130)

Chlorothalonil(Draconil,Bravo)

2

2.35

ug/L

117

(70-130)

Chlorothalonil(Draconil,Bravo)

2

2.30

ug/L

115

(70-130)

<0.05

ug/L

0.05

0.0530

ug/L

106

(50-150)

2

2.20

ug/L

110

(70-130)

2.23

ug/L

111

(70-130)

108

(70-130)

ND

MRL_CHK

Chlorothalonil(Draconil,Bravo)

MS_201603110135

Chlorothalonil(Draconil,Bravo)

LCS1

Chlorpyrifos (Dursban)

2

LCS2

Chlorpyrifos (Dursban)

2

MBLK

Chlorpyrifos (Dursban)

MRL_CHK

Chlorpyrifos (Dursban)

MS_201603110135

Chlorpyrifos (Dursban)

LCS1

Chrysene

LCS2

Chrysene

MBLK

Chrysene

MRL_CHK

Chrysene

MS_201603110135

Chrysene

LCS1
LCS2
MBLK

ND

ND

2.16

ug/L

<0.025

ug/L

0.05

0.0470

ug/L

94

(50-150)

2

2.09

ug/L

105

(70-130)

2

2.09

ug/L

105

(70-130)

2

2.02

ug/L

101

(70-130)

<0.01

ug/L

0.02

0.0230

ug/L

115

(50-150)

2

1.92

ug/L

96

(70-130)

Chrysene-d12 (I)

91.8

%

92

(50-150)

Chrysene-d12 (I)

110

%

110

(50-150)

Chrysene-d12 (I)

102

%

102

(50-150)

MRL_CHK

Chrysene-d12 (I)

104

%

104

(50-150)

MS_201603110135

Chrysene-d12 (I)

75.9

%

76

(50-150)

LCS1

Delta-BHC

2

2.15

ug/L

107

(70-130)

LCS2

Delta-BHC

2

105

(70-130)

MBLK

Delta-BHC

MRL_CHK

Delta-BHC

MS_201603110135

Delta-BHC

LCS1

Di-(2-Ethylhexyl)adipate

LCS2

Di-(2-Ethylhexyl)adipate

MBLK

Di-(2-Ethylhexyl)adipate

MRL_CHK

Di-(2-Ethylhexyl)adipate

MS_201603110135

Di-(2-Ethylhexyl)adipate

LCS1
LCS2
MBLK

Di(2-Ethylhexyl)phthalate

MRL_CHK

Di(2-Ethylhexyl)phthalate

ND

ND

2.11

ug/L

<0.05

ug/L

0.1

0.101

ug/L

101

(50-150)

2

1.96

ug/L

98

(70-130)

2

2.16

ug/L

108

(70-130)

2

2.18

ug/L

109

(70-130)

<0.15

ug/L

0.3

0.292

ug/L

97

(50-150)

2

2.04

ug/L

102

(70-130)

Di(2-Ethylhexyl)phthalate

2

2.04

ug/L

102

(70-130)

Di(2-Ethylhexyl)phthalate

2

2.04

ug/L

102

(70-130)

<0.15

ug/L

0.662

ug/L

110

(50-150)

ND

0.6

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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QC Type

Analyte

Native

Spiked

Recovered

Units

Yield (%)

Limits (%)

MS_201603110135

Di(2-Ethylhexyl)phthalate

ND

2

1.71

ug/L

86

(70-130)

LCS1

Diazinon (Qualitative)

2

2.02

ug/L

101

(70-130)

LCS2

Diazinon (Qualitative)

2

2.01

ug/L

100

(70-130)

MBLK

Diazinon (Qualitative)

<0.10

ug/L

0.1

0.0890

ug/L

89

(50-150)

2

1.64

ug/L

82

(70-130)

2.55

ug/L

127

(70-130)

132

(70-130)

MRL_CHK

Diazinon (Qualitative)

MS_201603110135

Diazinon (Qualitative)

LCS1

Dibenz(a,h)Anthracene

2

LCS2

Dibenz(a,h)Anthracene

2

MBLK

Dibenz(a,h)Anthracene

MRL_CHK

Dibenz(a,h)Anthracene

MS_201603110135

Dibenz(a,h)Anthracene

LCS1

Dichlorvos (DDVP)

LCS2

Dichlorvos (DDVP)

MBLK

Dichlorvos (DDVP)

MRL_CHK

Dichlorvos (DDVP)

MS_201603110135

Dichlorvos (DDVP)

LCS1
LCS2
MBLK

Dieldrin

ND

ND

2.64

ug/L

<0.025

ug/L

0.05

0.0580

ug/L

116

(50-150)

2

2.45

ug/L

123

(70-130)

2

2.22

ug/L

111

(70-130)

2

2.22

ug/L

111

(70-130)

<0.025

ug/L

0.05

0.0500

ug/L

100

(50-150)

2

2.04

ug/L

102

(70-130)

Dieldrin

2

2.14

ug/L

107

(70-130)

Dieldrin

2

2.12

ug/L

106

(70-130)

<0.05

ug/L

0.1

0.109

ug/L

109

(50-150)

2

2.00

ug/L

100

(70-130)

2.14

ug/L

107

(70-130)

108

(70-130)

100

(50-150)

ND

MRL_CHK

Dieldrin

MS_201603110135

Dieldrin

LCS1

Diethylphthalate

2

LCS2

Diethylphthalate

2

MBLK

Diethylphthalate

MRL_CHK

Diethylphthalate

MS_201603110135

Diethylphthalate

LCS1

Dimethoate

LCS2

Dimethoate

MBLK

Dimethoate

MRL_CHK

Dimethoate

MS_201603110135

Dimethoate

LCS1
LCS2
MBLK

Dimethylphthalate

ND

ND

2.16

ug/L

<0.15

ug/L

0.15

0.150

ug/L

2

2.10

ug/L

105

(70-130)

2

2.09

ug/L

105

(35-100)

2

2.17

ug/L

108

(35-100)

<0.05

ug/L

0.1

0.0980

ug/L

98

(35-100)

2

1.88

ug/L

94

(34-111)

Dimethylphthalate

2

2.15

ug/L

107

(70-130)

Dimethylphthalate

2

2.14

ug/L

107

(70-130)

<0.15

ug/L

0.3

0.299

ug/L

100

(50-150)

2

2.05

ug/L

103

(70-130)

ND

MRL_CHK

Dimethylphthalate

MS_201603110135

Dimethylphthalate

LCS1

Di-n-Butylphthalate

4

4.69

ug/L

117

(70-130)

LCS2

Di-n-Butylphthalate

4

4.67

ug/L

117

(70-130)

ND

RPDLimit (%)

RPD%

20

0.50

20

3.5

20

0.0

20

0.47

20

0.93

20

3.8

20

0.47

20

0.43

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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Analyte

MBLK

Di-n-Butylphthalate

Native

Spiked

Recovered

Units

<0.15

ug/L

0.3

0.322

4

4.45
2.03

MRL_CHK

Di-n-Butylphthalate

MS_201603110135

Di-n-Butylphthalate

LCS1

Di-N-octylphthalate

2

LCS2

Di-N-octylphthalate

2

MBLK

Di-N-octylphthalate

MRL_CHK

Di-N-octylphthalate

MS_201603110135

Di-N-octylphthalate

LCS1

Endosulfan I (Alpha)

LCS2

Endosulfan I (Alpha)

MBLK

Endosulfan I (Alpha)

MRL_CHK

Endosulfan I (Alpha)

MS_201603110135

Endosulfan I (Alpha)

LCS1
LCS2
MBLK

Endosulfan II (Beta)

ND

ND

Yield (%)

Limits (%)

ug/L

107

(50-150)

ug/L

111

(70-130)

ug/L

101

(70-130)

105

(70-130)

2.09

ug/L

<0.05

ug/L

0.1

0.0990

ug/L

99

(50-150)

2

1.74

ug/L

87

(70-130)

2

2.04

ug/L

102

(70-130)

2

2.04

ug/L

102

(70-130)

<0.05

ug/L

0.1

0.0830

ug/L

83

(50-150)

2

1.88

ug/L

94

(70-130)

Endosulfan II (Beta)

2

2.20

ug/L

110

(70-130)

Endosulfan II (Beta)

2

2.20

ug/L

110

(70-130)

<0.05

ug/L

0.1

0.119

ug/L

119

(50-150)

2

2.18

ug/L

109

(70-130)

2.45

ug/L

122

(70-130)

116

(70-130)

ND

MRL_CHK

Endosulfan II (Beta)

MS_201603110135

Endosulfan II (Beta)

LCS1

Endosulfan Sulfate

2

LCS2

Endosulfan Sulfate

2

MBLK

Endosulfan Sulfate

MRL_CHK

Endosulfan Sulfate

MS_201603110135

Endosulfan Sulfate

LCS1

Endrin

LCS2

Endrin

MBLK

Endrin

MRL_CHK

Endrin

MS_201603110135

Endrin

LCS1
LCS2
MBLK

Endrin Aldehyde

ND

ND

2.32

ug/L

<0.05

ug/L

0.1

0.0880

ug/L

88

(50-150)

2

2.00

ug/L

100

(70-130)

2

2.34

ug/L

117

(70-130)

2

2.36

ug/L

118

(70-130)

<0.05

ug/L

0.1

0.110

ug/L

110

(50-150)

2

1.81

ug/L

91

(70-130)

Endrin Aldehyde

2

2.26

ug/L

113

(70-130)

Endrin Aldehyde

2

2.18

ug/L

109

(70-130)

<0.05

ug/L

0.1

0.100

ug/L

100

(50-150)

2

1.62

ug/L

81

(70-130)

2.10

ug/L

105

(70-130)

105

(70-130)

ND

MRL_CHK

Endrin Aldehyde

MS_201603110135

Endrin Aldehyde

LCS1

EPTC

2

LCS2

EPTC

2

MBLK

EPTC

MRL_CHK

EPTC

MS_201603110135

EPTC

ND

ND

2.10

ug/L

<0.05

ug/L

0.1

0.109

ug/L

109

(50-150)

2

2.04

ug/L

102

(70-130)

RPDLimit (%)

RPD%

20

2.9

20

0.49

20

0.0

20

5.5

20

0.43

20

3.6

20

0.0

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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QC Type

Analyte

LCS1

Native

Spiked

Recovered

Units

Yield (%)

Limits (%)

Fluoranthene

2

2.21

ug/L

111

(70-130)

LCS2

Fluoranthene

2

111

(70-130)

MBLK

Fluoranthene

MRL_CHK

Fluoranthene

MS_201603110135

Fluoranthene

LCS1

Fluorene

LCS2

Fluorene

MBLK

Fluorene

MRL_CHK

Fluorene

MS_201603110135

Fluorene

LCS1
LCS2
MBLK

gamma-Chlordane

ND

2.21

ug/L

<0.05

ug/L

0.05

0.0520

ug/L

104

(50-150)

2

2.14

ug/L

107

(70-130)

2

2.16

ug/L

108

(70-130)

2

2.12

ug/L

106

(70-130)

<0.05

ug/L

0.05

0.0540

ug/L

108

(50-150)

2

2.06

ug/L

103

(70-130)

gamma-Chlordane

2

1.98

ug/L

99

(70-130)

gamma-Chlordane

2

1.97

ug/L

98

(70-130)

<0.025

ug/L

0.05

0.0490

ug/L

98

(50-150)

2

1.84

ug/L

92

(70-130)

1.99

ug/L

100

(70-130)

98

(70-130)

ND

MRL_CHK

gamma-Chlordane

MS_201603110135

gamma-Chlordane

LCS1

Heptachlor

2

LCS2

Heptachlor

2

MBLK

Heptachlor

MRL_CHK

Heptachlor

MS_201603110135

Heptachlor

LCS1

Heptachlor Epoxide (isomer B)

LCS2

Heptachlor Epoxide (isomer B)

MBLK

Heptachlor Epoxide (isomer B)

MRL_CHK

Heptachlor Epoxide (isomer B)

MS_201603110135

Heptachlor Epoxide (isomer B)

LCS1
LCS2
MBLK

Hexachlorobenzene

ND

ND

1.96

ug/L

<0.015

ug/L

0.04

0.0440

ug/L

110

(50-150)

2

1.82

ug/L

91

(70-130)

2

2.13

ug/L

107

(70-130)

2

2.07

ug/L

103

(70-130)

<0.025

ug/L

0.05

0.0520

ug/L

104

(50-150)

2

1.91

ug/L

95

(70-130)

Hexachlorobenzene

2

1.96

ug/L

98

(70-130)

Hexachlorobenzene

2

1.96

ug/L

98

(70-130)

<0.025

ug/L

0.05

0.0490

ug/L

98

(50-150)

2

1.93

ug/L

97

(70-130)

2.40

ug/L

120

(70-130)

119

(70-130)

ND

MRL_CHK

Hexachlorobenzene

MS_201603110135

Hexachlorobenzene

LCS1

Hexachlorocyclopentadiene

2

LCS2

Hexachlorocyclopentadiene

2

MBLK

Hexachlorocyclopentadiene

MRL_CHK

Hexachlorocyclopentadiene

MS_201603110135

Hexachlorocyclopentadiene

LCS1

Indeno(1,2,3,c,d)Pyrene

LCS2

Indeno(1,2,3,c,d)Pyrene

MBLK

Indeno(1,2,3,c,d)Pyrene

ND

ND

2.38

ug/L

<0.025

ug/L

0.05

0.0780

ug/L

156

(50-150)

2

2.34

ug/L

117

(70-130)

2

2.49

ug/L

125

(70-130)

2

2.59

ug/L

130

(70-130)

<0.025

ug/L

RPDLimit (%)

RPD%

20

0.0

20

1.9

20

0.51

20

1.5

20

2.9

20

0.0

20

0.84

20

3.9

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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QC Type

Analyte

MRL_CHK

Indeno(1,2,3,c,d)Pyrene

MS_201603110135

Indeno(1,2,3,c,d)Pyrene

LCS1

Isophorone

LCS2

Isophorone

MBLK

Isophorone

MRL_CHK

Isophorone

MS_201603110135

Isophorone

LCS1
LCS2
MBLK

Lindane

Native

ND

Spiked

Recovered

Units

Yield (%)

Limits (%)

0.05

0.0500

ug/L

100

(50-150)

2

2.36

ug/L

118

(70-130)

2

2.30

ug/L

115

(70-130)

2

2.30

ug/L

115

(70-130)

<0.25

ug/L

0.1

0.102

ug/L

102

(50-150)

2

2.16

ug/L

108

(70-130)

Lindane

2

2.14

ug/L

107

(70-130)

Lindane

2

2.13

ug/L

106

(70-130)

<0.02

ug/L

0.04

0.0390

ug/L

98

(50-150)

2

1.98

ug/L

99

(70-130)

2.36

ug/L

118

(70-130)

114

(70-130)

ND

MRL_CHK

Lindane

MS_201603110135

Lindane

LCS1

Malathion

2

LCS2

Malathion

2

MBLK

Malathion

MRL_CHK

Malathion

MS_201603110135

Malathion

LCS1

Methoxychlor

LCS2

Methoxychlor

MBLK

Methoxychlor

MRL_CHK

Methoxychlor

MS_201603110135

Methoxychlor

LCS1
LCS2
MBLK

Metolachlor

ND

ND

2.28

ug/L

<0.05

ug/L

0.1

0.104

ug/L

104

(50-150)

2

2.19

ug/L

109

(70-130)

2

2.21

ug/L

111

(70-130)

2

2.17

ug/L

108

(70-130)

<0.05

ug/L

0.1

0.106

ug/L

106

(50-150)

2

2.08

ug/L

104

(70-130)

Metolachlor

2

2.21

ug/L

110

(70-130)

Metolachlor

2

2.19

ug/L

110

(70-130)

<0.025

ug/L

0.05

0.0520

ug/L

104

(50-150)

2

2.02

ug/L

101

(70-130)

2.22

ug/L

111

(70-130)

112

(70-130)

ND

MRL_CHK

Metolachlor

MS_201603110135

Metolachlor

LCS1

Metribuzin

2

LCS2

Metribuzin

2

MBLK

Metribuzin

MRL_CHK

Metribuzin

MS_201603110135

Metribuzin

LCS1

Molinate

LCS2

Molinate

MBLK

Molinate

MRL_CHK

Molinate

MS_201603110135

Molinate

LCS1

Naphthalene

ND

ND

ND

2.23

ug/L

<0.05

ug/L

0.05

0.0500

ug/L

100

(50-150)

2

1.98

ug/L

99

(70-130)

2

2.14

ug/L

107

(70-130)

2

2.12

ug/L

106

(70-130)

<0.05

ug/L

0.1

0.102

ug/L

102

(50-150)

2

2.10

ug/L

105

(70-130)

2

2.00

ug/L

100

(70-130)

RPDLimit (%)

RPD%

20

0.0

20

0.47

20

3.5

20

1.8

20

0.91

20

0.45

20

0.94

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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QC Type

Analyte

LCS2

Naphthalene

MBLK

Naphthalene

MRL_CHK

Naphthalene

MS_201603110135

Naphthalene

LCS1
LCS2
MBLK

Parathion

Native

Spiked

Recovered

Units

Yield (%)

Limits (%)

RPDLimit (%)

RPD%

2

1.98

ug/L

99

(70-130)

20

1.0

20

3.2

20

0.89

20

1.8

20

0.96

20

0.0

<0.05

ug/L

0.1

0.0960

ug/L

96

(50-150)

2

1.91

ug/L

96

(70-130)

Parathion

2

2.17

ug/L

109

(70-130)

Parathion

2

2.24

ug/L

112

(70-130)

<0.05

ug/L

0.1

0.102

ug/L

102

(50-150)

2

2.06

ug/L

103

(70-130)

2.25

ug/L

112

(70-130)

113

(70-130)

109

(50-150)

ND

MRL_CHK

Parathion

MS_201603110135

Parathion

LCS1

Pendimethalin

2

LCS2

Pendimethalin

2

MBLK

Pendimethalin

MRL_CHK

Pendimethalin

MS_201603110135

Pendimethalin

LCS1

Pentachlorophenol

LCS2

Pentachlorophenol

MBLK

Pentachlorophenol

MRL_CHK

Pentachlorophenol

MS_201603110135

Pentachlorophenol

LCS1
LCS2
MBLK

Permethrin (mixed isomers)

ND

ND

2.27

ug/L

<0.05

ug/L

0.1

0.109

ug/L

2

2.11

ug/L

106

(70-130)

8

11.0

ug/L

138

(70-130)

8

10.8

ug/L

135

(70-130)

<0.6

ug/L

0.5

0.992

ug/L

198

(50-150)

8

11.5

ug/L

143

(70-130)

Permethrin (mixed isomers)

4

4.16

ug/L

104

(70-130)

Permethrin (mixed isomers)

4

4.20

ug/L

105

(70-130)

<0.1

ug/L

0.15

0.212

ug/L

141

(50-150)

4

3.93

ug/L

98

(70-130)

ND

MRL_CHK

Permethrin (mixed isomers)

MS_201603110135

Permethrin (mixed isomers)

LCS1

Perylene-d12 (S)

91.9

%

92

(70-130)

LCS2

Perylene-d12 (S)

96.7

%

97

(70-130)

MBLK

Perylene-d12 (S)

83.8

%

84

(70-130)

MRL_CHK

Perylene-d12 (S)

79.7

%

80

(70-130)

MS_201603110135

Perylene-d12 (S)

98.1

%

98

(70-130)

LCS1

Phenanthrene

2

1.96

ug/L

98

(70-130)

LCS2

Phenanthrene

2

1.96

ug/L

98

(70-130)

MBLK

Phenanthrene

MRL_CHK

Phenanthrene

MS_201603110135

Phenanthrene

LCS1
LCS2

ND

<0.02

ug/L

0.02

0.0250

ug/L

125

(50-150)

2

1.91

ug/L

95

(70-130)

Phenanthrene-d10 (I)

82.5

%

83

(50-150)

Phenanthrene-d10 (I)

96.9

%

97

(50-150)

MBLK

Phenanthrene-d10 (I)

93.9

%

94

(50-150)

MRL_CHK

Phenanthrene-d10 (I)

95.2

%

95

(50-150)

ND

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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Analyte

MS_201603110135

Phenanthrene-d10 (I)

LCS1

Propachlor

LCS2

Propachlor

MBLK

Propachlor

Native

Spiked

Recovered

Units

Yield (%)

Limits (%)

66.0

%

66

(50-150)

2

2.01

ug/L

100

(70-130)

2

2.03

ug/L

102

(70-130)

<0.025

ug/L

0.05

0.0630

ug/L

126

(50-150)

2

1.95

ug/L

97

(70-130)

2.27

ug/L

113

(70-130)

113

(70-130)

MRL_CHK

Propachlor

MS_201603110135

Propachlor

LCS1

Pyrene

2

LCS2

Pyrene

2

MBLK

Pyrene

MRL_CHK

Pyrene

MS_201603110135

Pyrene

LCS1

Simazine

LCS2

Simazine

MBLK

Simazine

MRL_CHK

Simazine

MS_201603110135

Simazine

LCS1
LCS2
MBLK

Terbacil

ND

ND

2.26

ug/L

<0.025

ug/L

0.05

0.0500

ug/L

100

(50-150)

2

2.19

ug/L

110

(70-130)

2

2.29

ug/L

115

(70-130)

2

2.24

ug/L

112

(70-130)

<0.025

ug/L

0.05

0.0670

ug/L

134

(50-150)

2

1.61

ug/L

81

(70-130)

Terbacil

2

2.47

ug/L

123

(70-130)

Terbacil

2

2.37

ug/L

119

(70-130)

<0.05

ug/L

0.1

0.149

ug/L

149

(50-150)

2

1.97

ug/L

98

(70-130)

2.26

ug/L

113

(70-130)

110

(70-130)

ND

MRL_CHK

Terbacil

MS_201603110135

Terbacil

LCS1

Terbuthylazine

2

LCS2

Terbuthylazine

2

MBLK

Terbuthylazine

MRL_CHK

Terbuthylazine

MS_201603110135

Terbuthylazine

LCS1

Thiobencarb

LCS2

Thiobencarb

MBLK

Thiobencarb

MRL_CHK

Thiobencarb

MS_201603110135

Thiobencarb

LCS1
LCS2
MBLK

trans-Nonachlor

ND

ND

2.20

ug/L

<0.2

ug/L

0.1

0.0780

ug/L

78

(50-150)

2

1.68

ug/L

84

(70-130)

2

2.20

ug/L

110

(70-130)

2

2.21

ug/L

111

(70-130)

<0.1

ug/L

0.1

0.0860

ug/L

86

(50-150)

2

2.16

ug/L

108

(70-130)

trans-Nonachlor

2

2.03

ug/L

101

(70-130)

trans-Nonachlor

2

1.97

ug/L

99

(70-130)

<0.025

ug/L

0.05

0.0560

ug/L

112

(50-150)

2

1.91

ug/L

96

(70-130)

ND

MRL_CHK

trans-Nonachlor

MS_201603110135

trans-Nonachlor

LCS1

Trifluralin

2

2.18

ug/L

109

(70-130)

LCS2

Trifluralin

2

2.20

ug/L

110

(70-130)

ND

RPDLimit (%)

RPD%

20

0.99

20

0.44

20

2.2

20

4.1

20

2.2

20

0.45

20

3.0

20

0.91

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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750 Royal Oaks Drive, Suite 100
Monrovia, California 91016-3629
Tel: (626) 386-1100
Fax: (626) 386-1101
1 800 566 LABS (1 800 566 5227)

Kauai County Water Department
QC Type

Analyte

MBLK

Trifluralin

Native

Spiked

Recovered

Units

Yield (%)

Limits (%)

<0.05

ug/L

0.1

0.0970

2

2.04

ug/L

97

(50-150)

ug/L

102

(70-130)

MRL_CHK

Trifluralin

MS_201603110135

Trifluralin

LCS1

Triphenylphosphate (S)

111

%

111

(70-130)

LCS2

Triphenylphosphate (S)

111

%

111

(70-130)

MBLK

Triphenylphosphate (S)

110

%

110

(70-130)

MRL_CHK

Triphenylphosphate (S)

109

%

109

(70-130)

MS_201603110135

Triphenylphosphate (S)

107

%

107

(70-130)

ND

RPDLimit (%)

RPD%

Spike recovery is already corrected for native results.
Spikes which exceed Limits and Method Blanks with positive results are highlighted by Underlining.
Criteria for MS and Dup are advisory only, batch control is based on LCS. Criteria for duplicates are advisory only, unless otherwise specified in the method.
RPD not calculated for LCS2 when different a concentration than LCS1 is used.
RPD not calculated for Duplicates when the result is not five times the MRL (Minimum Reporting Level).
(S) - Indicates surrogate compound.
(I) - Indicates internal standard compound.
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COUNTY COUNCIL

OFFICE OF THE COUNTY CLERK

Council Services Division

April 8, 2016
TO:

Joint Fact-Finding (JFF) Study Group

FROM:

Councilmember JoAnn Yukimura
Kauai County

RE:

Feedback on JFF Draft Report on Pesticide Use by Large Agribusinesses
on Kauai

The JFF report is groundbreaking in its careful search for existing data,
meticulous wording and organization, and the respectful and robust process of
dialogue and collective inquiry that produced the report. It is interesting that the
disagreements now are less about the facts than about the interpretation of the
facts and the recommendations based on the facts.
As a decision-maker on Bill 2491, I would have greatly welcomed this report
prior to making my decision. It was extremely difficult to ascertain facts when they
were presented so disjointedly amidst allegations, heavy passion and dispute.
While the public has been asked to focus its input on accuracy and gaps in
the draft report, I would like to offer a few comments on recommendations in the
draft report as I believe they are a key component of the report and should be
subject to public input as well.
One of the major information gaps identified in the study is as follows: “The
capability exists to determine how much pesticide application activity occurs at a
particular location and at a given time; however it is not currently being done. This
information is essential for performing future environmental and health impact
studies.” (Draft Report, p. 89). This missing information was required in the
amended Bill 2491/Ordinance 960 now on appeal. The bill was amended to require
such information because that information was far more useful than the
requirement in the original bill mandating reporting of annual amounts of each
pesticide used and because industry representatives told myself and then
Councilmember Nakamura, co-introducers of the amendment, that such
information was readily available. Should preemption of the counties be affirmed,
AN EQUAL OPPORTUNITY EMPLOYER

this disclosure requirement should be implemented by state law, and the Good
Neighbor Program should be revised to ensure provision of such information. I
would expect industry cooperation since this information could ultimately vindicate
them.
I agree with updating and improving rapid response protocols when potential
pesticide exposure incidents occur. Effective and efficient management of these
incidents will improve public safety and could also make better data available as
well. Voluntary blood and urine tests should be tied to these protocols to provide
additional information.
I agree with updating Hawaii’s pesticide laws and regulations. It goes
without saying that the regulation of toxic substances should be kept up to date.
This is not a new mandate. This is about keeping fidelity with an ongoing
mandate. The same is true of updating critical data on key health statistics. We
simply must improve ongoing data gathering, whether seed companies exist or not,
if we want to improve the health of our citizens.
Environmental testing and monitoring are necessary to ensure that risks to
human and environmental health are minimal.
Finally, all of the above must balance cost with importance and value of
outcome, and monies allocated thereto must be used strategically.
Mahalo to members of the JFF Study Group, Peter Adler and team for the
enormous commitment of time, thought and effort in preparing the JFF draft
report. Mahalo to Mayor Carvalho and Department of Agriculture chair, Scott
Enright for picking up the project and making it happen.
Sincerely,
JOANN A. YUKIMURA
Councilmember, Kaua‘i County Council

The undersigned organizations submit the following comments on the Joint Fact Finding Study
Group’s (JFFSG’s) draft report entitled Pesticide Use by Large Agribusinesses on Kaua‘i. These
comments were prepared by Center for Food Safety staff scientist Bill Freese.
Earthjustice
Sierra Club Hawai i

GMO Free Kaua‘i
GMO Free Hawai‘i Island

North Shore O.H.A.N.A
‘Ohana ‘O Kaua‘i
Maui United
Beach Road Farms
Hawai‘i Alliance for Progressive Action

Sustainable Coastlines Hawai i
Babes Against Biotech
‘Onipa a Na Hui Kalo
SHAKA Movement
Moms on a Mission (MOM) Hui
Hawai i Center for Food Safety

INTRODUCTION
The JFFSG has done an excellent job gathering often difficult-to-access data on the health status of
the Kaua‘i population. The JFFSG’s recommendations are also very well-considered and
comprehensive. Much of the analysis is also very good. However, in places the assessment leaves
out critical information or perspectives, or is unintentionally misleading. In some instances, these
deficits weaken the assessment such that it fails to make a strong case for the recommended
measures. The following comments and recommendations are meant in the spirit of constructive
criticism. Page number references are to the pdf page numbers (not document page numbers, which
are often missing) of the draft report; references to “Appendix” are pdf page numbers of Appendix
II. Center for Food Safety will submit separate, more detailed comments that also provide
documentation for many of the points raised here.
PESTICIDE USAGE
Excessive attention to chlorine and structural fumigants
The JFFSG’s charge is specifically to investigate the potential impacts of pesticides used by seed
companies and other large agribusinesses on human health and the environment on Kaua‘i (p. 13).
Neither chlorine for water treatment nor fumigants used for termite control in buildings are
agricultural pesticides. Discussion of these non-agricultural pesticides (e.g. Figure 3-1 and associated
text, pp. 23, 26, 31-32) is irrelevant to JFFSG’s charge and confusing to readers. We urge that these
sections be cut from the report or at least greatly abbreviated, especially Figure 3-1. This would
open more space for discussion of agricultural pesticides, as outlined below.
Kaua‘i seed corn vs. mainland field corn
The comparison between RUP use on Kaua‘i seed corn and mainland field corn is highly misleading
because no data are provided on acres treated, but rather only rate per treated acre (lbs./acre/year).
Both metrics are required to give an adequate picture of pesticide use. This is why standard
reporting on pesticide usage by USDA (e.g. USDA’s National Agricultural Statistics Service and
Economic Research Service) employs both metrics, as discussed more fully in separate comments
from Center for Food Safety (CFS). Two examples reveal why reporting rate alone is misleading.
Table 3-3 gives the impression that bifenthrin is the most intensively used RUP on Kaua‘i because it
is applied at 5.36 times the rate that it is used on mainland corn (the highest multiple for any Kaua‘i
RUP). This impression is entirely false, however, because bifenthrin usage is insignificant: only two
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acre-treatments 1 of this RUP were made on Kaua‘i in all of 2014. (In contrast, bifenthrin was
applied to 4% of mainland corn in 2014.) At the other extreme, Table 3-3 suggests that lambdacyhalothrin use is only moderately greater (1.46 times, based on rate) on Kaua‘i than on mainland
corn. Once again, this is highly misleading, because fully 3,070 acre-treatments of this RUP were
made on Kaua‘i in 2014, more than for any other RUP, and over 1,500-fold acre-treatments than for
bifenthrin. (In contrast, only 2% of mainland corn was treated with this insecticide.) Center for
Food Safety is providing more detailed discussion of this important issue in separate comments
from our organization.
Data on frequency of pesticide use, including general use pesticides
JFFSG provides no information on usage of general use pesticides because the Hawai‘i Department
of Agriculture does not collect this information (p. 30). However, DuPont-Pioneer released valuable
frequency of use data on all of the pesticides it used on Kaua‘i from 2007 through 2012, and this
information should be included in the report (submitted with these comments as filename: DuPontPioneer Pesticides Kaua‘i 2007-12).
Include section describing spray and vapor drift of various pesticides used on Kaua‘i
Some pesticides are more likely to drift and cause adverse effects than others. The main report lacks
any real discussion of this topic. As explained more fully in separate comments from CFS, JFFSG
should assess pesticides used on Kaua‘i for the drift threat they pose to human health by evaluating:
1) How frequently they have been cited in complaints of pesticide illness in California’s Pesticide
Illness Surveillance Program (see section entitled The California Model below, under Regulation and
Oversight); and 2) How heavily they are used on Kaua‘i, as measured by field area treated. By these
two metrics, chlorpyrifos poses by far the greatest threat to human health from drift of RUPs used
on Kaua‘i, as also suggested by Milton Clark’s assessment of chlorpyrifos drift (Appendix, pp.
106ff). In light of this evidence (see also separate CFS comments), JFFSG is urged to remove the
totally inaccurate statement with respect to chlorpyrifos that “risk of exposure was essentially nonexistent through this means of drift” (Appendix, p. 15).
HUMAN HEALTH
Currently used pesticides on Kaua‘i
Under this section of the report (p. 53), JFFSG should provide the fullest possible list of pesticides
used by the seed companies on Kaua‘i, not merely the RUPs, 2,4-D and glyphosate. The list of
general use pesticides at Appendix II, Attachment 4 is inadequate for two reasons: it does not list
active ingredients, and the title (suggesting formulations used only by DuPont-Pioneer in 2011-2012)
is inconsistent with the note appended at the end by HCIA stating that it represents GUPs used by
all four seed companies as of fall 2015. Instead, we recommend inclusion in the main report of the
pesticide list mentioned above and submitted with these comments: DuPont-Pioneer Pesticides
Kaua‘i 2007-12.
Acute high dose exposure can have long-term impacts
The JFFSG should include a brief section in the main report explaining that acute, high-dose
exposure to pesticides can in certain circumstances have long-term health impacts. This is
documented in the Appendix (pp. 12-13) under the section entitled “Acute, sub-chronic and chronic
pesticide effects,” where it is noted that some acute conditions (e.g. asthma attack) can lead to
1

That is, Good Neighbor Program data for 2014 show that bifenthrin was applied to a field area of just 2 acres.
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chronic conditions, and some chronic conditions may be the result of repeated acute exposure
episodes. CFS provides a discussion of this topic, with references, in Pesticides in Paradise, Section
6.4. This could perhaps follow the section of the main report entitled “Chronic low dose pesticide
exposure” (p. 54).
Pesticides and children
JFFSG should mention an additional reason for the special vulnerability of fetuses, infants and
children to harms from pesticide exposure (p. 54) – namely, their developing physiological systems
are more susceptible to disruption than the mature systems of adults. This applies particularly to the
unborn, and has the important implication that exposure to the same pesticide at the same low level
can have very different effects depending on the developmental stage at which exposure occurs.
JFFSG for some reason qualified all studies that find associations between pesticide exposure and
childhood disease as “emerging” or “relatively new” or “evolving” research (Table 5-1 on p. 55 and
associated text). This misleadingly suggests to the reader that all research on pesticide exposure in
children is preliminary, subject to change, and hence unreliable. This is certainly not the case with
neurodevelopmental and behavioral disorders. There is a broad consensus among scientists, based
on extremely strong studies, that early life exposure to organophosphate insecticides, and in
particular chlorpyrifos, cause serious neurocognitive deficits. EPA first restricted chlorpyrifos use
15 years ago, when its adverse effects were already evident, and recently proposed to ban
chlorpyrifos, an extreme step the Agency never takes without solid (not “evolving”) research. The
evidence associating pesticide exposure with childhood leukemia is also strong and long-standing.
JFFSG should remove weakening qualifiers such as “new,” “emerging” and “evolving” in describing
the neurocognitive and cancer impacts of pesticide exposure in children.
Kaua‘i data
As JFFSG notes: “If pesticide exposure occurs primarily through chemical drift and dust, then only
populations in the immediate surrounding area of spraying or those located in the down-wind areas
from application should be surveyed for exposure. Tabulating all illnesses from the entire area
dilutes the potentially harmful effects of the pesticides studies (Appendix, p. 125).
Yet much of the reporting on disease incidence on Kaua‘i involves extremely large geographic areas,
such as “West Kaua‘i” (e.g. birth defects data) that encompasses nine zip codes including nearly all
of southern Kaua‘i as well; or similarly “Lihue-Waimea” (prostate cancer data). We urge JFFSG,
wherever possible, to report Kaua‘i health data for the smallest units possible centering on Waimea
and surrounding areas where seed companies maintain fields. This would provide the best chance
of discovering potential health effects by mitigating the “dilution” effect noted above.
Birth defects
JFFSG should include in the main report that the U.S. national birth defect rate is 3% (this is already
in the Appendix, p. 113).
Adverse birth outcomes
JFFSG states that the specific pesticides associated with low birth weight seem to be primarily legacy
products such as DDT that are no longer used (p. 58). In fact, a considerable number of studies
have associated in utero exposure to organophosphate insecticides with low birth weight and/or
delivery of small for gestational age (SGA) babies (Perera et al 2003; Wolff et al 2007; Eskenazai et
al. 2004; reviewed in Roberts and Karr 2012). There is also evidence of similar outcomes for in utero
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exposure to atrazine (Chevrier et al. 2011; Villanueva et al 2005). Thus, JFFSG should not limit the
association of these adverse birth outcomes to primarily legacy pesticides.
Illness episodes at Waimea Canyon Middle School
The critical information that JFFSG does not report but should add to the main report is that
stinkweed “odors” have never been documented to cause the severe symptoms reported by the
Kaua‘i victims (Milton Clark’s report, Appendix, pp. 150-160); while these same reported symptoms
are extremely common side effects of exposure to many different kinds of pesticides (Roberts and
Karr 2012, Table 2). If stinkweed odors at concentrations to be found in the open air do not cause
nausea, vomiting and the other symptoms, then it matters little whether first responders smelled
something like stinkweed or not when they arrived at the school. If one assumes stinkweed odors
were present, they may even have masked the smell of a pesticide that did cause the symptoms.
This section should be rewritten to include the best available information for the number of people
sickened in each episode, broken down by children, teachers, personnel; the number hospitalized; a
thorough description of their symptoms and any treatment (e.g. nebulizer) they received; a full list of
pesticides applied on the days of the two episodes and in the period of time preceding them; and a
description of side effects from inhalation of those pesticides from corresponding labels, Material
Safety Data Sheets, medical literature or other valid sources (e.g. Roberts and Karr 2012, Table 2).
JFFSG should state in the main report that UH monitoring in 2010 found a peak concentration of
stinkweed volatile MITC at Waimea that was 230-fold below California health screening levels
(Milton Clark’s report, Appendix, pp. 159-160); this is needed to balance a similar statement with
regard to the pesticides detected. JFFSG should explicitly acknowledge that even if stinkweed were
established as the cause of an “odor” (and there is dispute on this point), this does not mean that it
caused the severe symptoms. In general, Milton Clark’s fact-based testimony should be better
incorporated into the discussion in this section.
REGULATION AND OVERSIGHT
The California model
JFFSG holds up California’s pesticide regulatory and oversight system as “exemplary” (Appendix, p.
27), and recommends that the Hawai‘i Department of Agriculture and the Pesticide Advisory
Committee consult it in the process of revising Hawai‘i’s regulatory system. Key aspects of
California’s system that Hawai‘i should emulate or exceed are: 1) Mandatory collection of full data
on use of all pesticides, not just RUPs, and full disclosure of same to the public; 2) California’s Air
Monitoring Network; 2 and 3) California’s Pesticide Illness Surveillance Program (PISP), which
contains data on complaints of pesticide-induced illness dating back to 1992. 3 PISP information is
publicly accessible in an on-line, searchable database, and is supplemented with annual reports. We
urge JFFSG to add an additional recommendation that the Hawai‘i State government establish such
a surveillance program. In addition, California is presently moving towards additional restrictions on
use of pesticides near schools, as well as more comprehensive posting and notification rules for
anyone living near sites of application. JFFSG should investigate and describe these pending actions
in the main report.
2
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See http://www.cdpr.ca.gov/docs/whs/pisp.htm.
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JFFSG should revise and expand the section in the main report that compares the pesticide
regulatory systems of California and Hawai‘i to better reflect the breadth and scope of California’s
system. The color-coded table lacks sufficient information to be comprehensible and is confusing to
readers. JFFSG should specify the Hawai‘i state law or regulation that justifies its coding of Hawai‘i
“online reporting” as “mandatory” for “all known RUP records, reports and forms.”
Inaccurate statements about EPA regulation
The discussion of the saying “the label is the law” gives a greatly exaggerated impression of the
degree of compliance with pesticide label provisions (Appendix, p. 6). JFFSG should note that there
is evidence for frequent label violations in the realm of pesticide use, on Hawai‘i and elsewhere. To
take one example, the Association of American Pesticide Control Officials, an organization of state
pesticide regulators, testified to EPA that it “has experience that supports that there are numerous
pesticide applications made when it is too windy” (i.e. application in violation of label-specified
maximum wind speed) (AAPCO 2002; cited in Pesticides in Paradise, Section 8.1.1).
JFFSG should remove the inaccurate statement that EPA’s pesticide registration process is
“precautionary” based on the statement that “until a pesticide has been sufficiently studied, it
doesn’t warrant registration” (Appendix, pp. 8-9). EPA regulates according to a risk-benefit
standard that weighs economic benefits of a pesticide’s use against proven or potential harms. For
this reason, and because of deficiencies in EPA’s assessment process and the pesticide industry’s
political influence, EPA has a long record of approving hazardous pesticides. The fact that
chlorpyrifos has remained registered for many years despite its demonstrated neurobehavioral harms
to infants and young children is just one example of EPA’s lack of “precaution.”
JFFSG states that “EPA creates toxicity tolerance levels by setting an aggregate, non-occupational
exposure and establishing the cumulative effects from exposure to different pesticides ….”
(Appendix, p. 17, emphasis added). In fact, EPA considers cumulative effects from exposure to
different pesticides only in the rare cases when those “different pesticides” belong to a single
pesticide class for which the Agency has made the explicit determination that individual pesticides of
the class share a common mechanism of toxicity, which the Agency has done for only five classes of
pesticide. 4 The cumulative effects of “different pesticides” are NOT assessed when they belong to
different pesticide classes; or to a single pesticide class other than those five cited in the footnote.
The EPA gives far too little consideration to the additive and synergistic impacts that can occur
upon exposure to multiple pesticides, an area that merits increased scrutiny and regulation (e.g.
Zaunbrecher et al. 2016). See also Pesticides in Paradise, Section 7.3, for studies demonstrating
cumulative effects of different pesticides not considered by EPA (e.g. atrazine/chlorpyrifos re:
aquatic invertebrates and frogs).
In the section entitled “EPA Drinking Water Regulations” (Appendix, p. 43), we urge JFFSG to
revise the discussion to clearly explain the distinct meanings of MCLG and MCL, as defined in
footnotes to the table on the same page. Suggested language follows:
“The level of a drinking water contaminant below which there is no known or expected health risk is
known as the maximum contaminant level goal (MCLG), and is not legally enforceable. The EPA
sets legally enforceable limits for contaminants, known as maximum contaminant levels (MCLs),
4
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that are set as close to MCLGs as feasible using the best available treatment technology and taking
cost into consideration.”
Miscellaneous
JFFSG should remove or revise the paragraph speculating that the endocrine-disrupting impacts of
birth control pills in water may “dwarf” those of atrazine use (Appendix, pp. 13-14). The paper
cited for this statement (Bhandari et al. 2015) explores epigenetic, transgenerational effects of
bisphenol A and ethinylestradiol on medaka (a type of fish), and has not a single word to say about
atrazine, much less the magnitude of its endocrine-disrupting effects relative to estrogen from birth
control pills. Entirely undocumented speculation of this sort has no place in JFFSG’s report.
JFFSG reports that “[t]he Good Neighbor Program includes 2 buffer zone requirements”
(Appendix, pp. 31-32). However, the first “buffer zone” is actually a “notification zone” within the
bounds of which a pesticide is sprayed following notification. Because “buffer zone” is used to
designate “no-spray zone,” JFFSG should re-label this zone a “notification zone” to avoid
confusion.
JFFSG says: “Seed companies have also been implementing voluntary buffer zones. These zones
may vary but 660 feet was stated as an example of typical distances ” (Appendix, p. 32, emphasis
added), but also “No existing maps showing the buffer zones were located” (Appendix, p. 31). In
the absence of maps or other solid evidence of the existence and size of any buffer zones that may
be implemented by the seed companies in their various fields, loose talk of “typical” distances that
“may vary” without any geographical reference or documentation is unacceptable. We recommend
that JFFSG remove this section, or alternately to rephrase appropriately, for instance as follows:
“Seed companies report that they implement voluntary buffer zones, however no maps were found
showing where the reported buffer zones were located; and there is also no documented
information on their size.”
Organophosphates put endangered species at risk
The EPA recently found that 97% of more than 1,700 animals and plants protected under the
Endangered Species Act are likely to be harmed by malathion and chlorpyrifos, while another 79%
are likely to be harmed by diazinon (CBD 2016). Given the wealth of threatened and endangered
species in Hawai‘i, and the extremely intensive use of chlorpyrifos, we urge JFFSG to address this
finding in the main report.
RECENT PESTICIDE DEVELOPMENTS
Glyphosate
We recommend that JFFSG balance out its discussion by giving a fuller explanation of IARC’s
determination, and also provide references to IARC’s decision, as has been done for those of the
German pesticide regulator, BfR (three references) and EFSA (one reference). Here is possible
additional language:
“WHO’s International Agency for Research on Cancer categorized glyphosate as a “probable human
carcinogen” (Group 2A) after an exhaustive evaluation of relevant studies. The determination was
based on three classes of evidence: 1) Sufficient evidence that glyphosate causes cancer in animals; 2)
Limited evidence that glyphosate causes non-Hodgkin’s lymphoma, a cancer, in farmers; and 3)
Strong evidence that glyphosate damages DNA and causes oxidative stress, two pathways to cancer
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(Guyton et al. 2015). IARC relied in part on a study that the U.S. EPA also regarded as evidence of
glyphosate’s carcinogenic potential in the 1980s (IARC 2015a, 2015b). Ninety-four (94) medical
scientists recently published a peer-reviewed paper defending IARC’s determination that glyphosate
is a probable human carcinogen and criticizing EFSA’s contrary position on glyphosate.”
Glyphosate has not been deemed “safe” by regulators, and this passage should be stricken. EPA
employs a risk-benefit approach to pesticides according to which a pesticide is registered under
federal law (Federal Insecticide, Fungicide and Rodenticide Act) if it is judged not to pose “an
unreasonable adverse effect on the human environment.” Adverse effects on the “human
environment,” which encompasses human (particularly farmer) health, can be “reasonable” if
counterbalanced by putative economic benefits. The fact that EPA registers a pesticide as general
use rather than restricted use is not equivalent to deeming it “safe.”
Under “Studies which show risk,” an important class of evidence (tumors in animals) is missing.
Please add/rephrase first sentence as follows: “…associated with the following: tumors in laboratory
animals, the cancer non-Hodgkin’s lymphoma in farmers, cellular DNA damage….”
Chlorpyrifos
JFFSG should provide a fuller discussion of the chlorpyrifos poisoning symptoms suffered by the
Syngenta employees following the episode on Kaua‘i on January 20, 2016. JFFSG maintains that
three of the ten employees were hospitalized overnight “because of symptoms such as headaches,”
but headaches are not normally sufficient reason for hospitalization. No privacy considerations
prevent a full reporting of the symptoms (obtained from the treating physician(s) or the victims), as
long as names are not released. As with the Waimea School episodes, JFFSG needs to do a better
job of reporting the acute effects of known episodes of pesticide exposure. JFFSG should also
describe EPA’s planned investigation of the incident. JFFSG should also provide a summary of
other worker protection standard enforcement actions involving pesticides that have been
undertaken in the recent past.
Enlist Duo
The treatment is inaccurate in places, biased and incomplete. At the end of the first paragraph,
JFFSG should mention that GE crops resistant to many herbicides, including 2,4-D and glyphosate,
have been field-tested in Hawai‘i (see Pesticides in Paradise, Section 3.4, based on USDA data).
JFFSG should also include the following relevant information.
EPA manipulated the science to justify overlooking 2,4-D’s kidney toxicity in laboratory animal
experiments in the context of its Enlist Duo review (Callahan 2015), and a meta-analysis of cancer
epidemiology found that 2,4-D exposure is associated with a higher incidence of non-Hodgkin’s
lymphoma, an immune system cancer, in farmers (Schinasi and Leon 2014).
JFFSG should remove the following entirely speculative and undocumented assertion: “However, it
is sure to create anxiety for the agriculture industry since many weeds have become resistant to
glyphosate, commonly used on genetically modified corn and soybeans.” Actually, farmers burned
by Monsanto’s sales pitch that using glyphosate alone with Roundup Ready crops would NOT lead
to glyphosate-resistant weeds (Hartzler 2003, Hartzler et al. 2004) are proving to be more skeptical
of Dow’s marketing of Enlist crops and Enlist Duo as the “solution” to glyphosate-resistant weeds
(Stecker 2015). Farmers at least seem to have more “anxiety” about exacerbating, with the Enlist
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system, the resistant weed epidemic that was triggered with Roundup Ready crops than about being
unable to access Enlist Duo.
JFFSG should also objectively report that scientists as well as sustainable farming advocates are
skeptical of and/or opposed to Enlist crops and Enlist Duo (and similar multiple herbicide-resistant
crop systems) because of concerns over impacts to human health, the environment, drift damage,
emergence of 2,4-D resistance in weeds, rising costs for farmers, among other concerns. Even
USDA has conceded that the Enlist system will lead to greater selection pressure for 2,4-D-resistant
weeds; 5 this is not merely the “claim” of “critics,” it is a view shared by most weed scientists (e.g.
Mortensen et al. 2012; Harker et al. 2012; Keim 2014a, 2014b).
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April 8, 2016
TO:
The Joint Fact Finding Study Group
FROM: Center for Food Safety
RE:
CFS comments on Pesticide Use by Large Agribusinesses on Kauai
Center for Food Safety (CFS) submits the following comments on the Joint Fact Finding Study
Group’s (JFFSG’s) draft report entitled Pesticide Use by Large Agribusinesses on Kauai. These
comments contain fuller detail on several issues discussed in joint comments submitted by CFS
together with other organizations.

Kauai seed corn vs. mainland field corn
The comparison between RUP use on Kauai seed corn and mainland field corn (pp. 27-30,
Tables 3-2 and 3-3) is highly misleading because no data are provided on acres treated, but
rather only rate per treated acre (lbs./acre/year). For instance, a reader who consults Table 3-3
comes away with the impression that bifenthrin is the most intensively used RUP on Kauai
because it is applied at 5.36 times the rate that it is used on mainland corn (the highest multiple
for any Kauai RUP). However, this impression is false. Bifenthrin is the least used of the 15
RUPs on Kauai, applied to only 2 field acres (see below). This is why standard reporting on
pesticide usage includes both rate and acres treated. For instance, USDA’s National Agricultural
Statistics Service reports rate and “percent area treated,” or in other words the percentage of
overall planted crop acres that are treated with the pertinent pesticide. A related metric is
“acre-treatments,” as used for example by USDA’s Economic Research Service (USDA ERS Pest
Management 2000).
CFS agrees with JFFSG that the total weight or composite rate of all RUPs used on Kauai is not
the most informative way of reporting pesticide use (Table 3-2, p. 28), which is why CFS
reported usage of individual RUPs in Figure 16 of Pesticides in Paradise. Combining herbicides
and insecticides is particularly problematic, since the former tend to be used at much higher
rates than the latter. CFS reported its estimate that restricted use insecticides are applied on
Kauai corn at 17 times the rate (averaged over an estimated 12,500 acres of seed company
land) as the same insecticides are used on the mainland corn (averaged over all corn acres)
(Pesticides in Paradise, Section 4.4, Table 7).
JFFSG mistakenly criticizes our estimate as follows: “However the CFS summed the usages of
ten RUIs for Kauai growers, but only seven of these same RUIs for the mainland growers” (p.
28). This implies that we mistakenly or intentionally left out three mainland RUIs, which is not
the case. The USDA did not report any mainland usage of the three “missing” RUIs in question

1

in 2010.1 Methomyl usage was not surveyed, indicating that it was not used or used so little on
mainland field corn as not to be worth surveying. So few farmers used either
chlorantraniliprole or esfenvalerate that USDA “withheld [use amounts] to avoid disclosing data
for individual operations.”2 Thus, our estimate is not impaired by not counting three RUIs for
which usage is unavailable because insignificant.
JFFSG’s second criticism is that we relied on assumptions about the acreage of corn planted and
sprayed, which we freely admitted in the report and in supporting material we provided JFFSG.
The assumptions would not have been necessary had the seed industry provided fuller
information, but in any case our estimates were not far off JFFSG’s figures. In the end, our
assessment more accurately reflects the intensive application of restricted use insecticides on
Kauai than JFFSG’s “rate-only” approach.
Below, we provide a new estimate of RUI intensity using 2014 pesticide use figures for
mainland corn and JFFSG’s figures for harvested seed corn and seed company holdings on
Kauai. We also provide figures for each RUI separately, in line with JFFSG’s recommendation.
Based on this new estimate, which agrees quite well with the one we made in our report, and
the explanations give above, we request that JFFSG make the following revision at page 28:
Correction / revision requested
“Based on this analysis they estimated that Kauai seed companies use 17 times the rate of RUIs
as mainland field corn farmers (Hawaii Center for Food Safety 2015). The major reasons for the
disparity are that Kauai seed corn receives on average six to seven-fold more RUI applications at
1-3-fold higher rates than mainland corn.”
New estimate agrees with old
The table below shows aggregate data from the Good Neighbor Program for the ten RUIs used
on Kauai in 2014. If one makes the reasonable assumption that these RUIs were not applied to
fallow land but rather only to seed corn, then the average acre of corn received about 1
application of chlorpyrifos (1,868 total acres/1,841 harvested acres); 1.8 applications of lamdacyhalothrin (3,293/1,841); 0.41 applications of methomyl (758/1,841), etc. If one sums the
total area for the ten RUIs, Kauai seed corn was treated on average 6 times with an RUI active
ingredient3 (11,116 total area/1,841 harvested area) in 2014. However, these treated corn
fields are patches that comprise about 14% of the seed company’s land (1,841/13,549 acres).

1

We used USDA data for pesticide use on corn in 2010, the latest available data at the time we drafted the report.
(USDA no longer surveys pesticide use on all crops every year.) 2014 data became available for corn last year, and
it is very similar to 2010 data. We analyze it below.
2
CFS is submitting together with these comments a spreadsheet under the filename “USDA NASS Corn Pesticide
2010 and 2014” to support this statement. As documented in the ReadMe worksheet of this file, USDA used the
abbreviation “(D)” for chorantraniliprole and esfenvalerate; and D denotes pesticides for which usage data are
withheld to avoid disclosing data for individual operations.
3
Note that “6 times” could mean 6 applications of single active-ingredient insecticide formulations; 3 applications
of insecticide formulations with 2 RUI active ingredients; etc.

2

Averaged over all seed company lands, an average of 0.82 RUI applications were made
(11,116/13,549).

Restricted Use Insecticide Applications on Kauai - 2014
Restricted use insecticide
Beta-cyfluthrin
Bifenthrin
Chlorantraniliprole
Chlorpyrifos
Esfenvalerate
Lambda-cyhalothrin
Methomyl
Permethrin
Tefluthrin
Zeta-cypermethrin
TOTAL RUIs

Field area
(acres)
561
1.9
1239
1769
524
3070
758
854
175
1429
10380

Total area
(acres)
614
3.7
1320
1868
566
3293
758
913
175
1605
11116

In contrast, USDA data show that the great majority of mainland field corn is not sprayed with
any restricted use insecticide. The 2014 figures reproduced below show that each of the Kauai
RUPs is applied (once) to from less than 0.5% to at most 4% of mainland corn acres. Summing
the figures for each RUI gives 13%, which translates to an average of 0.13 RUI applications
averaged over all mainland corn acres.

Mainland Use of Kauai Restricted Use Insecticides - 2014
Restricted use insecticide
Beta-cyfluthrin [+cyfluthrin]:
Bifenthrin
Chlorantraniliprole
Chlorpyrifos
Esfenvalerate
Lambda-cyhalothrin
Methomyl
Permethrin
Tefluthrin
Zeta-cypermethrin
TOTAL RUIs

4

% corn acres treated
3%4
4%
-< 0.5%
< 0.5%
2%
-1%
2%
1%
13%

USDA’s 2014 report has entries for both beta-cyfluthrin (1%) and cyfluthrin (2%), which have been totaled here.

3

Comparison Kauai vs. mainland
Six to seven times (O.82/0.13) more RUI applications are made to Kauai seed corn (averaged
over seed company holdings) than to mainland field corn (averaged over all mainland corn). If
one exclude bifenthrin (applied to only 2 acres on Kauai), RUI rates range from about 1 to 3.3
times higher on Kauai than on the mainland (Table 3-3).

Include section describing spray and vapor drift of various pesticides used on
Kauai
Some pesticides are more likely to drift and cause adverse effects than others. The main report
lacks any real discussion of this topic. California maintains a searchable database on complaints
of pesticide-induced illness known as the Pesticide Illness Surveillance Program (PISP). PISP
represents one of the most comprehensive sources of empirical data on pesticide-induced
illness in the country and likely the world, and has records dating back to 1992.
We suggest that JFFSG assess pesticides used on Kauai for the drift threat they pose to human
health by evaluating: 1) How frequently they have been cited in complaints of pesticide illness
in California’s PISP; and 2) How heavily they are used on Kauai, as measured by field area
treated.
CFS conducted a search of PISP in the summer of 2014 for complaints of illness attributable to
drift from agricultural use of pesticides in California covering 1992 to 2011 (records for years
2012 and later were not available then). We are submitting with these comments the Excel
spreadsheet with the results of our search; and a pdf document describing the highlights.
Filenames
CA PISP 1992-2011.xlxs
CA PISP 1992-2011.pdf.
Of the Hawaii RUPs, the most frequently cited culprit by far was chlorpyrifos (cited 603 times,
alone or in combination with other pesticides). Chlorpyrifos is also of course one of the most
heavily used RUPs on Kauai, as measured by total area applied to (1,868 acres). Other Kauai
RUPs frequently implicated in pesticide drift-induced illness in California include methomyl
(125), esfenvalerate (108), cyfluthrin (63), permethrin (63), zeta-cypermethrin (36), bifenthrin
(22), chlorantraniliprole (20) and lamda-cyhalothrin (20). All but bifenthrin are used heavily on
Kauai.
By these two metrics, then, chlorpyrifos poses by far the greatest threat to human health from
drift of RUPs used on Kauai, as also suggested by Milton Clark’s assessment of chlorpyrifos drift
(Appendix, pp. 106ff). In light of this evidence, we urge JFFSG to remove the totally inaccurate
statement with respect to chlorpyrifos that “risk of exposure was essentially non-existent
through this means of drift” (Appendix, p. 15).
4

Filenames and descriptions of submitted documents
CA PISP 1992-2011.xlxs – described above
CA PISP 1992-2011.pdf – described above
DuPont-Pioneer Pesticides Kauai 2007-12 – list of pesticides used by DuPont-Pioneer and
frequency of application by class of pesticide (referred to in joint comments from CFS and other
organizations, submitted previously)
USDA ERS Pest Management 2000 – use of “acre-treatment” metric to describe pesticide use
USDA NASS Corn Pesticide 2010 and 2014 – spreadsheet with USDA pesticide use data on corn
for 2010 and 2014

We would be happy to answer any questions you may have, or supply additional materials. Our
thanks to the Working Group for your hard work and dedication in drafting an excellent report.
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Bacillus thuringiensis,

Active Ingredient

Cyfluthrin, Cyhalothrin, Cypermethrin,
Esfenvalerate, Permethrin, Tefluthrin

Classification

Pyrethroid Insecticide
Organophosphorous Insecticide

Total a.i.
Applications from
2007-2013

2944

2422

Organophosphorous Herbicide

1176

1424

2295

Strobilurin Fungicide

1115

Microbiological Insecticide
4 Glyphosate, Glufosinate
5 Azoxystrobin, Pyraclostrobin

Chloroacetanilide Herbicide

10 Acetamiprid, Imidacloprid
11 Diquat dibromide, Paraquat Dichloride

9 Propiconazole

8 Carbaryl, Methomyl, Thiodicarb

Unclassified Insecticide (Soap)

Petroleum Extract Insecticide

Chlorotriazine Herbicide

Quaternary Ammonium Herbicide

Nicotinoid Insecticide

Conazole Fungicide

Carbamate Insecticide

281

336

354

399

513

581

586

770

1092

12 Atrazine, Simazine

Unclassified Herbicide

258

Macrocyclic Lactone Insecticide

13 Petroleum Extract, Oil
14 Fatty Acids, salts

Botanical Insecticide

222

Spiromesifen, Spinosyn/Spinosad,
Spinetoram

15 Bentazon

Diamide Insecticide

28 Metribuzin
29 Methyl anthranilate

27 Methoxyfenozide

25 Naphthalene
26 Mesotrione

24 Sethoxydim

22 Copper Hydroxide
23 Chlorothalonil

21 Mancozeb

19 Pendimethalin
20 Bromoxynil

Phenoxypropionic Herbicide

Imidazolinone Herbicide

Bird Repellant

Triazinone Herbicide

Growth Regulator Insecticide

Benzoylcyclohexanedione Herbicide

Petroleum Extract Insecticide

Cyclohexenone Herbicide

Substituted Benzene Fungicide

Copper Fungicide

Dithiocarbamate Fungicide

Nitrile Herbicide

Dinitroaniline Herbicide

5

7

10

14

17

18

27

35

35

37

57

123

129

144

192

30 Imazamox, Imazethapyr

Benzoic Acid Herbicide

1

Sulfonylurea Herbicide

31 Fluazifop-P-butyl, Quizalofop p-ethyl
32 Dicamba

Sulfite Ester Acaricide

methyl, Tribenuron methyl

33 Propargite

18 Halosulfuron-methyl, Thifensulfuron-

16 Herbal Mix, Azadirachtin
17 Chlorantraniliprole

7

6 Alachlor, s-Metolachlor

3 Bacillus thuringiensis, Streptomyces lydicus

2 Chlorpyrifos, Dimethoate, Malathion

1

Pesticides Applied 65% of days between February 2007 to 2012

Pesticides Formulations - About 90
Active Ingredients - 60+

The
following
list was
obtained
by
plaintiffs'
attorneys
in lawsuit
by
Waimea,
Kaua'i
residents
against
Pioneer, a
subidiary
of Dupont,
and other
defendants
. The list
includes
both
restricted
us and
general
use
chemicals.
For a
downloada
ble,
printable
version,
click here.
http://medi
a.wix.com/
ugd/5f73cf
_57150ac9
3e104deea
8dba0df91
057717.pdf

4.3 Pest Management Practices
Insects, disease, and weeds cause significant yield and quality losses to U.S. crops. Pesticides, one option to
combat pest damage, have been one of the fastest growing agricultural production inputs in the post-World War
II era, and have contributed to the high productivity of U.S. agriculture. Herbicides and insecticides account
for most pesticide use, but the recent increase in pounds of pesticide used is mostly for fungicides and other
pesticide products applied to high-value crops. Pesticide expenses have increased from 4 to 5 percent of total
production expenses during the 1990's. Many scientists recommend greater use of biological and cultural pest
management methods. Major innovations have been the development of genetically engineered herbicidetolerant varieties, which allow more effective use of herbicides, and plant pesticides, which reduce the need for
chemical applications. Government programs to encourage the development and use of biological and cultural
methods include areawide pest management, integrated pest management (IPM), national organic standards,
and regulatory streamlining for biological pest control agents.
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Approximately 600 species of insects, 1,800 species of plants, and numerous species of fungi and nematodes are
considered serious pests in agriculture (Klassen and Schwartz, 1985). If these pests were not managed, crop
yields and quality would drop, likely increasing production costs and food and fiber prices. Producers with
greater pest problems would become less competitive.
Synthetic pesticides are used on the majority of acreage of most major crops. Approximately $8.8 billion was
spent in the United States on agricultural pesticides in 1997. Herbicides account for about two-thirds of the
agricultural expenditures for pesticides, while insecticides account for about one-fifth (Aspelin, 1997). Many
growers also use scouting, economic thresholds, pesticide-efficiency techniques, or cultural practices.
Biological control methods, such as Bacillus thuringiensis applications and trap cropping, which use living
organisms and strategic cropping to combat pest damage, are not as widely used (see box, AGlossary of Pest
Management Practices@).
Cultural and biological techniques were the primary methods used to manage pests in agriculture for thousands
of years. Prior to the development of synthetic pesticides following World War II, farmers controlled weeds by
tillage, mowing, site selection, crop rotation, use of seeds free of weed seeds, and hoeing or pulling by hand.
Insect pests and diseases were controlled through crop variety selection, crop rotations, adjustment of planting
dates, and other cultural practices, but the risk of severe infestations, yield losses, and even abandoned
production was still ever-present. U.S. farmers began shifting to chemical methods upon the successful use of a
Agricultural Resources and Environmental Indicators, chapter 4.3, page 1

Glossary of Pest Management Practices
Chemical Methods
Pesticides -- The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) defines a pesticide as Aany substance or mixture of
substances intended for preventing, destroying, repelling or mitigating any pest, and any substance or mixture of substances
intended for use as a plant regulator, defoliant, or desiccant.@
Fungicides -- Control plant diseases and molds that either kill plants by invading plant tissues or cause rotting and other
damage to the fruit before and after it can be harvested.
Herbicides -- Control weeds that compete for water, nutrients, and sunlight and reduce crop yields.
Insecticides -- Control insects that damage crops. Also include materials used to control mites and nematodes.
Other pesticides -- Include soil fumigants, growth regulators, desiccants, and other pesticide materials not otherwise
classified.
Banded pesticide application -- The spreading of pesticides over, or next to, each row of plants in a fields. Banding herbicides
often requires row cultivation to control weeds in the center of rows.
Broadcast pesticide application -- The spreading of pesticides over the entire surface area of the field.
Pre-emergence herbicides -- Herbicides applied before weeds emerge. Pre-emergence herbicides have been the foundation of rowcrop weed control for the past 30 years.
Post-emergence herbicides -- Herbicides applied after weeds emerge. Post-emergence herbicides are considered more
environmentally sound than pre-emergence herbicides because they have little or no soil residual activity.
Decision Criteria and Information
Economic thresholds B Levels of pest population that, if left untreated, would result in reductions in revenue that exceed treatment
costs. Economic thresholds are used to decide if pesticide treatments or other pest management practices are economically
justified. The decision generally requires information on pest infestation levels from scouting or monitoring.
Expert systems -- Computer software packages that integrate information about pest density, economic thresholds, application
methods, and other factors to help farmers decide when to treat, what pesticides or practices to use, and how much to use.
Scouting/Monitoring -- Checking a field for the presence, population levels, activity, size, and/or density of weeds, insects, or
diseases. A variety of methods can be used to scout a field. Insect pests, for example, can be scouted by using sweep nets, leaf
counts, plant counts, soil samples, and general observation.
Cultural Methods
Crop rotation -- Alternating the crops grown in a field on an annual basis, which interrupts the life cycle of insect or other pests by
placing them in a nonhost habitat. Crop rotations can have other benefits such as enhanced fertility and reduced financial risk.
Planting and harvesting dates -- Alterations of planting or harvesting date to avoid damaging pest infestations. Delayed planting of
fall wheat seedlings may help avoid damage from the Hessian fly, for example.
ContinuedÖ
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Glossary of Pest Management Practices (continued)
Sanitation procedures -- Removing or destroying crops and plant material that are diseased, provide overwintering pest habitat, or
encourage pest problems in other ways.
Tillage B Mechanical disturbance of the soil that destroy pests in a variety of ways, for example, by directly destroying weeds and
volunteer crop plants in and around the field.
Water management -- Water can be used as a pest management technique either directly, by suffocating insects, or indirectly, by
changing the overall health of the plant.
Biological Methods
Beneficials -- Pest predators, parasites, and weed-feeding invertebrates that are used to control crop pests and weeds.
Biochemical agents -- Materials such as semiochemicals, plant regulators, hormones, and enzymes. Many of these agents must be
registered as pesticides under FIFRA.
Semiochemicals -- Pheromones, allomones, kairomones, and other naturally or synthetically produced substances that modify
insect behavior and interfere with reproduction.
Habitat provision for natural enemies -- Growing crops and/or developing wild vegetative habitats to provide food (pollen,
nectar, nonpest arthropods) and shelter for the natural enemies of crop pests.
Hostplant resistance or tolerance -- Genetic resistance or tolerance helps to reduce damage from insects, disease, or other pests
without the use of a pesticide. Resistance can be developed through plant breeding or genetic engineering.
Microbial pest control agents -- Bacteria, such as Bacillus thuringiensis, viruses, fungi, protozoa and other microorganisms or
their byproducts. Many of these must be registered as pesticides under FIFRA.
Bacillus thuringiensis (Bt) -- Bacteria that are used to control numerous larva, caterpillar, and insect pests in agriculture; Bt
varieties kurstaki and aizawai are commonly used strains. In addition, some new varieties of corn contain natural genes and genes
produced from the soil bacteria Bt to give them host-plant resistance to certain insect pests.
Sterile male technology -- The male of the pest species is produced with inactive or no sperm, and is used to disrupt reproduction
in the pest population.
Trap cropping -- Planting a small plot of a crop earlier than the rest of the crop in order to attract a particular crop pest; the pests
are then killed before they attack the rest of the crop.
Integrated Pest Management (IPM)
An approach or strategy to managing pests that combines a variety of practices, such as biological practices, cultural practices,
pesticides, monitoring and thresholds. The approach often considers the population dynamics of pests and their natural enemies
and the effects of controls on agroecosystems to manage pests more efficiently. Some variations of this approach seek to minimize
or eliminate the use of pesticides and minimize risks to human health and the environment. For the USDA IPM Initiative, IPM is
defined as Athe judicious use and integration of various pest control tactics in the context of the associated environment of the pests
in ways that complement and facilitate the biological and other controls of pests to meet economic, public health, and
environmental goals.@

Agricultural Resources and Environmental Indicators, chapter 4.3, page 3

natural arsenic compound to control Colorado potato beetles in 1867 (National Academy of Sciences, 1995) and
the inception of USDA=s chemical research program in 1881 (Klassen and Schwartz, 1985). Arsenicals, copper
compounds, and sulfur were commonly used. Farmers adopted synthetic pesticides quickly after commercial
introduction in the 1940's because they were inexpensive, effective, and easy to apply (MacIntyre, 1987).
Aggregate pesticide use, as measured by pounds of active ingredient, grew through the early 1980's before
stabilizing. Between 1950 and 1980, herbicide use climbed toward 100 percent of the acreage of corn,
soybeans, cotton, and many other crops, and insecticides and other pesticides were also widely used. The
increases in crop yields throughout this century have been partly credited to pesticide technology. The benefits
of individual pesticides, the value of production that would be lost if alternatives were less effective, and the
additional pest management costs if alternatives were more expensive have been shown in numerous studies
(Osteen, 1987; Fernandez-Cornejo and others, 1998a).
However, pesticide use has raised concerns about health risks from pesticide residues on food and in drinking
water and about the exposure of farmworkers when mixing and applying pesticides or working in treated fields.
Pesticide use has also raised concerns about impacts on wildlife and sensitive ecosystems. Some pesticide
applications are counterproductive because they kill beneficial species, including natural enemies of pests, and
engender pest resistance to pesticides. The benefits of pesticide use and costs to human health and the
environment have been difficult to quantify. An alternative method that is more expensive or less effective than
pesticides might be economically justified when weighed against the indirect costs of pesticides (see box, ìWhy
Reduce Reliance on Pesticides?î)
The National Research Council concluded in 1995 that pest resistance and other problems created by pesticide
use had created an Aurgent need for an alternative approach to pest management that can complement and
partially replace current chemically based pest-management practices@ (National Academy of Sciences, 1995).
Government programs and activities were initiated to encourage increased use of integrated pest management
(IPM) and other strategies to reduce pesticide use and risks, and to promote research and implementation of
biological and cultural controls (Jacobsen, 1996; Browner, 1993).
Pesticide Use on Major Crops
Pesticide use has conventionally been measured in pounds of active ingredients applied and acres treated in
order to assess the adoption and intensity of pesticide use, compare use between commodities or production
regions, and analyze the cost of pesticides as a production input. These measurements, however, do not capture
pesticide attributes or application practices, which influence health or environmental risk. New products and the
related changes in intensity of treatment, rather than treatment of additional acres, now account for most of the
changes in pesticide use. Product formulations have been changed in order to lessen environmental and human
health effects, to reduce development of pesticide-resistant pests, and to provide more cost-effective pest
control.
Quantities of Pesticide Use
Synthetic pesticides were developed for commercial agriculture in the late 1940's and 1950's and were widely
adopted by the mid-1970's. USDA=s benchmark surveys of pesticide use by farmers show the quantities applied
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Why Reduce Reliance on Pesticides?
Concern about the side effects of synthetic pesticides began emerging in scientific and agricultural communities in the late 1940's, after problems
with insect resistance to DDT. The public became concerned about the unintentional effects of pesticide use after Rachel Carson=s book on
bioaccumulation and other potential hazards was published in the 1960's. Many unintentional effects of pesticide exposure on nontarget species
have been reported since then, including acute pesticide poisonings of humans (especially during occupational exposure), damage to fish and
wildlife, and damage to species that are beneficial in agricultural ecosystems. Since the 1960's, some pesticides have been banned, others
restricted in use, and others= formulations changed to lessen undesirable effects.
Human Health Impacts. The American Association of Poison Control Centers estimates that approximately 67,000 nonfatal acute pesticide
poisonings occur annually in the United States (Litovitz and others, 1990). However, the extent of chronic health illness resulting from pesticide
exposure is much less documented. Epidemiological studies of cancer suggest that farmers in many countries, including the United States, have
higher rates than the general population for Hodgkin=s disease, leukemia, multiple myeloma, non-Hodgkin=s lymphoma, and cancers of the lip,
stomach, prostate, skin, brain, and connective tissue (Alavanja and others, 1996). Emerging case reports and experimental studies suggest that
noncancer illnesses of the nervous, renal, respiratory, reproductive, and endocrine systems may be influenced by pesticide exposure. Case
studies, for example, indicate that pesticide exposure is a risk factor for several neurodegenerative diseases, including Parkinson=s disease and
amyotrophic lateral sclerosis, also known as Lou Gehrig=s disease (Alavanja and others, 1993). A comprehensive Federal research project on the
impacts of occupational pesticide exposure on rates of cancer, neurodegenerative disease, and other illnesses was begun about 5 years ago in
North Carolina and Iowa; about 49,000 farmers who apply pesticides and 20,000 of their spouses, along with 7,000 commercial pesticide
applicators, are expected to participate in the study (Alavanja and others, 1996).
Direct exposure to pesticides by those who handle and work around these materials is believed to pose the greatest risk of human harm, but
indirect exposure through trace residues in food and water is also a source of concern (EPA, 1987). The effects of these pesticide residues on
infants and children and other vulnerable groups have recently been addressed with a new legislative mandate in the Food Quality Protection Act
of 1996.

Environmental Quality. Documented environmental impacts of pesticides include poisonings of commercial honeybees and wild
pollinators of fruits and vegetables; destruction of natural enemies of pests in natural and agricultural ecosystems; ground- and
surface-water contamination by pesticide residues with destruction of fish and other aquatic organisms, birds, mammals,
invertebrates, and microorganisms; and population shifts among plants and animals within ecosystems toward more tolerant
species. Most insecticides used in agriculture are toxic to honeybees and wild bees, and costs related to pesticide damages include
honeybee colony losses, honey and wax losses, loss of potential honey production, honeybee rental fees to substitute for pollination
previously performed by wild pollinators, and crop failure because of lack of pollination. Approximately one-third of annual
agricultural production in the United States is derived from insect-pollinated plants (Buchman and Nabhan, 1996), and flowering
plants in natural ecosystems may not thrive because of fewer pollinators. The destruction of the natural enemies of crop pests has led to
outbreak levels of primary and secondary crop pests for some commodities, and pest management costs have increased when additional pesticide
applications have been needed for these larger or additional pest populations. Measurable costs related to pesticide residues in surface- and
groundwater include residue monitoring and contamination cleanup costs and costs of damage to fish in commercial fisheries. Bird watching,
fishing, hunting and other recreational activities have been affected by aquatic and terrestrial wildlife losses due to pesticide poisonings. The
destruction of invertebrates and microorganisms that have an essential role to healthy ecosystems is an emerging issue.
Pesticide Resistance. After repeated exposure to pesticides, insect, disease, weed, and other pest populations may develop resistance to pesticides
through a variety of mechanisms. The newer safety requirements for pesticide registration along with the increasing pace of pest resistance have
raised doubts about the ability of chemical companies to keep up with the need for replacement pesticides. In the United States, over 183 insect
and arachnid pests are resistant to 1 or more insecticides, and 18 weed species are resistant to herbicides (U.S. Congress, 1995). Cross-resistance
to multiple families of pesticides, along with the need for higher doses and new pesticide formulations, is a growing concern among
entomologists, weed ecologists, and other pest management specialists.
Emerging Issues. Important new issues are the impact of endocrine-system disrupting pesticides on human health and wildlife -- including
potential reproductive effects and effects on child growth and development (EPA, 1997), and the potential for synergistic impacts from exposure
to pesticides (Arnold and others, 1996).
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Figure 1--Conventional pesticide use on major
crops, 1964-97

Figure 2--Amount of pesticide applied and acres treated, 1997
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to major field crops, fruits, and vegetables from 1964 to 1997 (fig. 1 and table 4.3.1). The crops included in the
surveys -- corn, cotton, soybeans, wheat, fall potatoes, other vegetables, citrus, apples, and other fruit -- account
for about 70 percent of current cropland used for crops. Pesticide use on these crops grew from 215 million
pounds in 1964 to 588 million pounds in 1997. (These estimates do not include use on such crops as rice,
sorghum, peanuts, sugarbeets, sugarcane, tobacco, barley, oats, rye, other grains, nuts, hay, pasture, and range
because they were not surveyed in enough years to construct a time series. The estimates also exclude sulfur,
oils, and other nonconventional pesticides.)
Pesticide use first peaked in 1982 when cropland used for crops was at a record high. This increase in pesticide
use can be attributed to three factors: increased planted acreage, greater proportion of acres treated with
pesticides, and higher application rates per treated acre. The widespread adoption of herbicides on field crops
accounted for most of the increase. Total quantity of pesticides declined between 1982 and 1990 as commodity
prices fell and land was idled by Federal programs. In 1996, total quantity of pesticides edged above the 1982
peak (table 4.3.1), due mainly to expanded use of soil fumigants, defoliants, and fungicides on potatoes, fruits,
and vegetables. The total quantities of herbicides and insecticides dropped even with expanded crop acreage.
Also contributing to the increase were more intensive insecticide treatments on cotton and potatoes and an
increased share of wheat acres treated with herbicides (table 4.3.2, appendix table 4.3.1 hyperlinks to .xls files).
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Table 4.3.1óEstimated use of conventional pesticides on selected U.S. crops by pesticide type, 1964-97 1/
Item
Herbicides
Insecticides
Fungicides
Other pesticides
Total
Area represented
Total cropland
used
for crops
Percent of
cropland
represented 2/

1964
1966
1971
1976
1982
Million pounds of active ingredients
48.2
79.4 175.7 341.4 430.3
123.3 119.2 127.7 131.7
82.7
22.2
23.2
29.3
26.6
25.2
21.4
18.7
31.7
30.7
34.2
215 240.6 364.4 530.5 572.4
Million cropland acres
174.6
175 190.6 233.2 255.9

335

332

340

340.8

383

1990

1991

1992

1993

1994

1995

1996

1997

344.6
57.4
27.8
67.9
497.7

335.2
52.8
29.4
60.1
477.5

350.5
60
34.9
72.7
518.2

323.5
58.1
36.6
80
498.2

350.6
68.2
43.6
101.1
563.4

324.9
69.9
47.5
101
543.3

365.7
59.2
46.8
104
575.8

366.4
60.5
50.5
110.2
587.6

228.5

226

231.5

226.6

232.8

228

242.1

243.8

341

337

337

330

339

332

346

349

52
53
56
68
67
67
67
69
69
69
69
70
70
Pounds of active ingredient per planted acre
Herbicides
0.276 0.454 0.921 1.464 1.682 1.508 1.483 1.514 1.428 1.505 1.425 1.511 1.502
Insecticides
0.706 0.681
0.67 0.565 0.323 0.251 0.234 0.259 0.256 0.293 0.306 0.245 0.248
Fungicides
0.127 0.133 0.154 0.114 0.099 0.121
0.13 0.151 0.161 0.187 0.208 0.193 0.207
Other pesticides
0.122 0.107 0.166 0.132 0.134 0.297 0.266 0.314 0.353 0.434 0.443
0.43 0.452
Total
1.232 1.375 1.911 2.275 2.237 2.178 2.113 2.238 2.199 2.419 2.383 2.379
2.41
1/ Estimated use on total U.S. acreage of corn, soybeans, wheat, cotton, potatoes, other vegetables, citrus fruit, apples, and other fruits
and berries. Exclude are rice, sorghum, peanuts, nuts, sugarcane, sugarbeets, tobacco, barley, oats, rye, other grains, dry peas and beans,
hay, pasture, range, and other crops. The estimates exclude sulfur, oils, and other nonconventional pesticides. The estimates assume that
pesticide use on acreage in non-surveyed States occurred at the same average rate as in the surveyed States For fruits and vegetables, use
rates were interpolated between surveyed years.
2/ Share of total for the selected crops to total cropland used for crops.
Source: USDA, ERS, based on Lin and others (1995a) (prior to 1991): USDA survey data (following 1990).
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In 1997, corn received almost 40 percent of total pesticides applied to the major crops (fig. 2). Corn accounted
for almost 60 percent of all herbicide use and 29 percent of insecticides. Cotton accounted for over 60 percent
of insecticide use. Potatoes and other vegetables used the most fungicides, soil fumigants, desiccants, growth
regulators, and vine killers.
Herbicides. Herbicides are the largest pesticide class, accounting for 62 percent of total quantity of pesticide
active ingredients in 1997 (table 4.3.1). Weeds compete with crops for water, nutrients, and sunlight, and cause
reduced yields. Producers, in managing weeds, must consider infestation levels; weed species resistant to
specific ingredients; the effect of treatment on following crops; control of weed seed populations; and the labor
requirements, cost, and risk of using cultivation or other mechanical methods of weed control. With an increase
in corn and soybean acreage, herbicide quantities were up slightly in 1996 and 1997, but were still 15 percent
less than in 1982.
Although many herbicide active ingredients are used in agriculture, relatively few account for most of the use.
Atrazine, 2,4-D, dicamba, and trifluralin, all widely used for more than 30 years, are still four of the seven
leading herbicides in use by acreage (appendix table 4.3.2, hyperlink to .xls file, fig. 3). Atrazine, which
remains active in the soil throughout most of the growing season, is used to control many types of weeds in corn
and sorghum. Glyphosate, is used on a wide variety of crops, and its use has increased as the acreage of
genetically-engineered glyphosate-resistant crops has increased. The herbicide, 2,4-D, has been widely used on
wheat and corn, and more recently on soybeans as a preplant application with no-till. Metolachlor is widely used
as a pre-emergence treatment on corn and often mixed with other herbicides to provide a broader spectrum of
weed control. Since 1992, imazethapyr has replaced trifluralin as the leading herbicide on soybeans. Trifluralin
remains the leading herbicide used on cotton and continues to be widely used on soybeans and vegetable crops.
Insecticides. Insecticides accounted for 10 percent of the total quantity of pesticides applied in 1997 to the
surveyed crops (fig. 1). Damaging insect populations can vary annually depending on weather, pest cycles,
cultural practices such as crop rotation and destruction of host crop residues, and other factors. Insecticide use
includes both preventive treatments, which are applied before infestation levels are known, and intervention
treatments, which are based on monitored infestation levels and expected crop damages. While the quantity of
insecticides applied has been stable in recent years, it is down half from the 1960ís and early 1970ís (table
4.3.1). The drop from earlier years is primarily due to the replacement of organochlorine insecticides, used prior
to the 1970's, with other insecticides that can be applied at much lower rates. Corn and cotton account for the
largest shares of insecticide use.
Chlorpyrifos and methyl parathion are the two most widely used insecticides on the surveyed crops (fig. 4,
appendix table 4.3.3, hyperlink to .xls file). Both ingredients are organophosphates, which have been identified
by the U.S. Environmental Protection Agency (EPA) as the first family of pesticides to undergo the review of
tolerances required by the Food Quality Protection Act of 1996 (discussed in more detail under APesticide
Regulatory Issues@). Chlorpyrifos was applied to 18 percent of fruits and vegetables, 7 percent of corn, 4
percent of cotton, and 2 percent of winter wheat acres in 1997. Methyl parathion is used to control boll weevils
and many biting or sucking insect pests on cotton and other agricultural crops.
Fungicides. Fungicides, excluding seed treatments, are applied to fewer acres than are herbicides and
insecticides and account for the smallest share of total pesticide use (table 4.3.1). Fungicides are mostly used on
fruits and vegetables to control diseases that affect the health of the plant or quality and appearance of the fruit.
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Figure 3--Acres treated with commonly used
herbicides, major producing States, circa 1997

Figure 4--Acres treated with commonly used
insecticides, major producing States, circa 1997
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The 50 million pounds estimated in 1997 is up 7 percent from 1996 and 82 percent from 1990. A large share of
this increase is attributed to diseases on potatoes and other vegetables. The use of several common fungicides
used to treat potatoes for early and late blight (chlorothalonil, mancozeb, metalaxyl, and copper hydroxide) has
tripled since the early 1990=s (fig. 5). Some cotton and wheat acres are treated for diseases, but these treatments
account for only a small share of total fungicide use.
Other pesticides. Pesticides designated as Aother,@ including soil fumigants, growth regulators, desiccants, and
harvest aids, had the largest increase in use of any of the pesticide classes (table 4.3.1, fig. 1). The use of these
pesticides increased about 8 percent each year since 1990 and accounts for about one-fifth of the total pounds of
all active ingredients applied to the surveyed crops (110 million pounds in 1997). Growth regulators, desiccants,
and harvest aids, normally applied at low rates, are used to affect the branching structure of plants, to control the
time of maturity or ripening, to alter other plant functions to improve quality or yield and to aid mechanical
harvest. These materials are used extensively on cotton, which accounts for most of the acreage of Aother
pesticides@ (fig.6). Fumigants, including methyl bromide, metam sodium, chloropicrin, and dichloropropene
(1,3-D), are normally applied at very high application rates and are used mostly on potatoes, fresh-market
tomatoes, strawberries, and vegetable root crops susceptible to damage from soil nematodes and other soil
organisms. Sulfuric acid is often applied at several hundred pounds per acre to kill potato vines in order to aid
harvest. Fumigants and sulfuric acid account for over 85 percent of the quantity of Aother pesticides@ used but
less than 5 percent of the acres treated with those materials. Small changes in the use of these ingredients,
when averaged with other products applied at only a few pounds or less per acre, can grossly affect the total
quantity of pesticide use in this class.
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Figure 5--Acres treated with commonly used
fungicides, major producing States, circa 1997
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Pesticide Treatment Trends
Although the total number of acres treated with pesticides fluctuates from year to year, most changes in
pesticide use are in the pesticide ingredients applied and their time of application. USDAís Cropping Practices
(1950-95) and Agricultural Resource Management Study (1996-1997) surveys show that for most crops, the
total number of different pesticide ingredients applied to each acre has been increasing and that more of the
treatments are being applied after planting (table 4.3.2, hyperlink to .xls file). Also, herbicide and insecticide
application rates per acre-treatment decreased from 1990-97, while the number of acre-treatments per acre
increased (fig. 7).
Corn. The largest crop in the United States in terms of acreage, corn exceeds any other crop in the number of
acres treated with pesticides (table 4.3.2, hyperlink to .xls file). At least some herbicide was applied to 97
percent of the corn area in the 10 surveyed States in 1997. While amount of herbicide per acre fell slightly, the
average number of herbicide treatments and number of different ingredients grew, reflecting an increase in the
number of treatments later in the growing season and the grower=s need for more broad-spectrum weed control.
The average number of herbicide acre-treatments (number of ingredients times the number of repeat treatments)
increased from 2.2 in 1990 to 2.8 in 1997. Most of this increase results from the increased use of herbicides
after planting. During this time, the share of acres receiving herbicide treatments after planting increased from
60 percent in 1990 to 78 percent in 1997 (table 4.3.2, hyperlink to .xls file). The amount of herbicide applied
per acre has fallen with the increased use of low-rate sulfonylurea herbicides and with reduced-rate application
of atrazine and other older herbicides.
About 30 percent of the corn acreage in the 10 States surveyed received insecticides in 1997, and corn rootworm
was the most frequently treated insect. Insecticide applied to soil before or during planting kills hatching
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Figure 7--Pesticide use trends by pesticide type, 1990-97
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rootworm larvae and is a common control method, especially when corn is planted every year. Corn acreage
treated with insecticides fluctuated between 26 and 32 percent between 1990 and 1997.
Soybeans. Herbicides account for virtually all the pesticides used on soybeans (table 4.3.2, hyperlink to .xls
Agricultural Resources and Environmental Indicators, chapter 4.3, page 11

file). In the late 1980's, sulfonylurea and imidazolinone herbicides, which could be applied at less than an ounce
per acre, began to replace the older products commonly applied at 1 to 2 pounds per acre. They are now among
the most commonly used soybean herbicides and have reduced total herbicide quantities for soybeans.
However, the number of acres treated and number of treatments per acre have increased, partly due to the
growth in no-till soybean systems, which often replace tillage prior to planting with a preplant Aburndown@
herbicide to kill existing vegetation. The soybean acreage treated both before and after planting increased from
32 percent in 1990 to 48 percent in 1997.
Wheat. Wheat, one of the largest U.S. field crops, in terms of acreage, is the least pesticide-intensive. Wheat
accounted for 27 percent of the surveyed crop acreage in 1997, but received only 4 percent of total pesticides.
Herbicides were applied on 47 percent of the winter wheat and 82 percent of the spring and durum wheats (table
4.3.2, hyperlink to .xls file). Winter wheat grows through the fall and winter, and many weeds germinating in
the spring cannot compete with the established wheat. In contrast, spring wheat seedlings compete directly with
weed seedlings in the spring, and often require treatment. Like corn and soybeans, the average number of acretreatments on all wheat has increased: from 1.5 in 1990 to 2.1 in 1997 for winter wheat, and from 1.9 to 3.1 for
spring and durum wheat.
Insecticide use on wheat fluctuates with cycles of pest infestation, but it is generally well under 10 percent of the
wheat area. Large populations of Russian wheat aphid and other insect pests in 1994 and 1996 caused winter
wheat farmers to treat a larger than normal share of their acreage. Because disease-resistant varieties are used to
combat many wheat diseases, fungicides are normally applied to less than 5 percent of the wheat acres.
Cotton. Cotton is one of the most pesticide-intensive field crops grown in the United States. In 1997, 96
percent of cotton acreage received herbicides, 74 percent received insecticides, and 68 percent received other
types of pesticides (table 4.3.2, hyperlink to .xls file). Herbicides and insecticides account for about 71 percent
of the pesticides applied to cotton, while plant growth regulators, defoliants, and other pesticides used to aid
harvesting account for most of the remainder. Fungicides account for only 1 percent of all pesticides used on
cotton.
Insect infestation on cotton is much greater than on corn, soybeans, or wheat, partly due to its longer growing
season and the winter survival rates of insect eggs and larvae in warmer climates where it is grown. Although
boll weevil eradication programs have been successful in several Southern States, tobacco budworms, cotton
boll worms, thrips, and the boll weevil prevail in other States and require frequent treatments. About two-thirds
of the cotton acres are treated for these insect pests, often with repetitive treatments. Insecticide use was high in
1994 and 1995 when an average of nearly 8 insecticide acre-treatments were applied to each treated acre. While
approximately 75 percent of the acreage continued to get insecticide treatments in 1996 and 1997, the average
number of acre-treatments dropped to 5.4.
The average number of herbicide ingredients and treatments per acre increased between 1990 and 1997 and
more applications were made after planting. The number of acres treated after planting increased from 37
percent in 1990 to 62 percent in 1997 (table 4.3.2, hyperlink to .xls file). The area receiving herbicide
treatments both before and after planting nearly doubled in this time period.
Potatoes. Potatoes are among the most pesticide-intensive crops for all types of pesticides. Herbicides,
insecticides, and fungicides are each used on about 90 percent or more of the acreage, and about 65 percent
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receives a soil fumigant, growth regulator, defoliant or harvest aid (table 4.3.2, hyperlink to .xls file). The
largest increase in potato pesticides has been for treating diseases, mostly the potato blight. The share of acres
in the surveyed States receiving fungicides in 1997 was over 95 percent, up from 55 percent in 1990. Also, the
average number of fungicide acre-treatments increased from 3.5 to 7.8 between 1990 and 1997. Soil fumigants
and defoliants or vine killers account for the largest amount of pesticides used on potatoes, but they were
applied to a relatively small area.
Other Vegetables and Fruits. Orchards, vineyards, and vegetable farms generally have much higher net returns
per acre than in field crops, and fruit and vegetable growers have found it profitable to use insecticides and
fungicides on a higher percentage of acreage than growers of most field crops do. More than 85 percent of the
bearing acreage of the four largest fruit crops -- grapes, oranges, apples, and grapefruit, -- received at least one
treatment with an herbicide, insecticide, or fungicide in 1997, and the majority of acres were treated with all
three types (table 4.3.3, hyperlink to .xls file). Herbicides, insecticides, and fungicides were used to treat 91, 88,
and 65 percent of the U.S. orange acreage in 1997, for example, and 60, 96, and 90 percent of the apple acreage.
For most fruit crops, the volume of insecticides and fungicides used is generally higher than the volume of
herbicides used.
Among vegetables other than potatoes, herbicides and insecticides were used on 90 and 74 percent of processing
sweet corn acreage, the largest vegetable crop, in 1996. Herbicides, insecticides, and fungicides were used on
78, 71, and 90 percent of the second largest crop -- tomatoes grown for processing. Pesticide surveys from the
1960's and 1970's also showed that the majority of fruit and vegetable acreage received pesticides (Osteen and
Szmedra, 1989).
Consumer expectations of cosmetically perfect fruits and vegetables, with no blemishes from insects or disease,
dictate insecticide and fungicide use. Fresh-market vegetable acreage often receives more pesticides than the
processing market crop. For example, a larger share of the fresh-market sweet corn and tomato acreage received
fungicide and insecticide treatments than did sweet corn and tomatoes grown for processing. Among freshmarket vegetables, 98 percent of head lettuce, 89 percent of sweet corn, 96 percent of broccoli, and 93 percent
of tomato acreage received insecticide treatments in 1996 (table 4.3.3, hyperlink to .xls file). Fungicides were
used on 76 percent of head lettuce, 65 percent of watermelon, 78 percent of carrot, and 90 percent of tomato
acreage.
Regional differences in rainfall, humidity, soil types, and other growing conditions influence the severity of pest
problems and the intensity of pesticide use. Insecticide applications on grapes in 1997 ranged from 14 percent
of the crop area in Oregon to 96 percent in Michigan (appendix table 4.3.4, hyperlink to .xls file), with a similar
pattern occurring in 1995. Processing sweet corn receiving insecticides ranged from 60 percent in Oregon to 85
percent in Minnesota in 1996 and from 41 percent in Washington to 80 percent in Minnesota in 1994.
Pest problems and the available alternatives for managing pests, vary over time as well as by crop and region.
However, there were no dramatic changes in proportion of area treated with pesticides for fruit crops between
1995 and 1997 or for vegetable crops between 1994 and 1996. A number of U.S. food processors are seeking to
reduce the amount and frequency of pesticide use among its growers, and have been encouraging the use of Bt,
parasitic wasps, mating-disrupting pheromones, disease-forecasting systems, and other biological and pesticidereducing technologies (Orzalli, Curtis, and Bolkan, 1996).
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Pesticide Expenditures
Annual pesticide expenditures for all farm uses increased from $6.3 billion to $8.8 billion over 1991-97 -- a 40percent increase (USDA, ERS, 1998a). They increased from 4 to 5 percent of total production expenses.
Pesticide costs per acre increased for corn (20 percent), cotton (19 percent), soybeans (25 percent), and wheat
(10 percent) between 1991 and 1997 (USDA, ERS, 1998b). Pesticide costs for corn were about $27 per acre in
1997, accounting for 13 percent of total fixed and variable cash production expenses. Pesticide expenditures on
cotton, with the largest cost for insecticides, were about $57 per acre in 1997 and accounted for 16 percent of
cash production expenses. Pesticide costs on soybeans ($28 per acre) accounted for 22 percent of cash
production expenses, while costs on wheat ($6 per acre) accounted for 6 percent.
Major Target Pests of Field Crops.
For corn, soybeans, cotton, wheat, and potatoes in 1996, weeds were by far the most targeted pest in terms of the
share of pesticide treatments (table 4.3.4), as well as in terms of expenditures used to control them (FernandezCornejo and Jans, 1995). The share of all pesticide acre-treatments used to control weeds is 83 percent for corn,
almost 100 percent for soybeans, and around 90 percent for wheat. Only for potatoes and cotton do other pest
classes have larger shares of total acre-treatments than weeds among major crops. Pathogens, which cause
diseases, account for 56 percent of all potato acre-treatments. Insects account for 45 percent of all cotton
pesticide treatments. Desiccants, defoliants, and growth regulators represent 18 and 10 percent of treatments on
cotton and potatoes.
Among the more important weed species in 1996, in terms of share of treatments, were foxtail, other annual
grasses, and annual broadleafs for corn and soybeans; and annual and perennial broadleafs for wheat. Cotton
and field corn are the two largest markets for insecticides, even though only 16 percent of field corn acretreatments were for insects. Beetles, weevils, or wireworms (labeled Aother@ in table 4.3.4), which include boll
weevils, were identified as the primary target pest for the largest share of cotton insecticide treatments. (In
1996, there was an active boll weevil eradication program in parts of Texas, the largest cotton-producing State.)
Moths or caterpillars, including pink bollworm and tobacco budworm, were identified for the second largest
share. Corn rootworm was identified as the primary target pest for the largest share of corn insecticide
treatments.
Efficient Pesticide Use Practices.
Producers make a variety of decisions about the application of pesticides that affect efficiency, including
pesticide selection, pesticide combinations, timing, method of application, application rate, application
equipment, and spray additives (Barrett and Witt, 1987). Many use information about pest infestations obtained
through scouting or monitoring and economic thresholds to make such decisions (discussed below under
ADecision Criteria and Information@).
For example, most farmers broadcast pesticides across the field, but an alternative technique--banding
applications--can lower herbicide application rates substantially (Lin and others, 1995a). However, mechanical
cultivation to control weeds between rows is often required, and growers have not increased their use of banding
during the 1990's. About 10 percent of the U.S. corn, 49 percent of cotton, and 8 percent of soybean area treated
with herbicides in 1997 was banded. Another efficiency tool is the use of drip pans for spray equipment to catch
"overspray." Also, an increasing portion of herbicide applications on corn, soybeans, and cotton are made after
planting, which reflects the change in type of pesticides used.
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Pesticide Resistance.
Pesticide resistance is most likely to develop when a pesticide with a single mode of action is used over and
over in the absence of any other management measures to control a specific pest. If a weed, insect, or fungi
species contains an extremely low number of biotypes resistant to the killing mode of the pesticide, then those
species that survive the pesticide treatment reproduce future generations containing the pesticide-resistant trait.
As this process repeats, the resistance trait multiplies and begins to account for a significant share of the species=
population.
Although herbicide-resistant weeds have been documented since the early 1950's, their prominence in the last
two decades has increased, resulting in management strategies that seek to minimize development of pesticideresistant species. Rotating pesticides with different modes of action, applying mixtures of herbicides, reducing
application rates, and combining mechanical or nonchemical control practices are some management strategies
to reduce pesticide resistance (Meister Publishing, 1996). Resistance to triazine herbicides (atrazine, cyanazine,
and simazine) is one of the more common weed-resistant problems in corn and sorghum. Farmers responding to
USDAís Cropping Practices Survey in 1994 reported that 16 percent of the corn acreage had triazine-resistant
weeds. To deter these and other weed resistance problems, producers reported that they alternated herbicides on
the majority or corn, soybean, and cotton acreage. In recent years, producers also have reported using different
active ingredients on each treated acre and lowering the application rates, both practices prescribed to deter
herbicide resistance.
Similar to the development of weeds resistant to herbicides, the incidence of insects, mites, and disease-causing
fungus species resistant to pesticides also causes producers to switch to different pesticides or other
management practices (National Academy of Sciences, 1986). Once insect or fungi species develop resistance
to one ingredient, the time required to develop resistance to other ingredients of the same chemical family is
often greatly reduced. Over a short time, species resistant to an entire family of ingredients can develop and
require a different mode of treatment. Partly due to insecticide resistance, cotton insecticide families shifted
from mostly organochlorines prior to the 1970's to organophosphates and carbamates and more recently to
synthetic pyrethroids (Benbrook, 1996). Scouting to determine economic thresholds for treatments, alternating
the use of pesticide families, and several other management strategies to combat resistance are now in use.
In 1996, alternating pesticide active ingredients to manage pest resistance was reported on about 30 percent
of corn and soybean acreage, 40 percent of cotton acreage, 70 percent of potato acreage, 13 percent of winter
wheat acreage, and 38 percent of spring wheat acreage (table 4.3.5). This practice was also reported on a high
proportion of fruit and vegetable acreage. Growers used this practice on over 60 percent of the apple, orange,
and peach acreage and over 70 percent of the strawberry and fresh-market tomato acreage (table 4.3.6, hyperlink
to .xls file).
Biological Pest Management Practices
Biological pest management includes the use of pheromones, plant regulators, and microbial organisms such as
Bacillus thuringiensis (Bt), as well as pest predators, parasites, and other beneficial organisms. EPA currently
regulates biochemicals and microbial organisms and classifies them as Abiorational pesticides.@ Another major
biological tactic has been to breed crop varieties with Ahost plant resistance@ to insects and disease.
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Table 4.3.4 -- Pesticide treatments distributed by primary target pests, field crops in major producing States 1996
Item
Corn
Soybeans Cotton
Fall
Winter
Spring
Durum
potatoes wheat
wheat
wheat
Percent of acre-treatments
16
-45
20
12
2
Insects and other arthropods:
Aphids
*
-2
4
7
1
Beetles, weevils, or wireworms
Corn rootworm - adult
3
-----Corn rootworm - larvae
7
-*
---1
Other
1
**
20
14
**
-Cutworms or armyworms
2
*
2
-2
-Moths or caterpillars
Pink bollworm
**
-4
---Tobacco budworm
-**
3
---2
Other
3
**
4
1
--3
True bugs
*
*
4
1
2
-Whitefly, mealybugs, or leaf hoppers
--1
**
--Grasshoppers or crickets
**
**
**
-*
-Mites
*
-2
*
1
-Flies or maggots
--**
--1
Thrips
**
-3
**
**
---2
56
1
2
Pathogens:4
Nematodes
--1
2
--Fungus diseases
-**
1
49
1
2
Virus diseases
--**
5
*
-83
100
38
16
87
97
Weeds:
Annual grasses
Foxtail
21
19
*
*
1
7
Other annual grasses
17
22
7
1
7
14
Perennial grasses
Shattercane
1
1
**
-1
-Johnsongrass
2
4
4
-1
-Quack grass
1
1
**
*
**
1
Other perennial grasses
4
6
4
1
2
8
Perennial broadleafs
9
8
4
3
20
13
Annual broadleafs
28
40
19
11
55
54
5
*
**
18
10
*
-Others
1 Includes other beetles, weevils, or wireworms.
2 Includes other moths or caterpillars such as loopers, leafminers, leaf perforators, leafworms, corn borers,
webworms, and leafrollers.
3 True bugs include fleahoppers, lygus bugs, stink bugs, chinch bugs, and tarnish plant bugs.
4 Survey excludes treated seed and seed treatments for seedling diseases.
5 Treatments of desiccants, defoliants, and growth regulators.
* = Less than 0.5 percent.
** = Less than 0.1 percent.
-- = No responses.
Source: USDA, ERS and NASS 1996 ARMS Survey.
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1
----------**
-1
-1
-1
-99
5
15
--*
1
21
57
--

According to a recent Office of Technology report, the market for biologically based pest controls is small but
fast-growing. The market value of biologically based products -- natural enemies, pheromones, and microbial
pesticides -- sold in the United States during the early 1990's was estimated at $95-$147 million, 1.3 to 2.4
percent of the total market for pest control products (U.S. Congress, 1995). At least 30 commercial firms or
Ainsectaries@ produce natural enemies. Even though the current market for biological products is growing and
large pest control companies are beginning to participate, the market is still so small that biologicals are unlikely
to replace pesticides in the foreseeable future unless major research and development activities are started
(Ridgway and others, 1994).
Microbial Pesticides and Pheromones
Biorational pesticides, such as Bt and pheromones, have differed significantly from chemical pesticides in that
they have generally managed rather than eliminated pest populations, have had a delayed impact, and have been
more selective (Ollinger and Fernandez-Cornejo, 1995). Growers have dramatically increased use of Bt, which
produces toxins that causes disease in some insects, during the 1990's -- especially under biointensive and
resistance-management programs -- because of environmental safety, improved performance, cost
competitiveness, selectivity, and activity on insects that are resistant to chemical pesticides. Foliar-applied Bt is
used in certified organic production. New Bt strains can affect insects not previously found to be susceptible to
be susceptible to Bt. Current research is devoted to improving the delivery of Bt to pests and to increasing the
residual activity and efficacy of Bt.
Bt was used on more than 1 percent of the acreage of 12 fruit crops in 1997, up from 5 crops in 1991 (table
4.3.7). Between 10 and 43 percent of the apple, blueberry, grape, nectarine, plum, prune, sweet cherry,
blackberry, and raspberry acreage received Bt applications in 1997. The acreage of vegetable crops treated with
Bt increased for 10 of the 18 crops surveyed by USDA between 1992 and 1996. Bt was used on about half or
more of the cabbage, celery, eggplant, fresh tomato, and pepper acreage in 1996. Foliar-applied Bt (excluding
use of Bt seed varieties) has been applied to a smaller percentage of field crop acreage: 1 percent of corn acreage
treated in 1997. Bt-treated cotton acreage increased from 5 percent in 1992 to 9 percent in 1994 and 1995, but
fell to 2 percent in 1997; the decrease may be associated with the increased planting of Bt cotton seed (15
percent of acres in 1996) and resistance management. Depending upon the formulation, Bt can be applied with
conventional ground, aerial, or sprinkler irrigation equipment.
Pheromones are used to monitor populations of crop pests and to disrupt mating in organic systems and some
IPM programs. Pheromones were used for monitoring on 69 percent and for insect control on 15 percent of
surveyed apple acreage (in 1993), for monitoring on 32 percent and for control on 21 percent of peach acreage
(in 1995), and on 20 percent or less of grape, orange, tomato, and strawberry acreage (in 1993-94) (table 4.3.8).
In 1996, pheromones were used for monitoring on 33 percent and for pest control on 7 percent of cotton acres
(table 4.3.7); they were used on a much smaller portion of other field crops.
Beneficial Organisms
Natural enemies of crop pests, or Abeneficials,@ may be imported, conserved, or augmented. Natural enemy
importation and establishment, also called classical biological control, has been undertaken primarily in
university, State, and Federal projects; 28 States operate biocontrol programs and most have cooperative efforts
with USDA agencies (U.S. Congress, 1995). Some crop pests, such as the woolly apple aphid in the Pacific
Northwest, have been largely controlled with this method. Many crop pests are not native to this country, and
USDA issues permits for the natural enemies of these pests to be imported from their country of origin.
Agricultural Resources and Environmental Indicators, chapter 4.3, page 17

Table 4.3.5 --Scouting and other pest management practices for major field crops in major producing States, 1996
Item
Corn
Soybeans Winter
Spring
Cotton
Fall
wheat
wheat
potatoes
Percent of planted acres
Scouting for weeds
78
79
85
90
72
94
Source of scouting:
Operator, partner, family member
59
68
73
77
46
59
Employee
2
1
*
*
3
7
Chemical dealer
8
6
6
9
4
17
Consultant or commercial scout
8
3
5
4
19
12
Scouting for insects
66
59
74
64
88
98
Source of scouting:
Operator/family member
49
51
62
56
24
56
Employee
2
1
*
*
3
7
Chemical dealer
7
3
5
3
10
19
Consultant or commercial scout
8
3
6
4
51
15
Scouting for diseases
51
53
66
60
53
91
Scouted and kept written/electronic records to track the activity of:
Broadleaf weeds
19
19
17
23
28
26
Grass weeds
19
19
15
17
28
26
Insects
na
13
14
9
52
31
Other monitoring:
1
Used pheromone lures to monitor pests
1
*
*
4
33
3
Used soil biological testing to detect pests
such as insects, diseases, or nematodes
2
3
2
0
9
46
Biological techniques:
Considered beneficial insects in selecting pesticides
8
5
10
4
52
29
Purchased and released beneficial insects
*
*
*
*
*
0
Used pheromone lures to control pests
na
*
*
1
7
2
Pest-resistant varieties:
Herbicide-resistant hybrid/variety
3
7
nap
nap
2
nap
Bt variety for insect resistance
1
nap
nap
nap
15
1
Gray leaf spot-resistant variety
2
nap
nap
nap
nap
nap
Potato scab-resistant variety
nap
nap
nap
nap
nap
1
Cultural techniques:
2
Adjusted planting or harvesting dates
5
6
19
11
25
7
Used mechanical cultivation for weed control
51
29
na
na
89
86
Used a no-till system
19
33
3
4
na
na
3
Crop rotations:
4
Continuous
18
11
42
14
67
2
5
Rotation with other row crops
54
63
2
2
15
2
6
Other
28
26
56
83
18
96
Pesticide efficiency:
Alternated pesticides to control pest resistance
31
28
13
38
41
69
Acres planted (1,000 acres)
70,250
50,970 28,598 16,350 11,915
787
1 For corn, pheromone lures were used to monitor black cutworm. 2 Adjust planting dates only for corn.
3 Crop rotations include 1994, 1995, and 1996. 4 The same crop was planted in 1994, 1995, and 1996.
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5 A crop sequence, excluding continuous same crop, where only row crops (corn, soybeans, sorghum, cotton, and
peanuts) were planted for 3 consecutive years. 6 Excludes continuous same crop and rotation with row crops and
includes fallow. na= not available. nap= not applicable. * Less than 0.5 percent
Source: USDA, ERS and NASS, 1996 ARMS survey.

Natural enemies may be conserved by ensuring that their needs -- or alternate hosts, adult food resources,
overwintering habitats, a constant food supply, and other ecological requirements -- are met, and by preventing
damage from pesticide applications and other cropping practices (Landis and Orr, 1996). Over half of the
certified organic vegetable growers in 1994 and a third of the certified organic fruit growers in 1995 provided
habitat for beneficials (table 4.3.6, hyperlink to .xls file).
Augmentation boosts the abundance of natural enemies (native and imported) through mass production and
inundative or inoculative releases in the field (Landis and Orr, 1996). An inundative release, the most common
augmentation method, can be timed for when the pest is most vulnerable and is used when the natural enemy is
absent or when its response to the pest pressure is insufficient. An inoculative release may be made in the
spring for a natural enemy that cannot overwinter in order to establish a population. Unlike importation and
conservation, augmentation generally does not suppress pests permanently.
Beneficial insects were used on 3 and 19 percent of the surveyed vegetable and fruit acreage in the early 1990's
(Vandeman and others, 1994). Nearly 46 percent of the certified organic vegetable growers surveyed in 1994
reported use of beneficials, while 20 percent of certified organic fruit growers surveyed in 1995 reported the
purchase and release of beneficials for insect control (table 4.3.6, hyperlink to .xls file). Purchased beneficial
insects were used on a relatively small portion of surveyed fruit and vegetable acreage, with the exception of
strawberries (35 percent).
Protecting beneficial insects, which could involve changing pesticide practices or providing habitat, was
reported on a high proportion of surveyed fruit and vegetable acreage (table 4.3.8). The practice was
particularly high on grape (61 percent), apple (80 percent), fresh market-tomato (64 percent), and strawberry (59
percent) acreage. Among surveyed field crops in 1996, beneficial insects were considered when selecting
pesticides on 52 percent of cotton and 29 percent of fall potato acres (table 4.3.5). Beneficial insects were
purchased and released on less than 0.5 percent of field crop acreage.
Host Plant Resistance
Corn and soybean breeding for genetic resistance to insects, disease, and other pests has been the research and
development focus of major seed companies, as well as USDA and Land Grant Universities, for many decades
(Edwards and Ford, 1992). U.S. corn, soybean, and cotton acreage receives virtually no foliar fungicides. Fruit
and vegetable growers reported use of resistant varieties on 37 percent of strawberry and fresh market tomato
acreage in 1994, 44 percent of peach acreage in 1995, but less than 15 percent of grape, orange, and apple
acreage in 1993 (table 4.3.6, hyperlink to .xls file). In 1994, 75 percent of certified organic vegetable growers
and 20 percent of certified organic fruit growers reported using resistant varieties (Fernandez-Cornejo and
others, 1998b).
Cultural Pest Management Practices
A number of production techniques and practices -- including crop rotation, tillage, alterations in planting and
harvesting dates, trap crops, sanitation procedures, irrigation scheduling, fertilization, physical barriers, border
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Table 4.3.7--Agricultural applications of Bacillus thuringensis (Bt), selected crops in surveyed
States, 1991-97
Area receiving application
1
Crop
1996/97
1991 1992 1993 1994 1995 1996 1997
planted
2
acres
1,000 acres
Percent of acres
Field crops:
Corn
62,150
*
*
na
1
1
1
1
Cotton, upland
13,075
na
5
8
9
9
3
2
Potatoes, fall
944
na
na
2
1
*
*
na
Tree and bush fruits:
Grapes
894
na
2
6
11
Oranges
833
2
7
3
4
Apples, bearing
351
3
13
12
16
Peaches
136
na
3
5
12
Prunes
101
na
na
9
10
Pears
68
na
1
2
1
Cherries, sweet
48
na
8
9
11
Plums
44
na
na
14
28
Nectarines
38
na
10
22
39
Blueberries
34
11
8
5
14
Raspberries
13
49
45
52
43
Blackberries
6
18
na
23
20
Vegetables/other fruit:
Tomatoes, proc.
318
6
5
5
Lettuce, head
195
18
20
33
Sweet corn, fresh
146
3
3
1
Onion
127
na
1
na
3
3
Cantaloupe
113
32
8
9
3
3
Honeydew
113
28
10
9
Broccoli
106
7
14
14
Tomatoes, fresh
89
31
39
64
Snap beans, fresh
67
20
29
17
Lettuce, other
74
39
22
13
Bell peppers
65
35
37
49
Cabbage, fresh
64
48
64
52
Cucumbers, fresh
49
19
22
27
Cauliflower
44
12
20
19
Strawberries
45
24
33
31
Celery
26
51
61
49
Spinach, fresh
12
13
21
15
Eggplant
3
13
48
54
* Applied on less than 1 percent of the acres. na = Not available (insufficient reports to
publish the data). -- = Not a survey year for that commodity. 1 Bt use was too small to report
on soybeans, wheat, and on other surveyed fruit and vegetable crops. 2 Planted acres in the
surveyed States. The survey accounted for between 79 and 90 percent of U.S. total planted
corn acreage, between 70 and 78 percent of the total upland cotton acreage, and over 70
percent of fruit and vegetable acreage. 3 Acreage for cantaloupes and honeydews combined.
Source: USDA, ERS and NASS, Chemical Use Survey data.
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Table 4.3.8 --Insect decision criteria and primary source of pest management information for major field crops, major
producing States, 1996
Item
Corn
Soybeans
Winter
Spring
Cotton
Fall
wheat
wheat
potatoes
Percent of planted acres
Decision criteria used:
Compared scouted data to University or
extension guidelines for infestation
na
11
12
23
46
24
thresholds
Used standard practice or history
of insect problems
na
30
20
29
22
55
Used local information (other farmers, radio
TV, etc) that the pest was or was not
na
12
9
11
7
20
present
Used the operatorís own determination
of the pest infestation level
na
54
69
65
55
83
Pest management information sources:
Extension advisors
7
8
9
14
17
23
Farm supply/chemical dealer
69
74
42
52
22
54
Commercial scouting service
2
1
4
1
15
2
Crop consultant/pest control advisor
9
4
10
6
30
15
Other growers/producers
3
2
11
4
5
1
Producer associationsnewsletters or trade magazines
1
1
2
2
*
3
TV or radio programs, newspapers
*
*
1
0
*
*
Electronic information services
(World Wide Web, DTN, etc.)
*
*
0
0
*
*
Other
1
2
3
7
4
*
None
3
6
16
13
7
1
70,250
50,970
28,598
16,350
11,915
787
Acres planted (1,000 acres)
* Less than 0.5 percent.
na = not available.
Source: USDA, ERS and NASS/ERS, 1996 ARMS survey.

sprays, cold air treatments, and providing habitat for natural enemies of crop pests -- can be used for managing
crop pests. Cultural controls work by preventing pest colonization of the crop, reducing pest populations,
reducing crop injury, and increasing the number of natural enemies in the cropping system (Ferro, 1996).
Research on new cultural techniques such as solarization ñ heating the soil to kill crop pests ñ continues to
emerge. However, most cultural practices do not involve a marketable product, and research and development
depends almost entirely on public sector funding (U.S. Congress, 1995).
Crop rotation is one of the most important of the current cultural techniques. In 1996, 82 percent of U.S. corn
acreage was in rotation with other crops, up slightly from 76 percent in 1990 (table 4.3.5). Over half of the corn
in 1996 was being grown in rotation with other row crops; mostly soybeans. Corn producers rotating corn with
other crops used insecticides less frequently than did those planting corn 2 years in succession (11 percent of
acres versus 46 percent) (USDA, ERS, 1997). Corn is often grown as a monocrop in heavy livestock areas and
where climate limits the soybean harvest period (Edwards and Ford, 1992).
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About 89 percent of soybeans were grown in crop rotations in 1996. Crop rotation was much less prevalent for
cotton -- 33 percent of acreage. Crop rotation was used on 85 percent of the spring wheat crop but only 58
percent of the winter wheat crop in 1995. Crop rotation was used for virtually all of the potato acreage.
Cultivation for weed control is widely practiced for field crops, mostly in conjunction with herbicide use.
Almost all of the potato and cotton acreage received cultivations in 1995, along with 66 percent of corn (USDA,
ERS, 1997). For soybeans, cultivations dropped from 67 percent in 1990 to 41 percent in 1995. In 1996, over
85 percent of cotton and potato acres, but only 51 percent of corn and 29 percent of soybean acres, were
cultivated (table 4.3.5).
Field sanitation and water management, such as scheduling or timing of irrigation, are widely used on fruit and
nut crops, with 60 percent and 31 percent of the acreage under these practices in the early 1990's (Vandeman
and others, 1994). Water management was used by 44 percent of the certified organic vegetable producers.
Surveys showed that a high percentage of certified organic fruit and vegetable growers use cover crops and
mulches and that a high percentage of the organic fruit growers also use mechanical tillage (table 4.3.6,
hyperlink to .xls file).
In 1994, planting dates were adjusted on 15 percent of the strawberry acreage and 11 percent of the fresh-market
tomato acreage (table 4.3.6, hyperlink to .xls file). Over half of the certified organic vegetable growers adjusted
planting dates to manage pests in 1994 (Fernandez-Cornejo and others, 1998b).
Some field crop producers adjust planting and harvesting dates to minimize pest damage. In 1996, harvest dates
were adjusted on 25 percent of cotton acreage, 19 percent of winter wheat acreage, 11 percent of spring wheat
acreage, and less than 10 percent of soybean and potato acreage (table 4.3.5). Planting dates were adjusted on 5
percent of corn acreage.
Decision Criteria and Information
Pest scouting or monitoring, economic thresholds, and other tools help producers to optimize pest management
practices. AExpert systems@ have integrated these tools into decision management software. These practices
may improve the effectiveness of pest control and reduce pesticide risks through lower rates, less toxic
materials, or fewer applications.
Scouting and Economic Thresholds
Entomologists have been developing scouting techniques to monitor the populations of major insect and other
arthropod pests for several decades. Field trials were conducted to determine the crop-damage functions
associated with these pests in order to set economic thresholds -- pest population levels above which economic
damage to the crop would occur without pesticide application. These scouting techniques and thresholds were
designed to replace routine, calendar-based insecticide applications.
While scouting techniques and thresholds have been developed for most major insect pests in agriculture, weed
scientists and ecologists have only recently begun exploring whether economic thresholds are applicable for
weed management (Coble and Mortensen, 1992). Economic thresholds are rarely used for plant pathogens since
infections generally spread too quickly to use fungicides after the disease is detected. However, disease
prediction models that result in disease advisories for some major fruit and field crops have been developed and
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commercialized.
Scouting is widespread in specialty crop production. Recent surveys showed scouting on 70 to 90 percent of
grape, orange, apple, and peach acreage, and thresholds used on a significant proportion of that acreage (table
4.3.6, hyperlink to .xls file). Over 90 percent of the strawberry and fresh-market tomato acres were scouted in
1994, and thresholds were used on 70 percent of the tomato acreage. Also, 97 percent of the certified organic
vegetable producers in 1994 and 76 percent of the certified organic fruit producers used scouting in 1995.
The 1996 Agricultural Resource Management Study (ARMS) survey showed scouting on field crops for weeds,
insects, and diseases (table 4.3.5). Scouting for weeds ranged from 72 percent of the acreage for cotton to 94
percent for fall potatoes. Corn and soybean farmers reported scouting for weeds on 78 and 79 percent of their
acreage. Calculating a weighted average of all major field crops, scouting for weeds reached 80 percent in
1996. The farm operator or family member scouted on 45 percent or more of the planted acres. However, 19
percent of cotton acres were scouted for weeds by a crop consultant or commercial scout.
Scouting for insects on field crops ranged from 59 percent for soybean acreage to 98 percent for fall potatoes,
with 66 and 88 percent of the corn and cotton acreage also scouted (table 4.3.5). On average, scouting for
insects reached 67 percent among all field crops in 1996. The primary source of scouting for insects was the
farm operator or family member for all field crops except cotton, where 51 percent of the planted acres were
scouted by crop consultants or commercial scouts. Scouting for diseases occurred on more than half of the
planted acres for field crops. Scouting for insects and diseases appears relatively infrequent for corn and
soybeans, because insect problems treatable with pesticides are not prevalent for those crops in many States.
This is also reflected in the low percentage of corn and soybean acreage treated with insecticides (table 4.3.2,
hyperlink to .xls file).
USDA, NASS (1998) reported a smaller percentage of acres scouted for weeds, insects, or diseases in 1997.
NASS estimated that scouting for pests in 1997 was used on 47 percent of corn, 73 percent of cotton, 45 percent
of soybean, 35 percent of all wheat, 80 percent of fruit and nut, and 81 percent of vegetable acreage. Its 1997
Fall Area Survey differed from the 1996 ARMS survey by not specifying the type of pest scouted, but adding
the wording Ausing a systematic method.@
The 1996 ARMS survey paired scouting by pest class with pest recordkeeping, either written or electronic. For
all field crops, a lower percentage of farmers scouted and kept records as compared to just scouting (table 4.3.5).
The one anomaly -- scouting and recordkeeping for insects on cotton (52 percent of acreage) -- corresponds to
the percentage of cotton acreage scouted for insects by crop consultants or commercial scouts (51 percent of
planted acres).
The 1996 ARMS survey also collected information on decision criteria for applying insecticides (table 4.3.8). A
large portion of the crop acreages with major insects problems, like cotton and fall potatoes, received
applications based on scouted data compared to university or extension infestation thresholds (46 and 24 percent
of the cotton and fall potato planted acres). On the other hand, soybeans and winter wheat, which have far fewer
insect problems, used thresholds on only 10 percent of their acreages.
Sources of Pest Management Information
Growers obtain pest management information from a variety of sources. Farm supply/chemical dealers provide
Agricultural Resources and Environmental Indicators, chapter 4.3, page 23

information on 40 to 75 percent of field crop acres except cotton, followed by extension advisors and crop
consultants/pest control advisors (table 4.3.8). For cotton, the largest source is crop consultants/pest control
advisors.
Chemical dealers were the most-used source of pest management information for apples, grapes, peaches,
oranges, and strawberries in surveys conducted from 1993 to 1995; professional scouting services and extension
advisors were also widely used on these crops (table 4.3.9). Professional scouting services were the most used
source for fresh market tomatoes.
Expert Systems.
"Expert systems" integrate information on pest density, economic thresholds, application methods, and other
elements of pest management into a computer software package that helps the farmer determine when to make
pesticide applications, which pesticides to use, and how much to use. For example, a threshold-based model for
corn and soybeans (NebraskaHERB) determines whether it is cost-effective to manage weeds in a field, and
identifies whether broadcast or band-applied herbicides or cultivation is the most cost-effective treatment. The
Nebraska Extension Service reports use in Nebraska is small but growing (USDA, 1994). The use of "expert
systems" (decision support) software is still well under 1 percent in U.S. corn and soybean production,
according to recent ERS surveys (Padgitt, 1996). Several university expert systems, which forecast diseases in
some major fruit and vegetable crops, have recently become available commercially through IPM product
suppliers, including the "Penn State Apple Orchard Consultant" and the University of Wisconsin's WISDOM
software.
Precision Farming.
Precision farming is an emerging technology that may allow a more efficient application of inputs by using yield
monitors, satellite images, GIS, and other developing information technologies to tailor inputs to the different
conditions in each field. Soil leachability, pH, and other characteristics often vary, sometimes substantially,
within the farm field, and better tailoring of inputs to site-specific field conditions can increase crop yields.
Most precision farming has addressed nutrient management, but research on pest management using this
technology is emerging. Recent industry surveys indicate that only a small number of corn growers are
experimenting with precision farming. The yield monitors and equipment necessary for many other crops,
especially vegetable crops, have not been developed yet. USDA, the chemical industry, and other organizations
are examining the potential for this technology to increase yields or reduce pesticide use. The few existing
studies on the potential of precision farming to provide environmental benefits are inconclusive about its effect
on pesticide use.
Factors Affecting Pest Management Decisions
According to economic efficiency criteria, producers would choose the combination of pest control methods that
maximizes the difference between the value of pest damage reductions and control costs. They should increase
the use of a pest control input until the marginal value of damage reduction of the last unit of input equals the
marginal cost. As a result, the use of pest management practices, including pesticides, should be influenced by
pest infestations, yield and quality losses caused by those infestations, as well as by crop prices and the costs of
pesticides and alternative control methods.
However, financial risk (variability of returns) and uncertainty (incomplete information about outcomes) are
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also important considerations. Farmers do not know precisely what pest damage will occur without control, the
reduction in damage from using a control, and the value of the reductions. They must develop expectations of
crop value and potential yield savings from control. Rational decisions will ultimately appear suboptimal if pest
infestations or crop values were different than expected. Because reducing the risk of large financial losses is
important to many producers, some may find it rational to apply pesticides or other inputs in excess of profitmaximizing levels.
Many other factors affect the use of pesticides and other practices. Changes in planted acres or shifts in
production between commodities and regions can affect the number of acres treated and applied quantities. Pest
cycles and annual fluctuations caused by weather and other environmental conditions often determine whether
infestation levels reach treatment thresholds. Changes in pesticide regulations, prices, new chemical and
nonchemical options, and pest resistance to pesticides also affect the producer=s selection of pest management
practices. Scarcity of labor or high wages can constrain the use of labor-intensive practices.
Pesticide Prices
Aggregate pesticide prices, as measured by the USDA agricultural chemicals price index, increased 17 percent
from 1991 to 1996 (table 4.3.10, hyperlink to .xls file). Herbicide prices increased about 17 percent, fungicide
prices nearly 14 percent, and insecticide prices about 24 percent. Prices may be rising in response to increased
use of pesticides since 1990, as discussed above (table 4.3.1, fig. 1). Some research shows that aggregate
demand for pesticide use is negatively related to changes in pesticide prices, but is price inelastic so that the
percentage change in use is less than the percentage change in pesticide prices (Fernandez-Cornejo, 1992;
Table 4.3.9 -- Source of pest management information, selected fruits and vegetables in major producing
States, 1993-95
Item
Apples
Grapes
Peaches
Oranges
Tomatoes Strawberries
Percent of planted acres
Extension advisor
19
22
23
18
14
17
Chemical dealer
49
43
34
54
37
41
Professional scouting service
23
17
32
20
43
35
Media or demonstration event
2
2
4
5
1
2
Other information source
6
17
7
4
5
4
1 Apple, grape, and orange data are from the 1993 USDA Chemical Use Survey for fruits; peach data are
from the 1995 USDA Chemical Use Survey for fruits; and strawberry and tomato data are from the 1994 USDA
Chemical Use Survey for vegetables. For major States surveyed, see A Chemical Use Survey in the appendix.
Source: USDA, ERS and NASS, Chemical Use Survey data.

McIntosh and Williams, 1992; Oskam and others, 1992). However, Chambers and Lichtenberg (1994)
estimated that, in the longer run, the aggregate demand would be more price elastic so that use would change
proportionately more than price changes.
Use of individual products can vary significantly from year to year even if aggregate pesticide use does not.
When different pesticide products are perfect or near-perfect substitutes, small price changes can result in
significant changes in the mix of products used as farmers attempt to maximize profits. Index numbers are
useful aggregate measures for monitoring price changes, but indexes can mask movements in individual
components. Common pesticide active ingredients showed different price trends between 1991 and 1996 (table
4.3.10, hyperlink to .xls file). These price changes typically reflect shifts in factors such as cost of
manufacturing and distribution, price of competing products, patent protection, and planted acreage of the
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treated crop.
Among insecticides, carbaryl, methyl parathion, and phorate had price increases of 25 percent or more. These
insecticides are widely used on corn as well as several fruit and vegetable crops. Most fungicide prices rose
over 10 percent while captan and chlorothalonil increased more than 20 percent. Both captan and chlorothalonil
are used extensively on fruit, vegetable, and nut crops such as apples (captan) and peanuts (chlorothalonil).
Sulfur (which dropped in price) is heavily applied to grapes.
Among herbicides, the price of sethoxydim dropped, while prices for 2,4-D, atrazine, cyanazine, dicamba, and
MCPA rose. With the exception of MCPA, which is used primarily on wheat and barley, the herbicides with
the greatest price increases were extensively used in corn production. However, 2,4-D and dicamba are also
used on pasture and wheat land, atrazine is heavily used on corn and sorghum, and cyanazine is a major cotton
herbicide.
Effects of Longer-Term Relative Price Trends
One argument for the increase in pesticide use from 1945 through 1980 is that pesticides often cost less and
contributed to higher, less variable yields than previously used nonchemical methods. Fernandez-Cornejo and
others (1998a) reviewed pesticide productivity studies and found that most showed pesticides to be costefficient inputs from the farmer's perspective (Headley ,1968; Campbell ,1976; Hawkins, Slife, and Swanson,
1977; Miranowski, 1975; Duffy and Hanthorn, 1984; Carrasco-Tauber and Moffitt, 1992; Lin and others, 1993;
Fernandez-Cornejo and others, 1996). Some studies indicate that the marginal return of pesticide use (the return
to the last unit used) is declining, which is to be expected as use increases.
Trends in pesticide prices relative to other input and crop prices could have encouraged pesticide use. Between
1965 and 1980, a period of rapid growth in pesticide use, pesticide prices increased (64 percent) less than wages
(233 percent), fuel prices (123 percent), and crop prices (135 percent) (USDA, Crop Reporting Board, 1981).
These trends would encourage the substitution of pesticides for labor, fuel, and machinery used in pest control
(Daberkow and Reichelderfer, 1988). Crop prices that increase relative to pesticide prices would also encourage
greater pesticide use. These trends may also have induced technological change to take advantage of relatively
cheap pesticides (Capalbo and Vo, 1988). Public and private research introduced new pesticides (and other
innovations) that could increase yields and substitute for some farm labor, machinery, and fuel.
However, recent price trends may have curbed pesticide use relative to its rapid growth prior to 1980, but there
may still be a price incentive to substitute pesticides for labor. The 19-percent increase in pesticide prices from
1991 to 1997 as measured by the USDA agricultural chemicals price index, was greater than the increases for
the crop price index (15 percent) and the fuel price index (4 percent), but less than the increase for the wage
index (22 percent) (USDA, NASS, 1998a).
Federal Agricultural Programs
Federal commodity and conservation programs provide mixed incentives to both increase and decrease pesticide
use. Acreage restrictions and set-aside provisions in past commodity programs and the Conservation Reserve
Program reduced planted acreage and, hence, pesticide use. Pesticide use dropped in 1983 with the large
feedgrain acreage idled under the payment-in-kind program (PIK) and has subsequently paralleled other major
changes in planted acreage. On the other hand, when planted acreage was constrained and price expectations
included program payments, producers tended to substitute nonland inputs, -- including fertilizer and pesticide Agricultural Resources and Environmental Indicators, chapter 4.3, page 26

- for land to boost per-acre yields and capture higher returns on their eligible planted acreage. Participants in
Federal commodity programs applied nitrogen fertilizer and herbicides at higher rates than did nonparticipants
(Ribaudo and Shoemaker, 1995).
The Federal Agriculture Improvement and Reform Act of 1996 removed the link between income support
payments and current farm production and should remove most farm program incentives to increase pesticide
and fertilizer use per acre of planted land. However, producers= greater planting flexibility could lead to
increased pesticide use as idled land returns to production. Producers are now permitted to plant 100 percent of
their total base acreage plus additional acreage to any crop (with some exceptions for fruits and vegetables)
without loss of Federal subsidy.
Pesticide Regulatory Issues
The U.S. Environmental Protection Agency (EPA) regulates pesticides under the Federal Insecticide Fungicide
and Rodenticide Act (FIFRA) and pesticide residues in food under the Federal Food, Drug, and Cosmetic Act
(FFDCA). (See box, AImportant Pesticide Legislation.@) Under FIFRA, EPA decides which pesticides are
registered for which uses and prescribes other restrictions on their use (such as application rate, when and how
they are to be applied, and what safety precautions are to be used during and after application) to prevent
unreasonable adverse effects on health and the environment. As part of registering a pesticide for food uses,
EPA establishes tolerances, or limits, for residues of the pesticide in each food. These tolerances are enforced
through monitoring and inspections conducted by the Food and Drug Administration and USDA. (See box,
APesticide Residues in Food.@)
The Clean Air Act (1970), Clean Water Act (1972), Resource Conservation and Recovery Act (1976), and the
Comprehensive Environmental Response, Compensation, and Liability Act (1980) (or Superfund) also contain
provisions that affect pesticide manufacturers. The Clean Air Act mandates discharge limits on pollutants,
RCRA specifies how to dispose of toxic substances, and the Superfund stipulates who pays for the cleanup of
toxic dump sites.
Most States have some regulations related to pesticide use in agriculture and/or lawn care, and over half have
groundwater laws, posting requirements, and pesticide reporting regulations (Meister Publishing, 1996). Over a
third of the States have health advisory levels, containment regulations, and bulk chemical regulations, and 13
States have requirements for reporting pesticide illnesses. Most States also have pesticide registration fees,
many of which have increased in the last several years. Nine States tax pesticide products or have other special
taxes (Meister Publishing, 1996) that have been used to fund research on pesticide alternatives. For example,
the Leopold Center for Sustainable Agriculture at Iowa State University, which conducts research on
environmentally friendly alternatives, is partially supported from a tax on pesticide and fertilizer sales in Iowa.
The Food Quality Protection Act and Tolerance Reassessment
The Food Quality Protection Act of 1996 (FQPA) amended FIFRA and FFDCA (Public Law 104-170, 1996).
An important provision is a uniform safety standard for pesticide-related risks in raw and processed foods: Aa
reasonable certainty of no harm from aggregate exposure to the pesticide chemical residue.@ Previously, the
"Delaney Clause" of the FFDCA prohibited processed foods, but not fresh foods, from containing even trace
amounts of carcinogenic chemical residues. In setting tolerances, EPA must consider dietary exposures to a
pesticide from all food uses and from drinking water, as well as nonoccupational exposure, such as homeowner
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Important Pesticide Legislation
The Insecticide Act of 1910 -- Prohibited the manufacture, sale, or transport of adulterated or misbranded pesticides; protected
farmers and ranchers from marketing of ineffective products.
Federal Food, Drug, and cosmentic Act of 1938 (FFDCA) --Provided that safe tolerances be set for residues of unavoidable
poisonous substances (such as pesticides) in food.
Federal Insecticide, Fungicide, and Rodenticide Act of 1947 (FIFRA) -- Required pesticides to be registered before sale and
that the product label specify content and whether the substance was poisonous.
Miller Amendment to FFDCA of 1954 --Amended FFDCA to require that tolerances for pesticide residues be established (or
exempted) for food and feed (Section 408). Allowed consideration of risks and benefits in setting tolerances.
Food Additives Amendment to FFDCA of 1958 -- Amended FFDCA to give authority to regulate food additives against a
general safety standard that does not consider benefits (Section 409); included the Delaney Clause, which prohibited food additives
found to induce cancer in humans or animals. Pesticide residues in processed foods were classified as food additives, while
residues on raw commodities were not. When residues of a pesticide applied to a raw agricultural commodity appeared in a
processed product, the residues in processed foods were not to be regulated as food additives if levels were no higher than
sanctioned on the raw commodity.
FIFRA Amendments of 1964 -- Increased authority to remove pesticide products from the market for safety reasons by
authorizing denial or cancellation of registration and the immediate suspension of a registration, if necessary, to prevent an
imminent hazard to the public.
Federal Environmental Pest Control Act (FEPCA) of 1972 -- Amended FIFRA to significantly increase authority to regulate
pesticides. Allowed registration of a pesticide only if it did not cause Aunreasonable adverse effects@ to human health or the
environment; required an examination of the safety of all previously registered pesticide products within 4 years (of the act) using
new health and environmental protection criteria. Materials with risks that exceeded those criteria were subject to cancellation of
registration. Specifically included consideration of risks and benefits in these decisions.
FIFRA Amendment of 1975 -- Required consideration of the effects of registration cancellation or suspension on the production
and prices of relevant agricultural commodities.
Federal Pesticide Act of 1978 -- Identified review of previously registered pesticides as Areregistration@; eliminated the deadline
for reregistration but required an expeditious process.
FIFRA Amendments of 1988 -- Accelerated the reregistration process by requiring that all pesticides containing active
ingredients registered before November 1, 1984, be reregistered by 1995; provided EPA with additional financial resources
through reregistration and annual maintenance fees levied on pesticide registrations.
The Food Quality Protection Act of 1996 (FQPA) -- Amended FIFRA and FFDCA. Set a consistent safety standard for risks
from pesticide residues in foods: "ensure that there is a reasonable certainty that no harm will result to infants and children from
aggregate exposure." Pesticide residues are no longer subject to the Delaney Clause of FFDCA; both fresh and processed foods
may contain residues of pesticides classified as carcinogens at tolerance levels determined to be safe. EPA is required to reassess
existing tolerances of pesticides within 10 years, with priority to pesticides that may pose the greatest risk to public health.
Benefits no longer have a role in setting new tolerances, but may have a limited role in decisions concerning existing tolerances.
Included special provisions to encourage registration of minor-use and public health pesticides.
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Pesticide Residues in Food
USDA=s pesticide monitoring by the Agricultural Marketing Service (AMS) measures residues on both domestic and imported
samples of fresh fruits and vegetables common in the diets of the U.S. population. Wheat was sampled in 1995, 1996, and 1997,
and whole milk was sampled in 1996 and 1997. The AMS monitoring is used not only to respond to food safety concerns but also
to provide the EPA with data to assess the actual dietary risk posed by pesticides. Without actual exposure data, the pesticide
registration process assumes all producers apply the pesticide and that residues are at tolerance levels or levels observed in field
trials conducted at maximum rates and number of applications and minimum preharvest interval. This assumed maximum risk
might significantly exceed actual risk and jeopardize the registration process for products important to agricultural production.
Pesticide use data can be used to reduce the percent of crop treated assumption from 100 percent.
Some pesticide residues were found on 71 percent of the fruit and vegetable samples in 1993 and 62 percent in (1994 USDA,
AMS, 1995; USDA, AMS, 1996). In 1995, approximately 65 percent of the fruit and vegetable and 79 percent of the wheat
samples had at least one residue (USDA, AMS, 1997). In 1996, about 72 percent of fruit and vegetable, 18 percent of milk, and 91
percent of wheat samples contained at least one pesticide residue (USDA, AMS, 1998b). Detections were more frequent on fresh
produce (83 percent of the samples) than on processed products (39 percent of the samples). About 21 percent of all detections
were from postharvest use on produce to prevent spoilage during storage and transportation. In 1997, 57 percent of fruit and
vegetable samples contained at least one residue, including 70 percent of the fresh produce and 45 percent of the processed
products. About 24 percent of those detections were due to postharvest uses (USDA, AMS, 1998a). Also 15 percent of milk, 80
percent of wheat, and 87 percent of soybean samples contained at least one residue.
However, few detections exceeded established tolerance levels in those years. In 1996, 4 percent of samples had presumptive
violations (USDA, AMS, 1998b). In 1997, 6 percent of fruit and vegetable, 4 percent of wheat, and 1 percent of milk samples had
presumptive violations (USDA, AMS, 1998a). Most violations were for residues for which no tolerance was established on the
use.

use of a pesticide for lawn care. EPA must also consider the increased susceptibility of infants and children or
other sensitive subpopulations to pesticide risks and the cumulative effects from other substances with a
Acommon mechanism of toxicity.@ EPA must review all residue tolerances of currently registered pesticides
against this new standard by 2006, with priority given to pesticides that may pose the greatest risk to public
health. The timetable specifies 33 percent by 1999, 66 percent by 2002, and the remainder by 2006. If risk of a
pesticide exceeds the standard, EPA will reduce residue limits or revoke tolerances for uses of the pesticide until
the standard is met. If a common mechanism of toxicity is identified for a group of pesticides, the cumulative
risk of the group must meet the standard.
In 1997, EPA gave high priority to organophosphates for the FQPA tolerance review and is currently conducting
risk assessments of these materials. EPA also gave high priority to carbamates and probable human
carcinogens. Organophosphate pesticides are a health concern because they affect the enzyme
(acetylcholinesterase) that controls the nervous system. Exposure to these materials can occur through
inhalation, skin absorption, and ingestion; some organophosphates are prone to storage in fat tissues. The most
common symptoms from overexposure are headaches, nausea, and dizziness. However, they can cause sensory
and behavior disturbances, incoordination, and depressed motor function, and, at high concentrations,
respiratory and pulmonary failure. The long-term effects of these chemicals, especially when exposure is during
early growth and development, are not fully known. Of the nearly 1,800 organophosphate tolerances, over 300
are for foods among the top 20 consumed by children. EPA also has expressed concern that organophosphates
exhibit a common mechanism of toxicity, which requires a cumulative assessment of risk. In 1996, AMS
detected organophosphate pesticide residues on many of the fruit and vegetable samples; however, only three
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samples exceeded the established tolerance level for the commodity (see box, APesticide Residues in Food@).
Presumptive violations occurred on 90 samples where no tolerance was established but an organophosphate
residue was detected.
Farmers have used organophosphate pesticides for many years. Many are insecticides that kill a broad spectrum
of insects and have a longer persistence than some alternatives. Due to their large area planted, corn, cotton,
and wheat account for most of the crop acreage treated with organophosphate; one or more organophosphates
were applied to 17 percent of corn, 57 percent of cotton, and 9 percent of wheat acres (table 4.3.11, hyperlink to
.xls file). However, a high percentage of fruit and vegetable acreage is treated with these materials. In
particular, 94 percent of apple, 90 percent of pear, 90 percent of tart cherry, and 81 percent of peach bearing
acres were treated with at least one organophosphate pesticide. In addition, large proportions of broccoli (75
percent), lettuce (67 percent), snap bean (67 percent), tomato (55 percent), potato (52 percent), grape (18
percent), and orange (35 percent) acres were treated. Organophosphates were applied to nearly half the acreage
of crops identified as most common in the diets of infants and children (apples, peaches, pears, carrots, sweet
corn, snap beans, peas, and tomatoes).pesticides classified as probable carcinogens are used on more acreage
than organophosphates, while carbamates are used on less. On field crops in 1997, one or more probable
carcinogens were used on 88 percent of the potato, 30 percent of the corn, and 24 percent of the soybean acreage
(table 4.3.11, hyperlink to .xls file). In 1996, one or more were used on over 50 percent of the watermelon,
strawberry, carrot, celery, eggplant, head and other lettuce, onion, bell pepper, fresh-market cabbage, freshmarket sweet corn, fresh market cucumber, fresh market snap bean, and fresh-market and processing tomato
acreage. In 1995, they were used on over 50 percent of the apple, apricot, blackberry, blueberry, nectarine,
peach, pear, prune, raspberry, and tart cherry acreage. One or more carbamates were used on more than 50
percent of the potato, strawberry, eggplant, head lettuce, bell pepper, fresh market tomato, and nectarine
acreage; and on more than 70 percent of the celery, fresh-market sweet corn, apple, blueberry, and lime acreage.
The tolerance review could result in tolerance revocation, and thus cancellation, for some or all currently
registered uses of these pesticides. If so, growers will have to find alternative practices for the canceled uses.
Depending upon their cost-effectiveness, the use of the alternatives could lower yields or increase costs per acre.
In some cases, one or more organophosphates (or carbamates or probable carcinogens) will be among the
alternative practices for another. For some crops treated with these pesticides, grower returns could decline,
production and acreage could decrease, and prices increase. In some cases, exports might decrease or imports
increase. While they account for a small portion of total pesticide use, several fruit and vegetable crops are
particularly vulnerable to large economic impacts.
A number of regulatory actions occurred as the tolerance review proceeded. In August 1999, the registrants of
azinphos methyl and methyl parathion, both of which are organophosphates, took voluntary actions to reduce
childrenís dietary, worker safety, and ecological risks.
Important Regulatory Actions
EPA has taken a number of important regulatory actions against agricultural pesticides, while other are still
pending (table 4.3.12). In 1994, EPA initiated a special review of triazine herbicides (atrazine, cyanazine, and
simazine). In 1995, the manufacturer of cyanazine voluntarily withdrew its registration rather than proceed with
the special review. Cyanazine, which is identified as a carcinogenic material, was the third most used erbicide
on corn and cotton and was also commonly used on sorghum and other crops to control grasses and broadleaf
weeds. The manufacturer agreed to stop selling products containing cyanazine by 1999.
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In 1993, regulatory action was taken for methyl bromide under the Clean Air Act because of its adverse effect
on the ozone layer in the upper atmosphere. Under that action, production and importation were to be
terminated in 2001. However, the Clean Air Act was amended in October 1998 to extend the phaseout until
2005 and allow exemptions for quarantine, preshipment, and critical uses.
Pesticide Registration Costs
The EPA registration process requires manufacturers to provide scientific data to substantiate that a proposed
product is safe and poses no unreasonable adverse effects to human health or the environment. Test pertaining
to toxicology, reproduction disorders and abnormalities, and potential for tumors from exposure to the pesticide
are required. Other required tests evaluate the effect of pesticides on aquatic systems and wildlife, farmworker
health, and the environment. Registration can require up to 70 types of tests to substantiate the safety of the
product.
All of these regulatory requirements affect the development time and cost of pesticide production. Ollinger and
Fernandez-Cornejo (1995) estimated that the research and development of a new pesticide averages 11 years
and can cost manufacturers between $50 and $70 million. They found that regulation encourages the
development of less toxic pesticide materials but discourages new chemical registrations, encourages firms to
abandon pesticide registrations for minor crops, and favors large firms over smaller ones. They also said that
regulation encourages firms to develop biological pesticides as an alternative to chemical pesticides.
Regulatory Streamlining for Reduced-Risk Pesticides
The EPA has facilitated the development of biological pesticides by establishing a tier approval system in
which, under some circumstances, several tests are waived. These reduced regulation costs have helped lower
the development costs of biopesticides, which are estimated at around $5 million per product (Ollinger and
Fernandez-Cornejo, 1995). Biological pesticides include microbial pesticides, plant pesticides, and biochemical
pesticides. In 1997, the average time to register a biological pesticide was 11 months, compared to 38 months
for a conventional pesticide.
Conventional pesticides can be classified as reduced-risk by having low impact on human health, low toxicity to
nontarget organisms, low potential for groundwater contamination, lower use rates, low pest resistance
potential, compatibility with IPM, or the potential to displace pesticides with human health concerns. The
average time to register a reduced-risk pesticide (other than biological pesticides) is 14 months. EPA reports
that it has registered between 13 and 19 reduced-risk pesticides per year from 1994 to 1998.
The EPA has also facilitated the use of minimum-risk pesticides by establishing a process for exemption from
costly FIFRA requirements. Thirty-one substances deemed to pose insignificant risks to human health and the
environment have recently been deregulated (see box, ADeregulated Minimum-Risk Pesticides@). EPA
considered whether the substances were common foods, had nontoxic modes of action, were recognized by
FDA as safe, and scientific evidence showed no significant adverse effects or persistence in the environment.
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Table 4.3.12--EPA regulatory actions and special review status on selected pesticides used in field crops production, 1972 - October
1998
Regulatory action and date
Pesticide
Alachlor
Uses restricted and label warning, 1987; concerns about groundwater contamination to be addressed
by State management plans.
Aldicarb
Use canceled on bananas, posing dietary risk, 1992. Use on potatoes allowed after new application
techniques showed lower residues, 1995.
Aldrin
All uses canceled except for termite control, 1972.
Captafol
All uses canceled, 1987.
Chlordimeform
All uses canceled, 1988. Use of existing inventory until 1989.
Cyanazine
Manufacturers voluntarily phasing out production by 2000, but stock can be used until 2003.
DDT
All uses canceled except control of vector diseases, health quarantine, and body lice, 1972.
Diazinon
All use on golf course and sod farms canceled, 1990.
Dimethoate
Dust formulation denied and label changed, 1981.
Dinoseb
All uses canceled, 1989.
EBDC (Mancozeb, Maneb,
Protective clothing and wildlife hazard warning, 1982; food uses of nabam canceled in 1989; 8 uses
Metiram, Nabam, Zineb)
canceled and 45 retained, 1992.
EDB
All uses terminated except vault fumigation and quarantine fumigation of nursery stock, 1989.
Endrin
All uses canceled, 1985.
EPN
All uses canceled, 1987.
Ethalfluralin
Benefits exceeded risks, additional data required, 1985.
Heptachlor
All uses canceled except homeowner termite product, 1988.
Methyl Bromide
Annual production and importation limited to 1991 levels and then terminated in 2001, 1993. Clean
Air Act amended to extend the phaseout until 2005 and allow exemptions for quarantine,
preshipment, and critical uses, 1998.
Mevinphos
Voluntary cancellation of all uses, 1994.
Monocrotophos
All uses canceled, 1988.
Parathion
Use on field crops only, 1991; under EPA review with toxicological data requested.
Propargite
Registered use for 10 crops canceled, 1996. Use for other crops remains legal.
Toxaphene
Most uses canceled except emergency use for corn, cotton, and small grains for specific insect
infestation, 1982.
Triazines (atrazine,simazine)
Under review because of concerns about carcinogenicity and ground- and surface-water
contamination.
Trifluralin
Restrictions on product formulation, 1982.
2,4-D (2,4-DB, 2,4-DP)
Industry agreed to reduce exposure through label change and user education, 1992.
Methyl parathion
Voluntary cancellation of all fruit,some vegetable, and some non-food uses, 1999.
Azinphos methyl
Voluntary reduction of use on some fruit; cap on U.S. supply; cancellation of sugar cane use, cotton
use east of Mississippi River, and ornomental and some tree uses, 1999.
Source: USDA, ERS, based on information in EPA, 1998.
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Deregulated Minimum-Risk Pesticides
The following minimum-risk pesticides, mostly from common food substances, were exempted from costly Federal Insecticide,
Fungicide, and Rodenticide Act requirements by the U.S. Environmental Protection Agency in a 1996 ruling: castor oil (U.S.P. or
equivalent), cedar oil, cinnamon and cinnamon oil, citric acid, citronella and its oil, cloves and clove oil, corn gluten meal, corn oil,
cottonseed oil, dried blood, eugenol, garlic and garlic oil, geraniol, geranium oil, lauryl sulfate, lemongrass oil, linseed oil, malic
acid, mint and mint oil, peppermint and peppermint oil, 2-phenethyl propionate (2-phenylethyl propionate), potassium sorbate,
putrescent whole egg solids, rosemary and rosemary oil, sesame and sesame oil, sodium chloride (common salt), sodium lauryl
sulfate, soybean oil, thyme and thyme oil, white pepper, and zinc metal strips.
Source: EPA, 1996a.

Proponents felt that deregulation of these substances would particularly benefit small businesses and the organic
industry and supported the expansion of this list in the future, while opponents were concerned about product
effectiveness (U.S. EPA, 1996a).
New Pest Control Products and Technology
Each year, the EPA registers several new pesticides that producers may use on specified crops if the products
offer improved pest control and are profitable. EPA reports registering between 22 and 31 new pesticides per
year from 1994 to 1998, but not all are for food production. Acetochlor was granted conditional registration in
1994 as an herbicide for use on corn that would help reduce overall herbicide use. The registration allows
automatic cancellation if the use of other herbicide products is not reduced or if acetochlor is found in ground
water. In 1997, about 28 million pounds of the new product were applied to 24 percent of U.S. corn acreage
(appendix table 4.3.2, hyperlink to .xls file). The reduced pounds of alternative herbicides (alachlor,
metolachlor, atrazine, EPTC, butylate, and 2,4-D) more than offset the pounds of acetochlor.
Other pesticide products have significantly affected the quantity of total use. For example, imazethapyr, first
registered for use on soybeans in 1989, has become the most widely used soybean herbicide in the United States.
This herbicide, applied at less than 1 ounce per acre, often replaced trifluralin and other products, applied at
rates many times higher.
Genetically Engineered Plants.
Genetic engineering to develop herbicide-tolerant varieties, plant pesticides, and other pest control products is
augmenting traditional plant breeding. Seed and chemical companies have expanded research and development
on plant biotechnology because of the increasing costs to develop chemical pesticides that meet human health
and environmental regulations and are sufficiently toxic to kill target pests (Ollinger and Fernandez-Cornejo,
1995). Compared with traditional plant breeding, plant biotechnology reduces the time required to identify
desirable traits. In addition, by inserting into the plant a gene that imparts some desirable properties,
biotechnology allows a precise alteration of a plant=s traits, facilitating the development of characteristics not
possible through traditional plant breeding. This technology allows researchers to target a single plant trait,
which decreases the number of unintended characteristics that may occur with traditional breeding techniques.
The development of genetically modified plants takes about 6 years and costs about $10 million, while a
chemical pesticide takes an average of 11 years at a cost of $50-$70 million (Ollinger and Fernandez-Cornejo,
1995).
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A number of seed and chemical companies have been developing plant varieties with resistance to particular
herbicides. Monsanto has developed a soybean variety that is not damaged by Monsanto=s popular herbicide
glyphosate (Roundup) and similar glyphosate-tolerant varieties are being developed for canola, cotton, corn,
sugar beets, and rapeseed oil. Glufosinate ammonium-tolerant corn and bromoxynil-tolerant cotton are also
available. This technology could provide growers with an incentive to use specific pesticides that are effective
at lower application rates than other pesticides. In 1996, the use of herbicide-resistant hybrids or varieties was
reported on 3 percent of corn, 7 percent of soybean, and 2 percent of cotton acreage (table 4.3.5). In 1997, the
reported use increased to 4 percent of corn, 17 percent of soybean, and 11 percent of cotton acreage. By 1998,
reported use increased to 18 percent of corn, 44 percent of soybean, and 26 percent of cotton acreage in
surveyed States in 1998.
Concerns about this technology include the possibility of accelerated weed resistance, as well as the toxicity of
the herbicide products for which the crop tolerance is developed. Danish scientists reported that the genes for
herbicide resistance in transgenic oilseed rape had moved to field mustard, a wild relative, and that this weed
demonstrated herbicide resistance (Kling, 1996).
In March 1995, the EPA approved, for the first time, a limited registration of genetically engineered plant
pesticides to Ciba and Mycogen Plant Sciences, and in August 1995, granted conditional approval for full
commercial use of a transgenic pesticide (Bt) to combat the European corn borer (EPA, 1995). Bt corn, cotton,
and potato varieties are now marketed. This technology could reduce the need to apply conventional chemical
insecticides for such pests as bollworm, tobacco budworm, pink bollworm and European cornborer. In 1996, Bt
varieties were used on 15 percent of cotton acreage and 1 percent of corn and potato acreages (table 4.3.5). In
1997, use increased to 8 percent of corn acreage and 3 percent of potato acreage (and remained at 15 percent of
cotton acreage). By 1998, use increased to 19 percent of corn acreage and 17 percent of cotton acreage in the
surveyed States. Bt seed was planted on 35 percent of cotton acreage in the Mississippi Delta States, where a
major portion of insecticide treatments is for bollworms and budworms.
However, some scientists are concerned that the plants do not produce sufficient levels of pesticides and that the
pest survival rates will encourage pest resistance to Bt, including Bt sprays. This is especially a concern for the
growing number of producers who rely on the foliar-applied Bt, and has led the EPA to approve the new
pesticides conditional on the monitoring for pest resistance and the development of a management plan in case
the insects become resistant. In addition, some scientists have raised concerns about the impact of Bt varieties
on nontarget Lepidopteran insects, such as Monarch butterflies.
The techniques used for developing disease-resistant plants are similar to the immunization of humans by
vaccines. Small amounts of plant viruses are inserted into the plants, which subsequently become immune to
the diseases (Salquist, 1994). The plants are capable of passing this trait from generation to generation. For
example, researchers have developed squash varieties that are naturally virus-resistant, thus preventing insectborne viruses that can destroy up to 80 percent of the squash crop. A number of seed and chemical companies
and several universities have been field-testing insect- and virus-resistant plants, developed with these genetic
engineering techniques, for several major field crops and vegetables.
Consumer concern over pesticide use has prompted biotechnology firms to enter the genetically engineered
plant market. As agricultural biotechnology products attain commercial success, some private investment
funding may shift from the smaller pharmaceutical markets toward agricultural crop protection (Niebling, 1995).
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On the other hand, consumer acceptance of the bioengineered Bt corn, Bt cotton, and other genetically
engineered crops has not yet been demonstrated in major U.S. markets. Hoban (1998) found U.S. consumers
willing to accept biotechnology in food products if they perceive benefits, such as better flavor or reduced
pesticide use, and a low level of risk from the technology. He also said that consumers in some European
countries are less willing to accept biotechnology in foods, as reflected by European Community resistance to
importing Agenetically altered@ commodities from the U.S. These concerns could limit the marketability and
adoption of genetically altered commodities.
The Animal and Plant Health Inspection Service (APHIS) regulates the importation, interstate movement, and
environmental release of certain genetically engineered plants and microorganisms. As of November 30, 1997,
APHIS had approved or acknowledged 876 field releases for insect-resistant varieties since 1987 (24 percent of
the total field trials approved or acknowledged), 359 to test viral resistance (9.8 percent), 153 for fungal
resistance (4.2 percent), and 1,058 field releases for herbicide tolerance (29 percent).
Alternative Pest Management Programs and Initiatives
Pest management systems in the future will reflect public and scientific concerns about the ecological and health
impacts of chemical use. USDA, EPA, and other government agencies have initiated a number of programs to
encourage biological and cultural pest management, and the agricultural industry has initiated voluntary
measures to reduce pesticide use. USDA=s integrated pest management (IPM) programs research and promote a
combination of cultural, biological and pesticide efficiency tools. USDA=s areawide pest management program
implements IPM and biological approaches on an areawide basis. And a new grant program in USDA focuses
exclusively on biologically based pest management. In addition, some of the research done in USDA=s farming
systems programs focuses on alternative pest management (see chapter 4.1 Production Management Overview).
IPM Research and Education.
On September 22, 1993, the EPA, USDA, and the Food and Drug Administration (FDA) presented joint
testimony to Congress on a comprehensive interagency effort designed to reduce the pesticide risks associated
with agriculture. The three goals of this effort are to (1) discourage the use of higher risk products, (2) provide
incentives for the development and commercialization of safer products, and (3) encourage the use of alternative
control methods that decrease the reliance on toxic and persistent chemicals (Browner and others, 1993). This
joint testimony also expressed support for Aa goal of developing and implementing IPM programs for 75 percent
of total U.S. crop acreage@ by the year 2000, ecosystem-based programs to reduce pesticide use, market-based
incentives such as reduced-pesticide-use food labels, and other efforts to help reduce pesticide risks.
The first national study of biologically based IPM in the early 1990's sponsored by USDA and EPA, concluded
that dozens of technical, institutional, regulatory, economic, and other constraints need addressing in order to
achieve broader adoption (Zalom and Fry, 1992). Three constraints were identified for all commodity groups:
(1) lack of funding and personnel to conduct site-specific research and demonstrations; (2) producer perception
that IPM is riskier than conventional methods, more expensive, and not a shortrun solution; and (3) educational
degree programs that are structured toward narrow expertise rather than broad knowledge of cropping systems
(Glass, 1992)
The current IPM initiative in USDA attempts to address the funding constraint and the need for IPM
demonstrations and highlights stakeholder involvement in priority setting for IPM research (Jacobsen, 1996). A
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number of IPM research projects have started to examine biocontrols and cultural practices for several
commodities, especially those that may not have adequate pest management alternatives because of current or
pending EPA regulatory actions or voluntary pesticide registration cancellations.
USDA-CSREES has programs to fund IPM research and extension in the Land Grant universities. A regional
competitive grants program funds research to develop IPM systems and practices, including decision models,
resistant cultivars, and biological and cultural practices to control pests and reduce pesticide use. The extension
program supports IPM education and implementation in every State and also supports an IPM coordinator at
each Land Grant university to develop and coordinate IPM research and extension programs. The Pest
Management Alternatives Program was established in 1996 to fund projects to develop and demonstrate
replacement technologies for pesticides under consideration for USEPA regulatory action and for which
effective alternatives are not available. The program also funds projects to summarize production and pest
control practices and alternatives for high priority pesticides for FQPA tolerance review.
The State Extension Service IPM programs are overseen by designated IPM coordinators, who focus on
developing interdisciplinary pest management programs (Gray, 1995). Over half of U.S. farmers are using a
minimum level of IPM -- including scouting for insect pests and applying insecticides when economic
thresholds are reached (Vandeman and others, 1994) -- as opposed to preventative, calendar-based spraying.
Economic and environmental studies have reported mixed results in terms of the impacts of IPM scouting and
thresholds on pesticide use (Rajotte and others, 1987; Mullen, 1995; Ferguson and Yee, 1995; FernandezCornejo, 1996).
Areawide Pest Management Systems
USDA is also implementing an areawide pest management approach -- through partnerships with growers,
commodity groups, government agencies, and others -- to contain or suppress the population levels of major
insect pests in agriculture over large definable areas, as opposed to on a farm-by-farm basis (Calkins and others,
1996). Biological and cultural methods are the focus of most of these areawide programs.
Some biological control tactics, such as sterile insect releases, are most effective if implemented on a large area
that encompasses many farms (U.S. Congress, 1995). For example, corn rootworm is a highly mobile pest as an
adult and more effectively managed over a large area. The areawide program seeks to provide more sustainable
pest control, at costs competitive with insecticide-based programs, and to reduce the use of chemical
insecticides in agriculture. One successful biologically based areawide program was launched against the
screwworm, a major parasitic pest of livestock, pets, and humans. USDA began releasing sterile male
screwworm flies into wild populations in the 1950's, and by the early 1980's the screwworm became the only
pest successfully eradicated from the United States (U.S. Congress, 1995).
USDA currently has seven areawide projects in various stages of evaluation, pilot testing, and large area
implementation (table 4.3.13). The oldest, the Areawide Bollworm/Budworm Project in Mississippi, was
initiated in 1987. Under this project, serious insect pests of Delta crops, especially cotton, were managed
successfully with natural insect pathogens in small field tests. The project went into a large-area testing phase
with 215,000 acres in 1994 and 1995, expanded to 850,000 acres in 1998, and was completed in 1999. A
competitive technology, transgenic insect-resistant cotton varieties, became widely available in 1998, and
grower interest in the areawide insect pathogen technology declined.
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A regional Codling Moth Areawide Management Program (CAMP) was started in 1995, and uses
pheromone mating disruption to control the coddling moth, the primary insect pest of apples in California,
Oregon, and Washington. CAMP is a cooperative effort between ARS and three Land-Grant universities, and it
aims to reduce organophosphate insecticide use by 80 percent in these apple- and pear-producing States (Kogan,
1996). The coddling moth had grown resistant to the organophosphate insecticide, which required growers to
triple applications of that chemical (Flint and Doane, 1996).
Pilot testing of the project began in 1995/96 on five sites in California and Washington and will continue on
these sites until 2000; ecological and economic impacts are being monitored throughout this period. Initial
results indicate substantial reductions in organophosphate use and a positive response from growers (Kogan,
1996).
One-year pilot tests are also being conducted on a number of sites in California, Oregon, and Washington.
Growers participating in the 1997 and 1998 1-year pilot tests have overwhelmingly adopted this technology
after the ARS/Land Grant university projects ended (table 4.3.14). In 1997, 170 growers with 4,683 acres in
apple and pear production participated in 5 pilot tests, and 79 growers with 5,400 acres participated in 6 pilot
tests in 1998. Crop size ranged from 6 acres per grower at the Manson, WA, site to 139 acres per grower at the
Bench Road, WA, site.
An areawide corn rootworm project was started by ARS and Land Grant universities in 1996 to examine the
use of attractants -- semiochemical baits with tiny amounts of insecticide -- to control this insect (Calkins and
others, 1996). Pilot tests are being conducted in five 16-square-mile sites in Iowa, the Illinois and Indiana
border, Kansas, South Dakota, and Texas. Over 150 growers are cooperating with the project at these sites. The
sites are being monitored for adult corn rootworm insects, and populations are reduced by killing females before
they can lay eggs. The proportion of corn acreage with rootworm populations high enough to require
semiochemical treatments declined between 1997 and 1998 in four of the five sites.
The Federal Crop Insurance Corporation issued a crop insurance endorsement to cover any crop losses that
might occur in testing sites, and a private-sector insurance company is exploring a policy that would cover
growers who use this technology but are not at the test sites. Some private-sector adoption of this technology
has occurred in Texas, where a group of growers has hired consultants to provide areawide implementation.
Carbaryl, a carbamate insecticide, is currently used in tiny amounts in the semiochemical products. ARS is
evaluating several insecticides to replace carbaryl, including a microbial insecticide.
An areawide leafy spurge project was begun in 1997-98 by USDA=s ARS and Animal and Plant Health
Inspection Service, with a diverse group of Federal, State and local agencies. This is the first ARS areawide
project to address a regional weed pest. Leafy spurge is an exotic noxious weed that has infested 5 million acres
of land in 29 States, reducing rangeland productivity, plant diversity and wildlife habitat. The project targets the
21-million acre Little Missouri River drainage region, and four demonstration sites -- covering 62,000 acres in
North Dakota, South Dakota, Montana and Wyoming -- have been set up to demonstrate ecologically based
control to ranchers, parkland managers, and others.
Biological control is the foundation of the leafy spurge project, but multispecies grazing, herbicides, and other
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control strategies are being used in conjunction with biocontrol. Leafy spurge project personnel released 1.6
million brown and black flea grain insects because they beetles, the primary biocontrol agent, in 1998, and
distributed 300,000 additional flea beetles to land owners and managers in the region. Various biocontrol and
other research trials are underway, and baseline data are being collected.
ARS and Land Grant universities also started an areawide project for stored wheat in 1998. Areawide pest
management is applicable for storedmove through the marketing system along with the grain. An areawide IPM
approach, combining improved aeration, sanitation, and monitoring-based fumigation, was used in 13 elevators
in Kansas and 15 elevators in Oklahoma in 1998. The project has developed insect sampling methods, and
collected baseline data on insect densities and pest management costs and practices.
Biologically Based Pest Management
In 1997, USDA-CSREES developed a small Biologically Based Pest Management program under its National
Research Initiative competitive grants program. The program is intended to complement IPM programs, and the
research is expected to be quickly applicable. Research is conducted for the whole spectrum of crop pests,
including weeds, insects, and disease. Biological control research areas include habitat conservation and
enhancement, methods for mass production of biological control organisms, development of new agents,
assessment of conventional and alternative pest management strategies, disease warning systems, and use of
pheromones.
Several dozen projects have been funded under this program since 1997, and over half of these projects have
had agricultural applications. An Iowa State University project has been developing a controlled release
delivery system for pheromone mating disruptants and field-testing the system against corn and cranberry pests
in Iowa and Wisconsin. Utah State University is experimenting with artificial food sources, such as sugar water,
for wasps and other beneficial insects that eat crop pests. Other projects include the University of Minnesota=s
experiment with soil pathogens for suppressing potato scab and the University of Idaho=s study on meadow
hawkweed biocontrol. Issues related to biological control, such as the potential for gene flow between
biocontrol agents modified using recombinant DNA methods and exotic pathogens, are also being researched in
some of these projects.
USDA Incentive Payments
USDA=s Environmental Quality Incentives Program (EQIP) provides assistance to eligible farmers and ranchers
to address natural resource concerns on their lands in an environmentally beneficial and cost-effective manner.
Under this program, cost-share payments may be made to implement one or more eligible structural or
vegetative practices, such as animal waste management facilities or permanent wildlife habitat. Also, incentive
payments can be made to implement one or more land management practices, including improved pest
management. Needs and priorities are identified primarily by local work groups and at the State level.
In fiscal year 1997, pest management was one of the top conservation practices in EQIP contracts. Contracts for
pest management, primarily scouting, were made on 1.2 million acres in fiscal 1997; following prescribed or
improved grazing contracts on 2.8 million acres; and nutrient management contracts on 1.9 million acres. In
fiscal year 1998, North Carolina and Indiana picked pesticide runoff as one of their top statewide natural
resource concerns, and several local priority areas set pesticide reduction goals.
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Voluntary Environmental Standards.
In addition to stronger pesticide regulations over the last decade, voluntary codes for environmental stewardship
and responsible pesticide use in agriculture have begun to emerge. These codes are instituted by the private
sector, enforced by firms themselves, use sanctions such as peer pressure for compliance, focus on life-cycle
impacts, emphasize management systems, and let firms define their own performance standards. They can shift
some of the environmental management costs to the private sector, expand a firm=s environmental focus beyond
the scope of regulation, help a firm integrate environmental and business objectives, and foster long-term
changes in a firm=s environmental consciousness (Nash and Ehrenfeld, 1996).
The Pesticide Environmental Stewardship Program (PESP) was initiated in 1992 by EPA, USDA, and FDA to
facilitate this type of voluntary approach, inviting organizations that use pesticides or represent pesticide users
to join as partners (U.S. EPA, 1996b). Partners agree to implement formal strategies to reduce the use and risk
of pesticides and to report regularly on progress. By 1998, membership in this stewardship program had grown
to 100 partners, including over 45 commodity groups across the country.
Only 15 of the partners to date, including 9 commodity groups, have completed the stewardship strategies that
state how the partner will reduce risks from pesticides. Strategies included funding research for nonchemical
practices, setting up demonstration sites, and supporting continued registration of conventional pesticides.
While none of the commodity groups have set pesticide reduction goals in their strategies, a nonagricultural
partner, the U.S. Department of Defense, set a goal in 1996 to reduce pesticide use by half by the end of fiscal
year 2000.
The California Department of Agriculture has established a similar program, the IPM Innovators Program, to
recognize leaders in voluntarily implementing systems that reduce pesticide risks (Brattesani and Elliott, 1996)
and to inspire other groups that use pesticides to voluntarily adopt similar activities. Also, some States are
examining the potential benefits of IPM certification, while Massachusetts is already operating a APartners with
Nature@ program to recognize growers who follow a set of IPM certification guidelines (Van Zee, 1992).
Coordinator: Craig Osteen (202-694-5547, [costeen@ers.usda.gov]); Major contributors (in alphabetical
order): Jorge Fernandez-Cornejo, Cathy Greene, Sharon Jans, Craig Osteen, Merritt Padgitt.
Pesticide Application Terminology
Amount of pesticide applied is the total pounds of all pesticide active ingredient (excluding carrier materials) applied. Because
this sum can include materials with different toxicities applied at very different rates, differences in the amount applied do not
necessarily represent differences in the intensity of the treatment or potential health and environmental risks.
Land receiving pesticides (acres treated) represents an area treated one or more times with a pesticide material. Pesticide
materials include products used to kill weed, plant, and fungi pests, as well as products used as growth regulators, soil fumigants,
desiccants, and harvest aids.
Number of acre-treatments applied represents total number of ingredient applications made throughout the growing season. A
single treatment containing two ingredients is counted as 2 acre-treatments as is 2 treatments containing a single ingredient.
Number of ingredients applied represents the total number of different active ingredients applied throughout the growing season
on a field. It does not reflect repeat applications of the same ingredient during the production year.
Number of treatments applied represents the number of application passes made over a field to apply pesticides. One or more
pesticide materials may be applied with each treatment. This measurement reflects labor and use of pesticide application
equipment.
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Table 4.3.13--Implementation status of USDA=s areawide pest management projects 1/
Project and objectives

Methods

Pilot test sites

Preliminary results

Cotton Bollworm &
Tobacco Budworm,
Mississippi
(Cotton)

$ Monitoring with
pheromone traps
$ Insect virus (Gemstar)
used on early-season
weed hosts

1990-93: 0-64,000 acres 2/
1994-95: 215,000 acres
1996: 25,000 acres
1997: 215,000 acres
1998: 850,000 acres
1999: project completed

$ More than 70% of moths
killed
$ Reduced insecticide use
$ Yields were maintained
$ Input and management
costs were lowered

Objective -reduce insecticide use
and area treated, maintain yields,
and reduce pest populations
Corn Rootworm
Midwestern U.S. and Texas
(Corn, soybeans, & sorghum)
Objective - reduce insecticide use
and area treated, maintain yields,
and reduce pest populations
Coddling Moth,
Pacific Northwest
(Apples, pears)
Objective - reduce broad spectrum
neurotoxic insecticide use and
maintain yields

Location: Mississipi
$ Monitoring
$ Semiochemical traps
$ Semiochemical bait
(includes tiny amounts
of carbaryl)
$ Semiochemical spray

1996-98 (ongoing): 5 sites

$ Mating disruption
$ Resistant cultivars
$ Sanitation
$ Natural enemies
$ Early season Bt
$ Sterile males

1995-96 (ongoing): 5 sites
1997: 5 additional sites
1998: 6 additional sites
1999: 5 additional sites (planned)

Location: South Dakota, Iowa,
Illinois/Indiana, Kansas, & Texas
Size: 16 sq. miles/site

Location: California, Oregon, &
Washington
Size: Approximately 900 acres/site

Leafy Spurge,
Mountains & Northern Plains
(Rangeland, pastureland, parkland)
Objective - develop and transfer
economical and ecological leafy
spurge management technologies
Stored grain Insects,
Plains States
(Stored wheat)
Objective - increase the
effectiveness and reduce the cost of
pest management

$ Mass releases of weed
predators (insects)
$ Grazing
$ Revegetation
$ Herbicide decision
aids

1997-98 (ongoing): 4 sites

$ Early grain aeration/
cooling in elevators
$ Sanitation
$ Safe-storage period
forecasting
$ Monitoring-based

1998-99 (ongoing): 28 elevators

Location: North Dakota, Montana,
South Dakota, & Wyoming

$ 90% or more of the adults
were killed
$ Natural enemies increased
$ Increased management
costs offset by decreased
input costs
$ Some private-sector
adoption
$ Late-season pesticide use
declined
$ Natural enemies increased
$ Secondary pests declined
$ Fruit damage was below
0.1% economic threshold
$ 1st generation moths were
reduced 80%
$ Some private-sector
adoption
$ Baseline data collection,
including leafy spurge area,
flea beetle densities, georeferencing, and soil samples.

Size: 15,500 acres/site

Location: Kansas and Oklahoma
Size: pilot project elevators handle 31
million bushels of wheat from
800,000 acres of farmland

$ Baseline data collection,
including insect densities and
pest management costs and
practices

fumigation
1/USDA=s Agricultural Research Service (ARS) is administering these projects through partnerships with other Federal agencies, universities,
commodity associations, and other stakeholder groups. 2/ Pilot test acreage varied due to changes in funding and experiment design, and testing was
canceled one year because of severe flooding.
Source: USDA, ERS, based on Calkins et al., 1996; Kogan, 1994; and personal communication with Carrol Calkins, USDA-ARS, Yakima,
Washington, Laurence Chandler, USDA-ARS, Brookings, South Dakota; James Coppedge, USDA-ARS, College Station, Texas, and Dick Hardee,
USDA-ARS, Stoneville, Mississippi; Jerry Anderson, USDA-ARS, Sidney, MT; David Hapstrum, USDA- ARS, Manhattan, Kansas.
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Table 4.3.14--Private-sector adoption of areawide biological control for codling moth 1/
ARS/USDA
1-year test projects

Commodity

Acres

Growers

Average
acres /
grower

Post-project
grower adoption
rate
Percent

----------------Number-------------1997 sites:
Ukiah, CA
Brewster, WA
Manson, WA
Progressive Flat, WA
West Wapato, WA

Pears
Apples
Apples
Apples
Apples & pears

Total
1998 sites:
Roges Mesa, CO
South Shore, WA
East Wenatchee,WA
Babcock Ridge, WA
Bench Road, WA
Elephant Mt., WA

Apples
Apples
Apples
Apples
Apples & pears
Apples & pears

550
2,297
410
603
823

9
48
71
25
17

61
48
6
24
48

100
100
100
100
50

4,683

170

28

95

600
650
500
700
1,250
1,700

17
11
12
7
9
23

35
59
42
100
139
74

100
100
100
100
100
100

Total
5,400
79
68
100
1/ USDA=s Agricultural Research Service (ARS) is administering these projects through partnerships with other Federal agencies,
universities, commodity associations, and other stakeholder groups. The post-project adoption rate reflects the number of growers who
are using private-sector consultants to implement the areawide technology after the 1-year ARS pilot test is over.
Source: USDA, ERS, based on personal communication with Carrol Calkins, USDA-ARS, Yakima, WA.
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Recent ERS Research on Pest Management Issues
"U.S. Organic Agriculture Gaining Ground" Agricultural Outlook, AGO-270, April, 2000. (Catherine Greene).
U.S.-certified organic cropland more than doubled during the 1990ís, and eggs and dairy grew even faster.
Markets for organic vegetables, fruits, and herbs have been developing for decades in the U.S., and organic
grain and livestock markets are emerging. Under USDAís new proposal for regulating organic production and
handling, purchasers of organic foods would be able to rely on uniform national standards for defining the term
ìorganic.î
Pest Management in U.S. Agriculture. Agricultural Handbook Number 717, Aug .1999. (Jorge Fernandez-Cornejo,
and Sharon Jans). The report describes the use of pest management practices, including integrated pest
management (IPM), for major field crops and selected fruits and vegetables. The data came chiefly from the 1996
ERS/NASS Agricultural Resource Management Study (ARMS). Because different pest classes may dominate
among different crops and regions, requiring different pest management techniques to control them, the extent
of adoption of pest management practices varies widely. For example, insects are a major pest class in cotton
production, while minor for soybeans. As insect management has a wider variety of nonchemical techniques
than weed control, cotton growers are expected to be further ahead on the IPM continuum than soybean
producers.
Production Practices for Major Crops in U.S. Agriculture, 1990-97. Statistical Bulletin 969, (Merritt Padgitt, Doris
Newton, and Carmen Sandretto). The bulletin presents information on nutrient and pest management practices,
crop residue management, and other general cropping practices in use on U.S. farms. It illustrates recent trends
in chemical use in crop production, including the use of leading organophosphate and other pesticides. It also
reports the use of cultural practices, such as scouting, soil and tissue testing, protection of beneficial organisms,
and other pest management practices that often complement (or substitute for) the use of chemicals. Information
about crop rotations, cover crops, and crop residue management practices that affect the intensity at which
chemical inputs are applied or their potential movement through the environment is also reported.
ASunk Costs and Regulation in the U.S. Pesticide Industry,@ International Journal of Industrial Organization, 16
(1998): 139-68. (M. Ollinger and J. Fernandez-Cornejo). This paper examines the impact of sunk costs and market
demand on the number of innovative companies, the U.S. share of foreign-based firms, and merger choice in the
U.S. Pesticide Industry. Results are consistent with Sutton's 1991 view of sunk costs and market structure in
that rising endogenous sunk research costs, exogenous sunk pesticide regulation costs, and declining demand
negatively affect the number of firms in the industry, have a stronger negative effect on the number of small
firms, and encourage foreign-based firm expansion.
AEnvironmental and Economic Consequences of Technology Adoption: IPM in Viticulture,@ Agricultural
Economics, 18 (1998): 145-55 (J. Fernandez-Cornejo). The impact of integrated pest management (IPM) on
pesticide use, toxicity and other environmental characteristics, yields, and farm profits is examined for grape
growers. The method is generally applicable for technology adoption and accounts for self-selectivity,
simultaneity, and theoretical consistency. IPM adopters apply significantly less insecticides and fungicides than
nonadopters among grape producers in six states, accounting for most of the U.S. production. Both the average
toxicity and the Environmental Impact Quotient decrease slightly with adoption of insect IPM, but remain about
the same for adopters and nonadopters of IPM for diseases. The effect of IPM adoption on yields and variable
profits is positive but only significant for the case of IPM for diseases, i.e., the adoption of IPM for diseases
increases yields and profits significantly.
AInnovation and Regulation in the Pesticide Industry,@ Agricultural and Resource Economics Review. 27 (1)(1998):
15-27. (M. Ollinger and J. Fernandez-Cornejo). This paper examines the impact of pesticide regulation on the
number of new pesticide registrations and toxicity. Results suggest that regulation adversely affects new
pesticide introductions but encourages the development of pesticides with fewer toxic side effects. The
estimated regression model implies that a 10 percent increase in regulatory costs (about $1.5 million per
pesticide) causes a 5 percent reduction in the number of pesticides with higher toxicity.

ContinuedÖ

Agricultural Resources and Environmental Indicators, chapter 4.3, page 42

AOrganic Vegetable Production in the U.S.: Certified Growers and their Practices,@ American Journal of
Alternative Agriculture. 13 (2)(1998): 69-78, (J. Fernandez-Cornejo, C. Greene, R. Penn, and D. Newton). Organic
farming systems differ fundamentally from conventional ones in their primary focus on management practices
that promote and enhance ecological harmony. Organic farmers also tend to have a different socioeconomic
profile. In this study, we summarize average socioeconomic characteristics and production practices of a
national sample of about 300 certified organic vegetable growers from 14 states are then compared to a large
sample of about 6,900 conventional vegetable growers. The specific materials used by organic growers for pest
and nutrient management are also examined.

"Phasing Out Registered Pesticide Uses as an Alternative to Total Bans: A Case Study of Methyl Bromide,"
Journal of Agribusiness, Vol. 15, No. 1, 1997. (Walt Ferguson, Jet Yee) This article examines how a phase-out
strategy, in place of an immediate ban on all crops, would affect consumers and producers and still achieve
much of the human health and environmental benefits of an immediate and total ban.
Proceedings of the Third National IPM Symposium/Workshop: Broadening Support for 21st Century IPM,
Miscellaneous Publication Number 1542, May 1997, (Sarah Lynch, Cathy Greene, and Carol Kramer-LeBlanc,
editors). IPM program assessment was a major focus of the interdisciplinary IPM symposium/workshop held last
winter in Washington DC. Several papers in this proceedings explore ways to incorporate the economic,
environmental, and public health impacts of IPM programs into research and extension activities.
Organic Fruit Growers Survey, AREI Updates, No. 4, June 1997, (J. Fernandez-Cornejo, R. Penn, and D. Newton).
This report presents selected pest and nutrient management practices used by these growers, as well as
socioeconomic statistics describing the growers. About 190 certified organic fruit producers from 10 major fruitproducing states were surveyed in 1995. Most had become certified in the last 10 years. The majority of organic
growers had at least some college education and 60 percent of the organic growers (and 63 percent of their
spouses) worked entirely on the farm. Most of the surveyed organic growers scouted their fields and used
mechanical tillage for weed control. Other important production practices included using composted manure
and plant materials and planting legumes to increase available soil nitrogen.
Pest Management on Major Field Crops, AREI Updates, No. 1, February 1997 (Merritt Padgitt). This report breaks
out the use of herbicides and insecticides on major field crops (corn, soybeans, winter wheat, cotton, and
potatoes) in 1995 by the various tillage systems, crop rotations, plant densities, row sizes, and number of
cultivations that were used in producing these crops.
AThe Microeconomic Impact of IPM Adoption,@ Agricultural and Resource Economics Review, 25 (2) (1996): 14960, (Jorge Fernandez-Cornejo). This report develops a methodology to calculate the impact of integrated pest
management (IPM) on pesticide use, yields, and farm profits. While the methodology in this case study is applied
to IPM adoption among fresh market tomato producers for insect and disease management, the method is of
general applicability. It accounts for Aself-selectivity@ (IPM adopters may be better farm managers or differ
systematically from nonadopters in some other way) and simultaneity -- farmers= IPM adoption decisions and
pesticide use may be simultaneous -- and the pesticide demand and yield equations are theoretically consistent
with a profit function. In this study, IPM was defined operationally as the use of scouting and thresholds for
making insecticide and fungicide applications and the use of one or more additional IPM techniques for
managing pests.
AThe Diffusion of IPM Techniques by Vegetable Growers,@ Journal of Sustainable Agriculture, 7 (4)(1996): 71-102.
(Jorge Fernandez-Cornejo and Alan Kackmeister). This study examines the adoption/diffusion paths of various
integrated pest management (IPM) techniques among vegetable growers in 15 states, as well as grower
education, regional research levels, and other factors that influence adoption. The authors concluded that the
IPM techniques examined would reach 75 percent adoption between 2008 and 2036, except for scouting, which
attains the 75 percent level during the 1990's.
(Contact about reports: Jorge Fernandez-Cornejo, (202) 694-5537 [jorgef@ers.usda.gov])
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Center for Food Safety Analysis of Data Accessed from the
California Pesticide Incident Surveillance Program
July 2014
California maintains a searchable database on episodes of pesticide-related illness.
Center for Food Safety (CFS) accessed data from this database on July 12, 2014. We
describe our search parameters, results of the search, and results of several analyses
of the data, below.
California Pesticide Illness Query: http://apps.cdpr.ca.gov/calpiq/calpiq_input.cfm?
Search parameters:
Year of Incident: From 1992 to 2011
Agricultural (Ag) or non-agricultural (Non-ag) sources of exposure? Ag
Exposure type: Drift
All other parameters: Default to all
Total Results: 4,620
Each result represents a “case” – that is, the Pesticide Illness Surveillance Program’s
representation of a pesticide exposure and its apparent effects on one individual's
health. The following information is provided for each case:
Year case identified
Case number
County
Relationship (possible, probably definite)
Days lost from work (if any)
Days hospitalized (if any)
Pesticide(s)
Application site
Medical description
Narrative description
Analyses of Data:
1)
Involvement of organophosphate (OP) and carbamate (CA)
insecticides in CA drift episodes
a. Many cases involved more than one pesticide
b. The number of pesticides named in all cases is 8,574.1
It should be noted that the most frequently named “pesticide” was “adjuvant,”
named 925 times. Adjuvants are not pesticide active ingredients, but rather a
variety of substances added to pesticide formulations to increase the efficacy of the
active ingredient. While non-toxic to the target pest, some adjuvants have human
and environmental toxicity.
1

c. Pesticides of the OP and CA class were identified by reference to EPA
lists.2
d. The number of OP (1,928) and CA (240) pesticides named in all cases
of drift was 2,168, or 25% of 8,574.
Pesticide
Aldicarb
Carbaryl
Carbofuran
Formetanate
Hydrochloride
Methiocarb
Methomyl
Oxamyl
Pirimicarb
Propoxur
Thiodicarb
Acephate
Azinphos-Methyl
Bensulide
Chlorfenvinphos
Chlorpyrifos
Coumaphos
Ddvp
Dialifor
Diazinon
Dicrotophos
Dimethoate
Dioxathion
Disulfoton
Ethion
Ethoprop
Fenamiphos
Fenthion
Fonofos
Isofenphos
Malathion
Methamidophos

Pesticide Count
5
15
26

Family
CA
CA
CA

64
0
125
3
0
0
2
20
17
65
0
603
1
2
0
84
0
273
0
30
0
0
13
0
0
0
106
182

CA
CA
CA
CA
CA
CA
CA
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP

For EPA’s list of organophosphate (OP) insecticides, see
http://www.epa.gov/opp00001/reregistration/status_op.htm, last visited 7/13/14.
For EPA’s list of carbamate (CA) insecticides, see
http://www.epa.gov/opp00001/reregistration/status_carbamates.htm, last visited
7/13/14.
2

2

Methidathion
Methyl Parathion
Mevinphos
Monocrotophos
Naled
Oxydemeton-Methyl
Phorate
Phosalone
Phosmet
Phosphamidon
Profenofos
Propetamphos
Sulfotep
Sulprofos
Temephos
Terbufos
Tetrachlorvinphos
Trichlorfon

12
4
50
0
37
156
4
0
18
0
242
0
8
0
0
0
1
0

OP TOTAL
CA TOTAL
TOTAL OP + CA
Total Pesticide Count
% OP + CA/TOTAL

1928
240
2168
8574
25.3%

3

OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP
OP

2)

Involvement of restricted use pesticides (RUPs) used on Kaua’i from
2010 to 2012 in CA drift episodes.
a. 18 restricted use pesticides used agriculturally on Kaua’i were
identified from data on RUP use on Kaua’i from 2010 to 2012.
b. The number of times these RUPs were named in CA drift episodes is
1,032, 12% of 8,574.

Kaua'i RUP
Alachlor
Aluminum phosphide
Atrazine
Beta-cyfluthrin
Bifenthrin
Chlorantraniliprole
Chlorpyrifos
Esfenvalerate
Lambda-cyhalothrin
Mesotrione
Methomyl
Methyl parathion
Paraquat
Permethrin
S-metolachlor
Sulfuryl fluoride
Tefluthrin
Zeta-cypermethrin

No. CA Drift
Episodes
0
19
0
0
22
20
603
108
20
0
125
4
12
63
0
0
0
36
1032

% of CA Drift
Episodes
0.0%
0.2%
0.0%
0.0%
0.3%
0.2%
7.0%
1.3%
0.2%
0.0%
1.5%
0.0%
0.1%
0.7%
0.0%
0.0%
0.0%
0.4%
12.0%

The following page provides a small sample of reports (5 of 4,620) accessed
from the California Pesticide Illness Surveillance Program database.

4

Year Case
Identified

Case
Number
(a)

Relationship
(b)

Days Lost
from
Work (c)

Days
Hospitalized
(c)

Ag/NonAg (d)

1992

2622

SANTA
BARBARA

Probable

1

0

2007

690

TULARE

Probable

2

2008

664

FRESNO

Probable

2009

1054

FRESNO

2011

428

KERN

County

Pesticide

Application Site

Medical Description

Narrative Description

Ag

Adjuvant,
Chlorothalonil,
Esfenvalerate,
OxydemetonMethyl

Broccoli

WATERY EYES, BREATHING
PROBLEMS, DROWSINESS,
NAUSEA AND ITCHY SKIN.

0

Ag

Chlorpyrifos

Almonds

2

0

Ag

Adjuvant,
Esfenvalerate,
GammaCyhalothrin,
Methomyl,
OxydemetonMethyl

Corn

Probable

Unknown

0

Ag

Chlorpyrifos

Grapes

Possible

0

0

Ag

Chlorpyrifos

Oranges

NAUSEA, VOMITING, HEADACHE,
DIZZINESS, DIFFICULTY
BREATHING, FINGER AND MOUTH
NUMBNESS, HOT AND COLD
HANDS, MILDLY STINGING & ITCHY
EYES, ITCHY FACE AND NECK,
SNEEZING. ON EXAM, THE
DOCTOR NOTED EPIGASTRIC PAIN,
CONGESTED EYES AND RASH ON
THE NECK.
HEADACHE, NAUSEA, VOMITING,
DIARRHEA, THROAT IRRITATION,
CHEST PAIN, SHORTNESS OF
BREATH, BLURRED VISION. ON
EXAMINATION, BOWEL SOUNDS
WERE FOUND SOMEWHAT
HYPERACTIVE, BUT PUPILS WERE
SAID TO BE NORMAL. DIARRHEA
LASTED SEVERAL DAYS.
SORE THROAT, DIFFICULTY
BREATHING, SWELLING AROUND
THE EYES. SYMPTOMS BEGAN
ABOUT THREE TO FOUR HOURS
AFTER EXPOSURE. SWELLING
RESOVED IN A FEW DAYS,
BREATHING DIFFICULTY IN ABOUT
A WEEK, AND SORE THROAT
AFTER ABOUT TWO WEEKS.
COUGHING, IRRITATED THROAT,
MUCOSAL BURNING, AND
DIFFICULTY BREATHING. 2 WEEKS
LATER: DIFFICULTY BREATHING,
IRRITATION, AND CHEST PAINS. HE
SAID THAT THE PULMONARY
SPECIALIST WHO SAW HIM 2
WEEKS FROM THE EXPOSURE
DIAGNOSED HIM WITH PLEURISY.

133 YDS. DOWNWIND (2-4 MPH)
FROM AERIAL APPLICATION, 45
HARVESTERS NOTED ODOR. 31
SOUGHT MEDICAL ATTENTION. LOW
LEVELS OF DMTP FOUND IN URINE OF
2 HARVESTERS; 1 SWEATSHIRT TESTED
POSITIVE FOR BRAVO. SEE ALSO 922623 TO 2652. 65-SB-92.
41-TUL-07. SEE 2007-689. THE
VINEYARD CREWS CONSISTED OF 70
WORKERS, 28 OF WHOM WENT TO
THE AREA’S EMERGENCY ROOM TO BE
EXAMINED. OF THE 28 WORKERS, 26
WORKERS REPORTED SYMPTOMS.

A WORKER TOOK HIS OPEN CAB CORN
TOPPER OUT AT NIGHT TO AVOID
HEAT. HE FELT MIST FROM AN AERIAL
APPLICATION A QUARTER MILE
UPWIND & LEFT THE FIELD UNTIL THE
APPLICATION ENDED. HE GOT SICK A
FEW HOURS LATER. HE WAS NOT
NOTIFIED OF THE PENDING
APPLICATION.
SEE 2009-1053. INVESTIGATORS
FOUND THAT FIELD POSTING SIGNS
WERE INCOMPLETE AND SPACED TOO
FAR APART, THAT THE APPLICATOR
HAD NOT BEEN GIVEN CHEMICALRESISTANT BOOTS (REQUIRED BY THE
LABEL), AND THE APPLICATION STILL
HAD NOT BEEN REPORTED AFTER 7
MONTHS.
A SECURITY GUARD DEVELOPED
SYMPTOMS WHILE PATROLLING THE
RANCH PREMISES DURING A PESTICIDE
APPLICATION HALF A MILE AWAY. HE
SOUGHT CARE BUT HIS SYMPTOMS
PERSISTED TWO WEEKS AFTER
EXPOSURE. THE FARM SUPERVISOR
HAD INFORMED HIM OF THE
APPLICATION.

Memorandum
To:

The Joint Fact Finding Study Group for Pesticide Use by Large Agribusinesses on Kaua`i
Dr. Peter Adler, The Accord3.0 Network

From: Janet E. Collins, Ph.D., R.D., Senior Vice President Science and Regulatory Affairs
Date: April 9, 2016
Re:
Attachments: 7

CropLife America (CLA) appreciates the opportunity to comment on the Draft Report -- Pesticide Use by
Large Agribusinesses on Kaua`i (Draft Report). Established in 1933, CLA represents the developers,
manufacturers, formulators, and distributors of plant science solutions for agriculture and pest
management in the United States. CLA’s member companies produce, sell, and distribute virtually all
the crop protection and biotechnology products used by American farmers.
It is CLA’s understanding that the Draft Report represents the outcome of a year-long effort by the Joint
Fact Finding Study Group (the Study Group) meant to help dispel confusion, divisiveness, and public
concern resulting from the legal use of pesticides by the seed corn industry on Kaua`i. Although much
effort went into the Draft Report, CLA is very concerned that the Study Group has missed an opportunity
– without significant revision, the Draft Report does not dispel confusion, divisiveness and public
concern. Instead, it does the opposite; creating greater unnecessary public concern and divisiveness.
Rather than highlighting the positive metrics – infrequent pesticide detections and no evidence of
adverse pesticide impacts on Kaua`i’s public health, bees, wildlife, or environment – the Draft Report
focuses on supposed “signals” the Study Group derived from innocuous data (e.g., occasional detections
of pesticides at levels below regulatory concern), personal communications and unpublished “studies”
(e.g., a high school student’s science fair project on honey, the student advisor for which is the Chair of
the anti-pesticide group, Hawaii Surfrider Foundation). To further create concern where none exists,
the Draft Report also makes irrelevant comparisons between pesticide use patterns of single-season per
year mainland commodity corn farms to pesticide application multiple-seasons per year Kaua`i highvalue hybrid corn seed nurseries. On the other hand, it fails to cite or even mention the large volume of
publicly available information from the U.S. Environmental Protection Agency (EPA) – the federal agency
tasked with regulating pesticide use – regarding the safety evaluations which underlie all pesticide
registrations and EPA-approved label instructions. Instead, the Study Group took the protective legal
statements on EPA-approved pesticide labels as “signals” of concern. Unfortunately, the Draft Report’s
focus on potentially concerning “signals” completely overshadows what should be a good-news story –
pesticide use in Kaua`i seed corn production shows no adverse effects on human health or the
environment while such operations boost Kaua`i’s local economy.
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Because the Study Group found no evidence of adverse effects, it is unclear to CLA why the Draft Report
seeks to validate unfounded concerns and to justify a call for greater regulations. We urge the Study
Group to reconsider the Draft Report. In the attached appendices we describe our specific concerns
regarding:
The perceived political imperative of the Study Group;
The Draft Report’s failure to recognize the extensiveness of EPA’s pesticide registration process;
The mischaracterization of interagency consultation on FIFRA and the Endangered Species Act;
The Draft Report’s inaccurate comments on perceived endocrine disruption issues;
Incorrect statements on pesticide risk assessments
Improper use of epidemiological data;
Water quality matters on Kaua`i; and
Comments on suggested human health impacts.
CLA appreciates the opportunity to comment on the Draft Report, and also supports the separate
comments submitted by our member companies and the Hawaii Crop Improvement Association. Please
do not hesitate to contact me at +1 (202) 833-4474 or jcollins@croplifeamerica.org, should you wish to
discuss these comments.
Sincerely,

Janet E. Collins, Ph.D., R.D.
Senior Vice President,
Science and Regulatory Affairs
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The Political Imperative of the Study Group
Appendix 1 – CLA Comments on the Draft Report –
Pesticide Use by Large Agribusinesses on Kaua`i
Study Question #1 asked “currently are there detectable and measurable human or environmental
health impacts on Kaua`i associated with corn seed company pesticide programs?” Other questions
included: If “yes,” what are they?” If “yes,” what should be done?” Because the Study Group
determined that the answer to the first question is “no,” only the first question should have been the
focus of this Report.
The good news is the first answer was “no adverse impacts.” The Study Group found:
No pesticide detections exceeded regulatory standards set by EPA for lifetime safe exposures;
No evidence that pesticide use is producing problems with insectivores such as birds and bats;
No evidence that pesticide use is affecting bees and other pollinator populations;
No evidence of higher birth defect rates;
No evidence of higher cancer rates; and
No evidence that pesticide use by the seed corn industry is harming Kaua`i or its people.
A reader, however, must hunt to find these good news statements because they are buried in the Draft
Report, suggesting that local politics, and not science may be driving the push for greater concern and
regulation. For example, on page 8, the Study Group states: “There is no statistically significant
evidence that shows causality between seed company pesticide use and harms to Kaua`i’s flora and
fauna. However, considering the clear legal warnings on pesticide labels, the Study Group finds
important indications that signal Hawai`i’s political, regulatory and community leaders need to be far
more attentive to pesticide issues.” Such statements are repeated throughout the Draft Report on one
topic after another, leaving the impression that the Study Group may have a political, rather than
scientific, imperative.
Despite the lack of any adverse impacts, the Draft Report calls into question current federal and state
regulation of pesticide use, requesting that state regulators revise pesticide regulations to increase
environmental, agricultural, and health data collection and also establish new standards for “chronic,
low-level exposure” to pesticides. In addition, among other policy changes, the Study Group calls for the
appointment of a high level action-oriented Interagency Task Force to establish new state standards for
“chronicity” that take account of low level “continuing and cumulative exposures” to pesticides;
undertake a major update of Hawai`i’s pesticide laws and regulations; improve and expand the Good
Neighbor Program to make it mandatory and annually audited for compliance; establish and apply a
buffer zone policy with “green screens;” require mandatory medical checks; initiate a user fee on
pesticide sales; and improve HDOA’s geographic systems. All of this despite no reported adverse effects.
Politics has no place in this study. CLA believes the Study Group may be perceived to have a political
imperative it was not instructed to address. Its task was to evaluate the scientific support for impacts or
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lack of impacts from pesticide use on human health and the environment on Kaua`i. Recommendations
were to be keyed to that task. The Study Group should revise the Draft Report to remove conjecture
and refocus on the assigned task.
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Extensiveness of EPA’s Pesticide Registration and Reregistration Process
Appendix 2 – CLA Comments on the Draft Report –
Pesticide Use by Large Agribusinesses on Kaua`i
Near the end of the Draft Report, on p. 71, the Study Group includes the following brief paragraph
purporting to describe the testing and regulatory standards established by EPA, stating:
During the pesticide registration process by EPA, a detailed label is created with precise
directions for appropriate application. Because of their higher hazard levels, RUPs have
an added requirement of 2 years of recordkeeping of sales and use by the applicator.
Some argue that EPA safety standards for soil, water, air or food toxicities are too
permissive because they are determined by a single static measurement that puts a
pesticide below or above a set standard. Standards and regulations do not commonly
address combinations of applied pesticides. In some instances, EPA’s allowable levels
may be higher than allowable levels adopted by other countries around the world that
set more precautionary standards. Standards generally apply to acute rather than
chronic exposures. Critics argue that a single number focusing on acute exposures may
not reflect accumulations that could occur through longer-term low levels of exposure.
It is also not clear if all standards are relevant to subtropical climates such as Hawai’i’s.
Given this Draft Report’s focus is pesticide use, we find it concerning that the Draft Report does not
contain a more developed summary of the Environmental Protection Agency (EPA)’s pesticide
registration programs and standards under the Federal Insecticide Fungicide and Rodenticide Act
(FIFRA). Indeed, one could read the Draft Report as suggesting that EPA’s pesticide requirements are
unscientific, weak, and may not properly fit the circumstances on Kaua`i. As one example, the above
statement that pesticide use standards do not generally consider chronic exposures is simply not true.
EPA requires extensive testing for not only acute exposures, but also sub-chronic and chronic exposures.
See e.g., https://www.epa.gov/pesticide-registration/data-requirements#dh. A Draft Report containing
incorrect statements, such as the above, does little to inspire confidence in, not only the Draft Report
itself, but also the EPA’s and the Hawaii Department of Agriculture’s pesticide regulatory programs.
CLA is also concerned that the Draft Report overlooks EPA’s Worker Protection Standards and Restricted
Use Product (RUP) Applicator Training and Certification regulations that apply to all seed companies on
Kaua`i. These regulations have extensive requirements aimed at protecting not only the members of
Kaua`i society who are employees of the seed companies, but bystanders and neighbors as well. In
simply stating that, “because of their higher hazard levels, RUPs have an added requirement of 2 years
of recordkeeping of sales and use by the applicator,” (p. 71) the Study Group overlooks the vast majority
of other safety requirements that Kaua`i seed companies must meet to control pests in their production
of hybrid seed corn. CLA recommends that the final report include a more complete summary of these
RUP requirements.
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The actual steps to have a pesticide registered for use are complex and, more often than not, require
several years to complete. Pesticides are strictly regulated under FIFRA and the Federal Food, Drug and
Cosmetic Act (FFDCA). Through subsequent major revisions to FIFRA in 1972, 1975, 1978 and 1988,
Congress has increasingly provided for a comprehensive pesticide regulatory system. Under FIFRA, EPA
must register a pesticide before it can be sold or used in the United States. See 7 U.S.C. § 136(a). To
register a pesticide use, EPA must determine that the chemical will perform its intended function
without generally causing any “unreasonable adverse effects on the environment.” Id. Under the
FFDCA, residues of any pesticide remaining on food must be found to be “safe” meeting very tough
standards to assure there is a “reasonable certainty of no harm” to those consuming the food. See 21
U.S.C. § 342. Potential environmental and human health risks from pesticide use are assessed according
to a simple formula: risk = hazard x exposure. That is, a pesticide “risk assessment” is an evaluation of
the possible hazards associated with pesticide use along with the likelihood of exposure to the pesticide
depending on what crops and application methods are being considered. EPA conducts a scientific risk
assessment to support each pesticide registration.
Pesticide risk assessment is a complex process, requiring the integration of scientific data and
information across a broad range of activities and disciplines, including: 1) residue characterization, 2)
fate and transport modeling, 3) exposure assessment, and 4) dose-response assessment. For each risk
assessment, EPA incorporates the relevant data and information about the pesticide. Where relevant
chemical and/or site-specific data are not available, EPA uses specific and conservative default
assumptions and extrapolations to fill in the data gaps. In general, EPA’s default assumptions are based
on peer-reviewed studies, empirical observations, extrapolation from related observations, and
scientific judgments about how to best evaluate the effect being evaluated.
In order to ensure that a pesticide can be used safely, pesticide products are subject to up to 250
laboratory and field tests in order to receive and maintain EPA product label registration. The exact
group of tests that must be performed for each pesticide depends on how it will be used. The tests
involved include those related to: a) chemistry, b) toxicology testing in animals, c) residues in food and
feed, d) environmental fate, e) ecological effects, and f) efficacy. (See the complete list of studies
required for food use pesticides at https://www.epa.gov/test-guidelines-pesticides-and-toxicsubstances/final-test-guidelines-pesticides-and-toxic.) In addition, EPA is required by law to review a
pesticide registration every 15 years, in a process that 1) requires current data using state-of-the art
protocols and scientific techniques; 2) reviews studies available in the published literature; and 3)
requires new risk assessments to ensure the registered pesticide complies with all modern policies and
practices. Public input is openly sought by EPA numerous times during the registration review process,
including at the start of registration review, upon completion of the draft risk assessment, and when the
final reregistration assessment and use practice changes are being developed.
Registration application packages contain thousands of pages of test data that are reviewed by scientific
and administrative branches of the EPA’s Office of Pesticide Programs. EPA approval of a pesticide
application is based on voluminous amounts of information, reviewed by many experts, across a number
of scientific disciplines. The information is developed and submitted by the pesticide company, which
must follow an extensive list of requirements for what data must be submitted, how the tests are
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conducted, how the data are analyzed, questions which must be answered, and so on. Estimates of the
cost of developing the required research and testing data for a new pesticide can be more than $50
million (or even up to more than $100 million depending on the number of uses and possible use across
different global markets). Producing this large amount of scientific data can take up to ten years to
generate and complete regulatory approvals.
FIFRA requires that accurate labels that include very detailed directions for using the pesticides be
placed on all pesticide containers. The label is a legally binding document, and sets forth all the
directions for use and the specific precautions necessary to protect users, consumers, and the
environment. Use of the product contrary to the label directions is a violation of federal law, and
violators may be subject to civil and criminal penalties. EPA requires that pesticide labels list precise
application methods, application rates, and specific instructions to assure applicator and bystander
safety, including: a) protective clothing requirements for applicators and farm workers; b) directions for
safe application of the product; c) instructions and warning statements about specific hazards; d) time
limits on reentry of farm workers into treated fields; e) environmental warnings; and f) proper container
disposal. In addition, states approve a state label where they may impose additional use conditions
appropriate for their state. At any time, EPA reserves the right, and has the duty, to impose additional
label restrictions or disallow suggested changes in order to ensure that there will be no unreasonable
adverse effects when using the pesticide according to the label instructions.
Many agricultural pesticides are classified as “general use products,” usable by any responsible
individual when following the product label and other applicable state or federal restrictions. Because
of specific hazards, some pesticide products require special care and attention to protect product users,
the public, or the environment. These are “restricted use” products (RUPs), and can be sold only for use
by or under the supervision of state-certified applicators. Certified applicators of RUPs are farmers or
commercial applicators who have passed EPA-approved, state-administered training courses and
examinations in pesticide handling and safety. Applicators who violate label restrictions can have their
certifications canceled and can be subject to additional penalties.
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Interagency Consultation on FIFRA and the Endangered Species Act
Appendix 3 – CLA Comments on the Draft Report –
Pesticide Use by Large Agribusinesses on Kaua`i
On p. 44 - 45, the Draft Report briefly comments on the processes by which federal agencies regulate
pesticides relative to protections of endangered and threatened species under the Federal Insecticide
Fungicide and Rodenticide Act (FIFRA) and the Endangered Species Act (ESA). The Draft Report states:
Even when the registered application amounts and methods for these pesticides are
followed, federal agencies have determined that in some cases the allowed use will
have negative effects on endangered species….When EPA uses these [pesticide]
numbers in their risk assessments on threatened and endangered species, other
agencies such as the Fish and Wildlife Service (FWS) or National Marine Fisheries Service
(NMFS) frequently do not concur with EPA findings. For example when reviewing the
potential effects of pesticides on threatened and endangered species, EPA found the
effects would be insignificant, discountable, or non-existent 123 different times while
NMFS determined that the pesticide would jeopardize the continued existence of a
listed species.
This brief statement fails to accurately characterize the ongoing interagency efforts by the
Environmental Protection Agency (EPA) with the FWS and NMFS (collectively, the Services) to satisfy
both FIFRA and ESA mandates. EPA has responsibility for regulating pesticides, using the standard
required under FIFRA, to ensure that the proposed use does not cause “any unreasonable adverse
effects on the environment (including fish, wildlife and ‘non-target’ plants), taking into account the
economic, social and environmental costs and benefits of the use of any pesticide,” before pesticide
registrations or amendments to existing pesticide registrations can be granted. See 7 U.S.C. § 136(c).
The ESA requires all federal agencies, including EPA, to ensure that agency actions do not jeopardize
threatened or endangered species or their critical habitats. See 16 U.S.C. § 1536(a).
EPA and the Services have historically disagreed on fundamental legal and science policy matters related
to their respective obligations under FIFRA and the ESA. To address some of the interagency issues,
Congress requested a panel of the National Academy of Sciences (NAS) to issue a report providing
guidance to EPA and the Services on six key scientific issues at the heart of the agencies’ disagreements
regarding the ecological risk evaluation of pesticides. This report was published in 2013 and is now
driving the development of an inter-agency review process to evaluate the possible effects of pesticide
use on listed species. The EPA’s and the Services’ ongoing development of new procedures to further
review pesticides to meet both FIFRA and ESA requirements does not mean, however, that pesticide
detections are causing harm to the local ecosystems, including endangered and threatened species.
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Report Comments on Perceived Endocrine Disruption Issues
Appendix 4 – CLA Comments on the Draft Report –
Pesticide Use by Large Agribusinesses on Kaua`i
CLA is concerned with the Draft Report’s brief statements about endocrine disruption potential related
to pesticide exposure, specifically exposures to atrazine but also other products. Atrazine is one of the
most thoroughly studied pesticides on the market today. EPA has reviewed more than 7,000 studies,
and has convened 13 independent FIFRA Scientific Advisory Panels to review specific human and
ecological science questions related to atrazine safety. EPA has continually confirmed that atrazine is
safe when used according to the stringent restrictions on the federal labels. EPA is in the process of
updating the atrazine registration as part of the normal 15-year reregistration required of all pesticides,
and will publish draft risk assessments for public comment in 2016.
Citing studies from 1989 to 2004 the Draft Report states (Appendix 2, pp. 48-49):
Atrazine is now known to be a highly potent endocrine disruptor and persists in the
environment after its use. Extensive scientific research has demonstrated that atrazine
causes substantial negative reproductive effects in a variety of taxa when exposure
occurs, even at concentrations as low as 0.1 ppb. Impairing reproduction through
endocrine disruption, lowering reproductive output, chemical castration, disrupting
development and immunosuppression are among the types of harms that atrazine
causes, all of which represent sub-lethal effects not considered by EPA.
Unfortunately, the Draft Report fails to note more recent evidence, such as the June 29, 2015 EPA
Endocrine Disruption Screening Program (EDSP) communication, EDSP Weight of Evidence Conclusions
on the Tier 1 Screening Assays for the List 1 Chemicals, Greg Akerman and Amy Blankinship, EPA Health
Effects Division, to Jolene Trujillo, EPA Chemical Review Manager, Office of Pesticide Programs.
https://www.epa.gov/ingredients-used-pesticide-products/endocrine-disruptor-screening-program-tier1-assessments In this communication, EPA officially commented on atrazine, noting the potential in the
imprecise Tier 1 screens for atrazine to interact with endocrine pathway markers, but concluding that it
could not recommend atrazine for more advanced EDSP Tier 2 testing with mammals, fish, amphibians
or birds because atrazine is not expected to impact current EPA-established regulatory human health
endpoints or ecological end points.
In Appendix 2 (p. 116), the Draft Report also points to glyphosate as having endocrine disruption activity
based on a limited scale of study. Glyphosate’s lack of endocrine activity was reaffirmed in 2015 by
EPA’s EDSP officials.
Because EPA has concluded that the pesticides at issue in the Draft Report are not likely to interact with
endocrine pathway markers, CLA urges the JFF Study Group to remove this discussion given it does not
represent recent EPA regulatory conclusions and because it otherwise may cause confusion and
divisiveness.
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Statements on Pesticide Risk Assessments and Use of Epidemiological Data
Appendix 5 – CLA Comments on the Draft Report –
Pesticide Use by Large Agribusinesses on Kaua`i
In a number of places the Draft Report relies on general assertions based on proposed epidemiological
associations of pesticide exposures to potential harm. Various statements about pesticides taken from
unsubstantiated sources are cited with a listing of disease endpoints leaving the inappropriate
impression of a known causal link between the disease endpoints and pesticide use. For example, the
Draft Report states (p. 60): “[f]or children, association with exposure from pesticides such as
chlorpyrifos may include an increased incidence of birth defects and neurobehavioral conditions
including autism, developmental delay and attention deficit disorders (ADHD).” The authors repeatedly
point to studies selected to support their claims of an association between low-level pesticide exposures
and an array of possible health effects. These selections overlook reference to the more exhaustive and
reliable analysis and methods that are used by the Environmental Protection Agency (EPA) in
determining allowable uses of a pesticide. No reference is made to the voluminous data that form the
basis of an EPA registration of every individual pesticide formulation.
Reference to epidemiological studies to make causal assertions about pesticide exposures is very
controversial, as such studies are typically not specific enough to reach reliable regulatory conclusions.
This issue is currently a subject of intense debate before an EPA Federal Insecticide Fungicide and
Rodenticide Act Science Advisory Panel, which reviews pesticide science issues. Epidemiologic studies
may suggest statistical associations that are largely assumption-based, not cause-and-effect
relationships, and because of that it is not possible to completely exclude the potential for
nonsignificant effects driven by other exposures and confounding factors. Often the raw data from
these studies are not available for regulatory scrutiny.
The Draft Report mentions EPA assessments that are taken out of context and do not represent the
means by which EPA generally conducts risk assessments supporting pesticide registrations. For
example, EPA has often stated that their toxicological models are intentionally very conservative,
designed to be a “screen” indicating a possible need for further consideration, confirmatory data, etc.
The Draft Report cites numerical “triggers” that are not designed to be the final regulatory conclusion of
an evaluation misrepresents the meaning if certain levels are exceeded. As stated earlier in these
comments, a federal approval of the use indicates that use according to the pesticide label directions
will not cause unreasonable risks to “man or the environment.”
EPA currently bases health and safety standards for pesticide regulation on guideline toxicology studies
conducted under EPA-approved protocols, consistent with EPA-required documentation and
recordkeeping. When data conflicts occur and regulatory decisions must be made, higher quality data
from robust studies designed to address the specific pesticide and use level must be used over data of
lesser quality from studies not designed for regulatory decision making. Other data may provide a basis
for additional investigation, but such data cannot not be accorded greater weight than high-quality
studies conducted according to guidelines specifically designed for regulatory use. To do so would result
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in serious damage to the scientific credibility of established risk assessment methods used by EPA and
other regulatory bodies.
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Water Quality Matters on Kaua`i
Appendix 6 – CLA Comments on the Draft Report –
Pesticide Use by Large Agribusinesses on Kaua`i
The water studies conducted on Kaua`i, and reported by the Draft Report, show either no detections of
pesticides or trace level detections, and in only two cases did those levels exceed an Environmental
Protection Agency (EPA) aquatic life benchmark or regulatory standard. As the Draft Report notes (p.
35), there is “Some evidence of pesticide migration in water, albeit in trace amounts, mostly from
persistent legacy pesticides and most, with some important exceptions, at levels below EPA action
standards.” Given the long history of agricultural sugar cane, pineapple, and corn seed production on
the island, one would think a prominent signal of any adverse environmental impacts from these
agricultural activities would be frequent indications of groundwater and/or surface water
contamination; such is not the case.
The Draft Report correctly notes there is limited data on pesticide detection in Hawai`i’s surface and
ground water, including Kaua`i, and no comprehensive monitoring. The Draft Report excerpts from the
Hawai`i Evaluation and Emergency Response Office’s 2014 Pesticide Sampling Pilot Project, which
included eight sample sites for water quality on Kaua`i, four of which were downstream of corn seed
operations on Kaua`i’s Westside. At only one Kaua`i study site, a drainage canal at Kikiaola Boat Harbor,
were any pesticides detected (atrazine and metolachlor) at concentrations exceeding an aquatic life
benchmark. At Kikiaola, atrazine was detected at 2.05 μg/l, which is less than the state and federal
drinking water standard of 3.0 μg/l and the EPA aquatic ecosystem Level of Concern of 10 μg/l over a 60day period. The level exceeds EPA’s aquatic life benchmark of 1.0 μg/l established for protection of
freshwater algae. There was no atrazine detected in samples collected at three other sites on Kaua`i,
and at the four remaining sites only trace amounts of atrazine (ranging from 0.005 – 0.022 μg/l) were
detected, well below state and federal human health and aquatic life benchmarks. Also at the Kikiaola
site, the detection of metolachlor (1.07 μg/l) just slightly exceeded the EPA aquatic life benchmark of 1.0
μg/l for freshwater invertebrates. There are no federal regulatory standards for metolachlor in drinking
or surface water. CLA is concerned that rather than state the detection of trace quantities of pesticides
alone does not automatically equate to adverse effects on the aquatic environment, the Draft Report
concludes (p. 90) that “…it is reasonable to conclude that at least these two RUPs have contaminated
some surface waters in concentrations that could affect organisms and ecosystems (emphasis added).”
We encourage the Study Group to revise this statement to read that there is insufficient data to draw
conclusions about the impact of pesticide use on Kaua`i’s aquatic ecosystems.
The Draft Report references (p. 38) a U.S. Geological Survey (USGS) pesticide mapping tool for use to
predict pesticide concentrations in streams of Kaua`i. This is incorrect – in its current form the tool
cannot be used on Kaua`i. The USGS pesticide mapping tool is based on modeling and data for the
conterminous United States. (Stone et al., 2013), and does not include data from Hawai`i, and cannot be
used to generate predictions for Kaua`i. At this point USGS has no current plans for developing
statistical pesticide models for Hawaii because of insufficient data on stream concentration and
pesticide use. CLA encourages the Study Group to remove the reference to the USGS pesticide mapping
tool in the final report.
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Report Statements about Human Health Impacts
Appendix 7 – CLA Comments on the Draft Report –
Pesticide Use by Large Agribusinesses on Kaua`i
On the topic of responses to human health statements in the Draft Report, CLA will defer principally to
the detailed comments submitted by its members on their specific products. However, we offer the
following general observations.
The Study Group was tasked with determining whether there is evidence of discernable health impacts
attributable to pesticide applications by Kaua`i’s seed companies or Kauai Coffee. The Study Group
sought to examine local data for approximately 20 health conditions “associated with pesticide exposure
in the emerging medical literature” and recommended (p. 51) by several confidential advisors. The
Study Group observed that five of these health conditions (obesity, diabetes, renal disease, attention
deficit hyperactive disorder, and developmental delay) appeared to be somewhat elevated on the
Westside (p. 90) although limited data were available. The Study Group therefore concluded “[t]he
Kaua’i health data examined does not show a causal relationship between the pesticides used by the
seed companies and the health problems experienced on the Westside or any other part of Kaua’i.”
It is unfortunate the Study Group did not also examine the 2014 Kaua`i Community Health Improvement
Plan. https://www.hawaiipacifichealth.org/media/2920/kauai-health-improvement-plan-2014.pdf It is
a technical study of health issues related to the environment on Kaua`i, developed by the combined
efforts of every major, relevant constituency on Kaua`i, representing health, medical care, education,
housing, the built environment, and others in a task force formed by the Kaua`i County Health
Improvement Initiative. Sponsors included the Wilcox Memorial Hospital; Hawaii Department of Health
-- Kaua`i District Health Office; University of Hawaii; Kaua`i District Area Schools; The Governor’s Office;
and Kaua`i Community College. While the plan carefully assessed a broad array of chronic health issues
for Kaua`i residents and proposed a path forward for alleviating the causes, reducing “pesticide
exposure” was not identified as an issue or outcome – despite the ongoing controversy at that time in
newspapers and among activist organizations. To the contrary, the Kaua`i health leaders recommended
the reestablishment of the island’s vector-control program to reduce dengue fever, West Nile virus, and
other diseases.
CLA is concerned that the Study Group has a misunderstanding of pesticides, their regulatory
boundaries, and the body of science associated with the interaction of pesticides and human health.
This has resulted in a Draft Report that fundamentally misses the mark, for it has devolved into page
after page of pathos about (p. 91) “a world-wide increase in the probable effects of chronic (as opposed
to acute) exposures to pesticides and, more generally, the larger chemical environment to which
everyone is probably exposed.” The Draft Report concludes (p. 91) “[t]he science regarding health
conditions associated with pesticides and other chemicals continues to evolve and requires careful study,
monitoring and management.” It is on this basis alone, and despite the Study Group’s and EPA’s
determination that pesticides on Kaua`i do not pose any unreasonable harm to humans or the
environment. that the Study Group calls on state regulators to greatly increase pesticide regulations to
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strengthen environmental, agricultural, and health data collection, and to establish new standards for
“chronic, low-level exposure” to pesticides.
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Specific comments on chlorpyrifos and 2,4-D:

iii. Regulatory Status

X. Recommendations

JFF Appendix 2
Neurodevelopment/Neurobehavioral Effects

E. Enlist Duo

Hawaii Report 2016
DuPont Pioneer respectfully submits comments in response to the recently published draft Joint
Fact Finding Group (JFFG) Report. The study group stated a desire to be fact-based. However,
there are several areas where what is written or recommended in the draft report is not based on
fact. For example, the authors suggest more rigorous and scientific data are needed, but fail to
cite the existing academic and peer-reviewed scientific and academic papers that document
pesticide safety. The recommendations offered are not consistent with the report findings of “no
harmful effects.” Both federal and state governments have extensive regulatory frameworks that
govern the review, registration, use and, reregistration of all classes of pesticides (e.g., Restricted
Use Pesticides “RUP,” and General Use Pesticides “GUP”) – another fact not clearly
communicated in the report. These processes are readily accessible by the general public on
government and official reporting websites as well as on-label when it comes to product use
restrictions and stewardship. As explained more below, factual information relied on by the
JFFG,including, but not limited to, pesticides used by individual companies in Kaua’i, is
incorrect. (These comments do not attempt to point out all of the shortcomings and inaccuracies
of the report, but are designed to provide some top level categories of the information for the
JFFG to further consider.)
DuPont Pioneer urges the JFFG to become familiar with this factual information before
finalizing the report, in order to make more informed recommendations for the benefit of our
community and neighbors. References to factual information, including published and peerreviewed analyses, articles and research for consideration should be evaluated before developing
the final JFFG report and any subsequent recommendations. DuPont Pioneer appreciates the
opportunity to comment on the Draft Report and also supports the comments submitted by Crop
Life America and the Hawaii Crop Improvement Association.
Health Impacts
For the human health component, the JFFG was tasked with evaluating potential associations
between pesticide use and adverse health effects. The Study Group performed a literature search,
identified several health outcomes and collected related data for Kaua’i. Clearly, considerable
time and effort was spent collecting these health data; however, these data alone cannot address
the question of whether or not pesticide use in Kaua’i is associated with adverse human health.
We suggest incidence or prevalence rates should be calculated for all health outcomes before
attempting to make comparisons. For example, the authors present most health outcomes as
percentages, but do not include sample size information for the populations. Also, the authors did
not assess if there were any significant differences in the health outcomes among Kaua’i
residents relative to other populations. And finally, the authors did not look at health outcome
data by age, socioeconomic status, or other relevant factors that could more accurately describe
the current health status of Kaua’i residents.
The JFFG made a recommendation on page 101 to “Update Critical Health Surveillance Data,”
including data on cancer and birth defects. While we agree collecting surveillance data is
important for the purpose of public health planning, in general, it is important to understand that
this data will not address the questions that the JFFG was charged with answering.
We recommend that the nature of the data collected so far be clarified for the final report, and
that before any additional health data are collected, the JFFG: 1) clearly state the purpose and
objectives of the data collection, develop specific research questions and prepare a detailed
analytic plan; and
2) consider enlisting a statistician, epidemiologist or trained public health
professional to assist with analyzing the existing data on human health and pesticides.
EPA
According to the authors, one of the “foundational and evidence-based inquiries” undertaken by
the Study Group was related to current regulatory oversight of pesticides and whether it is
sufficient to assure public safety. However, the report does not provide an accurate accounting of

EPA
According to the authors, one of the “foundational and evidence-based inquiries” undertaken by
the Study Group was related to current regulatory oversight of pesticides and whether it is
sufficient to assure public safety. However, the report does not provide an accurate accounting of
the Environmental Protection Agency’s (EPA) registration, monitoring and enforcement process
and requirements, which results in missing evidence and erroneous conclusions.
Any pes(cide must ﬁrst meet a stringent set of regulatory requirements, governed by the
Federal Insec(cide, Fungicide and Roden(cide Act (FIFRA), before it is “registered” by EPA and
before it can be distributed or sold in the United States. The agency evaluates the data on each
pes(cide and assesses any poten(al adverse eﬀects the product may have on humans and on
the environment. On the basis of this evalua(on, EPA then determines if it will allow the use of
the product, and, if so, at what applica(on rates and under what condi(ons (for example, the
requirement for buﬀer zones). The EPA sets the condi(ons for use of the product and requires
the condi(ons be placed in labeling instruc(ons that a user must follow. Finally, as part of its reregistra(on process, the EPA formally reevaluates registered products periodically to determine
if it should continue allowing their use.
The Study Group suggests EPA standards do not include all known effects, chronic risks as well
as acute, and may not apply to Hawaii’s climate. However, EPA oversees a complex and
involved process for evaluating the potential health and ecological effects of a pesticide. See the
overview here: https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/overviewrisk-assessment-pesticide-program.
Specifically regarding human health risk assessment though, EPA estimates the nature and
probability of harmful health effects in people who may be exposed to pesticides:
In the food and water they consume;
In the air they breathe;
Through their work; or
As a result of activities that may lead to contact with pesticide residues on treated
surfaces.
The first step in assessing risk is hazard identification, in which, EPA considers the full spectrum
of potential health effects that may occur from different types of pesticide exposure. Step two is
the dose-response assessment, which is determined by observing the dose levels that create
harmful effects in test animals and then used to calculate what an equal dose would be in
humans. Step three is the exposure assessment, which includes acute and chronic risks from
sources including dietary exposure (food and water), occupational exposure, and if appropriate,
cumulative risk from dietary plus non-dietary exposures (e.g., flea and tick control on pets, lawn
applications, ant sprays, etc.). For more on the “Guidance for Human Health Risk Assessments
for Pesticides” from EPA, see the following: https://www.epa.gov/pesticide-science-andassessing-pesticide-risks/guidance-human-health-risk-assessments-pesticides.
EPA recognizes that effects vary between animals of different species and from person to person.
To account for this variability, uncertainty factors are built into the risk assessment. These
uncertainty factors create additional margins of safety (generally ranging from 10 to 1,000 fold)
for protecting people who may be exposed to the pesticides.
Science
There are a number of instances throughout the document where the authors cite sources that are
not peer reviewed or published, have limitations in sample size or study design or are anecdotes,
from a high school science fair project, for example. In addition, there are several instances
where the authors report conclusions without providing the sources contributing to the
conclusion (e.g., “recent studies suggest possible links between low levels of chronic exposure
and endocrine disorders such as obesity and diabetes” –page 54). The inclusion of documents
that do not meet the author’s outlined standards for factual information – i.e., local data, metaanalyses, major review articles, or research that has appeared in peer reviewed journals – may
lead to assumptions that are not evidence based.
A number of existing, peer-reviewed and published articles – in addition to the publicly available
overview of EPA’s regulations – specifically address the questions the Study Group set out to

lead to assumptions that are not evidence based.
A number of existing, peer-reviewed and published articles – in addition to the publicly available
overview of EPA’s regulations – specifically address the questions the Study Group set out to
answer, but were missing from the draft JFFG document. We would suggest the JFFG review
and assess those publicly available studies as they craft the final report.
Recommenda)ons and Asser)ons:
One of our overall and primary concerns with the document is, despite the stated JFFG ﬁnding
that “informa(on we assembled does not show that current pes(cide use by seed companies
and Kauaʻi Coﬀee plays a role in adverse health on Kauaʻi,” the balance of the report suggests
there s(ll may be adverse eﬀects. This contradic(on undermines the report and calls the
resul(ng recommenda(ons into ques(on.
DuPont Pioneer is on record as publically suppor(ng the addi(on of more inspectors at the
Department of Agriculture. Inspec(on con(nues to help preserve the health and eﬃcacy of
pes(cide usage, not just on Kaua’i, but throughout the islands of Hawaii and the rest of the
United States. However, many of the draX recommenda(ons are based on condi(ons that
simply are not supported by the report or are based on false premises.
Factual Inaccuracies:
In general, there are several factual errors that should be corrected in the final document which
are included in the following table and references.

Factual Errors in Need of Correction
Issue
Citation
Statement
Table Title is Appendix 2, 4. General Use
Incorrect
Page 39
Pesticides Used by
Pioneer Hi-Bred
During 2011-12

Table of
Contents

Chapter III

Page 54

First
Paragraph

Correction
General Use Pesticides Used by the four
Kauai HCIA member companies During
2015
Source: Hawai‘i Crop Improvement
Associa(on These are the non-restricted
use products that the four Kaua‘i HCIA
member companies have for agricultural
ﬁeld use on Kaua‘i. This list is a
compila(on to include the inventories of
all four companies. As a result, this list
includes more products than any
individual company has. This list is
current as of the fall of 2015, and is not
intended to include all products that may
have been used previously, or that might
be used in the future.
4. General Use
This number reﬂects the total usage by all
Pes(cides Used by
companies on Kauai 2015, not solely
Pioneer Hi-Bred
DuPont Pioneer. The lis(ng of the chart
During 2011 - 12......... should be corrected accordingly.
39
The authors state that This is not an accurate statement.
“While EPA has issued Chronic toxicity/carcinogenicity studies
guidelines regarding are mandated by the US EPA as part of
toxic levels of acute
the standard toxicology data package that
exposure; data is only supports pesticide registration in the US.
being published
These studies assess the potential adverse
regarding chronic low effects from chronic exposures over the
dose exposure and
life time of the test species. EPA
associa(on with
routinely sets toxicology endpoints for
chronic disease.”
use in risk assessment for both short-term
and long-term exposures. Further, the

associa(on with
chronic disease.”

Page 90

First
paragraph
under
Section D

routinely sets toxicology endpoints for
use in risk assessment for both short-term
and long-term exposures. Further, the
Agency evaluates long-term chronic
exposure for consumers through diet, and
for workers, to arrive at a conclusion
regarding safety under the conditions of
use. All evaluations by EPA are
publically available.
Human Health
This statement appears to be in conﬂict
Impacts:
with a statement on Page 59, last
Developmental delay sentence paragraph 2, “Although there
and afen(on deﬁcit are some diﬀerences between schools on
hyperac(vity disorder Kaua’i, none of the diﬀerences are
are listed as health
considered sta(s(cally signiﬁcant due to
condi(ons being
the small numbers and large variances
“somewhat” elevated within the data.” Therefore, the data are
on the Westside.
concluded by the authors themselves as
not being robust enough to drawn ﬁrm
conclusions regarding any associa(ons
between these two health impacts and
speciﬁc regions on Kaua’i.

Appendix
CFR 180.628 refer to https://www.law.cornell.edu/cfr/text/40/180.628
Federal Insec(cide, Fungicide and Roden(cide Act
https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/overview-risk-assessmentpesticide-program
https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/guidance-human-healthrisk-assessments-pesticides
A recent paper published in 2015 not cited that systematically reviews the epidemiology
studies of low-level exposures to organophosphorus insecticides in non-occupational
populations (Reiss, et al., Critical Reviews in Toxicology 2015; 457(7):531-641), which
concludes that “Overall, the available evidence does not establish that low-level exposure
to OP insecticides cause adverse birth outcomes or neurodevelopmental problems in
humans.” Further, we do not consider the publications from the Endocrine Society to be
unbiased and representative of the state of science on endocrine disease. These
documents, although published under the name of the society, represent the views of only
limited segment of its membership whose motives could be considered highly
questionable and a potential conflict of interest (justification of research funding).
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RE: Comments on Draft Report “Pesticide Use by Large Agribusinesses on Kaua‘I”

Pesticide Use by Large Agribusinesses on Kaua‘i,

FOR IMMEDIATE RELEASE
Media Contacts:

SEED INDUSTRY RESPONSE TO THE RELEASE OF THE KAUAI JOINT
FACT-FINDING GROUP COMMITTEE DRAFT REPORT
Please attribute the following statements to Bennette Misalucha, Executive Director,
Hawaii Crop Improvement Association (HCIA).

The JFFG reported no evidence of harm to humans from
agricultural pesticides (p9), no evidence of higher birth defect rates on West Kaua`i (p57), no
evidence of higher cancer rates (p63,64), no evidence of harm to wildlife (p8), no evidence of
harm to bees (p35), and no pesticides in pollen (p49).

About Hawaii Crop Improvement Association

P.O. Box 253, Kunia, Hawai’i 96759
Phone: (808) 848-2074; Fax: (808) 848-1921
e-mail info@hfbf.org; www.hfbf.org

April 8, 2016
E-mailed to: jffcomments@gmail.com
Subject: Comments on the draft report: “Pesticide use by large agribusinesses
on Kauaʻi, Findings and Recommendations of the Joint Fact Finding Study
Group”
Organized since 1948, the HFB is comprised of 1,900 farm family members statewide,
and serves as Hawaii’s voice of agriculture, working to assure the continued viability of
the diverse farms that benefit our local communities.
HFB acknowledges the effort expended by the JFFSG to produce this report which
invalidates claims that Kauai farms are poisoning residents and the environment. As we
anticipated, the group found no evidence of causality between agricultural pesticide use
and harm to Kauaʻi residents’ health or harm to its flora and fauna.
While we appreciate that conclusion, HFB has the following concerns about the draft
document, and especially the group’s recommendations that appear to be entirely
disconnected from the findings, and unjustifiable. We strongly encourage the group to
carefully review feedback from experts in the field of agricultural pesticide use, fate,
toxicology, federal and Hawaii laws and regulations, and epidemiology, etc., and make
the necessary changes before finalizing this report.
Without significant amendments, the recommendations will impose additional burdens
on our farmers statewide, that will hurt them and thwart Hawaii’s goal of self-sufficiency
and sustainability, while providing no additional safety for our communities.
Additionally, if finalized in its current flawed form, the report itself could be
misappropriated to further divide the agricultural community from those who don’t farm,
nurturing the continuation of a schism that is counterproductive to the health of our
communities.
We cannot afford that outcome. The number of successful agricultural operations in
Hawaii is decreasing at a time when our State’s objective is to foster more commercial
farming in order to accomplish agricultural sustainability. The continued anti-GMO
attack on the seed companies has gotten greater traction since it became an attack on
their use of pesticides, since the public is generally unable to distinguish fact from fiction
in the onslaught of propaganda. However, farmers use pesticides only when
necessary; the application of a pesticide is dependent upon pests and diseases, not
whether the farm is large or small, biotech, organic, or conventional. What is not
acknowledged in this report is that even a small organic vegetable farm may have to
use a pesticide, and possibly a restricted use pesticide, if the myriad of pests abundant
in Hawaii would otherwise destroy the crop.

Although we note your request to limit our response to 250 words, we were unable to
accomplish that given the length of your report and complexity of the issues. Instead,
please accept our comments listed in bullet form in an attempt to be more succinct.
Please don’t hesitate to contact us if you’d like clarification on any of our concerns.
Composition of the group; adequacy of group members to find and interpret data
and determine facts---group members may have had a “science background” but
were certainly not experts in any of the disciplines required for a meaningful
study of this complexity. An amateur group of community members could not be
expected to understand and appropriately assess the material they were
provided. It is apparent that members didn’t even know what references to look
at or what experts to consult with for assistance.
Bias of group members---it is apparent from the plethora of opinions throughout
the report, that members did not have a neutral viewpoint.
In requesting feedback, the Group seeks only factual information in the form of
relevant local data, meta-analyses, major review articles, or research that has
appeared in peer reviewed journals. This is an odd request, given that the report
itself does not adhere to those standards.
The report is full of opinions, anecdotal references, and innuendo, furthering false
claims that the community is being poisoned. This is irresponsible and
unacceptable.
This straying from the scope of the project and not following its own guidelines
will have far-reaching consequences for the continued viability of agriculture in
Hawaii.
The report should include a thorough review of current pesticide law and
regulation, both federal and state, to include not only the Federal Insecticide,
Fungicide, and Rodenticide Act, but relevant portions of the Federal Food, Drug,
and Cosmetic Act, the Food Quality Protection Act, the Safe Drinking Water Act,
the Endangered Species Act, the Clean Water Act, etc. It should clarify that all
pesticides are strictly regulated prior to being allowed on the market, and
continuously while on the market by both the federal and state governments.
EPA does not allow any pesticide to be marketed or used unless it deems that
the product can be used safely and without unreasonable adverse effects on the
environment. In addition, EPA continually evaluates agricultural use of pesticides
and updates its regulations based on scientifically valid evidence.
Group members are apparently fixated on the precautionary principle but don’t
understand that in the United States, our laws and regulations are the
embodiment of that principle. For example, EPA follows the precautionary
principle by including a 100 to 1,000-fold safety factor in establishing food
tolerances. Similar safety factors are built in to other pesticide standards.
The report is difficult to follow, and extremely redundant, with a confusing mix of
facts and documents (many irrelevant), and conjecture. References to
discredited work, undocumented “studies,” and misleading and biased
statements have no place in a “Fact Finding” study. The fact that equal or more
weight is given to these less-than-credible references is especially troubling.
The inclusion of consultant Milton Clark’s opinion regarding the results of the air
sampling study by UH Professor Dr. Qing Li is beyond comprehension. His
manipulated wording of his conclusion that pesticides, and not MITC, were likely
to have caused the incidents at WCMS suggests that he is aware of the many

connections in the scientific and regulatory literature between MITC and
symptoms such as those experienced at the school. While the levels of MITC
were low during the air monitoring, years after the incident, so were the levels of
pesticides. MITC levels were expected to be low or non-existent, since no
stinkweed was growing in the immediate area at that time, in comparison to the
masses of blooming weed being tilled in immediate proximity to the school during
the incident.
The report is incomplete. Even where it mentions critical facts and references, it
minimizes their import. These studies and reports should be highlighted:
o
o
o
o
o
o

The Agricultural Health Study (AHS) -- long term study of cancer and other health
outcomes in more than 89,000 licensed pesticide applicators (mostly farmers) and their
spouses from Iowa and North Carolina.
Air sampling and analysis for pesticide residues and odorous chemicals in and
around Waimea, Kauai, 2013, by Li, Wang and Boesch, Department of Molecular
Biosciences and Bioengineering, University of Hawaii.
Kauai Cancer Inquiries, Hawaii State Department of Health
Report prepared by the Hawai‘i Tumor Registry for the Hawai‘i State Department of
Health: Kaua’i Cancer Cases
Hawai‘i Birth Defects Surveillance Report, 1986-2005, Hawaii State Department of
Health, and HBDP data for 2010-2014.
State Reporting Requirements for General Use Pesticides, 2013, L. Ching,
Legislative Reference Bureau, Hawaii State Capitol

The report should also include the recent sampling and analysis for pesticides
reported from the Kauai Department of Water indicating that Kauaʻi’s drinking
water is NOT contaminated by pesticides. No chlorpyrifos (highlighted by the
JFFSG as a pesticide of concern) was detected in any of the samples from the
four water sources tested, even with a detection limit of 0.05 parts per billion. In
fact, using EPA’s strict protocols, none of the 340 sample analyses of the 85
legacy and current pesticides were found in Kauaʻi’s drinking water.
The recommendations are inconsistent with any factual data within the report.
The report should acknowledge that there is no evidence of a connection
between agricultural pesticides and health or environmental impact, allowing us
to focus our limited resources on real issues that do harm our communities.
Based on the facts regarding school incidents caused by homeowners’ use of
pesticides, a reasonable recommendation would be to address the need for more
pesticide education for the general public. We would also support further
educational efforts to assist immigrant farmers whose English speaking ability is
limited.
HFB sincerely believes that without significant corrections, this flawed and incomplete
report will be used to perpetuate the atmosphere of fear and misunderstanding of
Hawaii’s farmers. We are concerned that, along with other pressures that make farming
here extremely challenging, further unwarranted restrictions on farming will be the
demise of commercial agriculture in Hawaii, and with that, the end of any hope for selfsufficiency.
We hope you will take our concerns into consideration as you deliberate on the final
version of this report.

Kauaʻi County Farm Bureau

aﬃliated with the Hawaii Farm Bureau Federation
PO Box 3895
Lihue, Hawaii 96766-6895

phone
email
web

08 April 2016

KCFB Comments on Draft Report from Kaua‘i Joint Fact Finding Group
Mahalo iā ‘oukou pākahi a pau,
The Kaua‘i County Farm Bureau (KCFB) acknowledges the work of the Joint Fact Finding Group (JFFG) to
produce the draft report — Pesticide Use by Large Agribusinesses on Kaua‘i — released on 10 March 2016. We
appreciate the opportunity to comment on the draft and look forward to a final report that provides a factual basis
for the ongoing discussions on agricultural policy in the county. KCFB is a member-based, non-profit organization
of farming families and friends of farmers united for the purpose of analyzing problems and formulating action to
ensure the future of agriculture, promote the well-being of farmers, and enhance the local community. KCFB
strives to be the voice for agriculture on Kauai, representing all farmers and agriculturalists in the county.
KCFB is pleased that the JFFG found no adverse impacts to human health or the environment from the
agricultural operations of the seed companies and Kauai Coffee. The health of our community is important to all of
us so it is gratifying to see that the available data collated into this report do not support the fears expressed
during the hearings in 2013 on Bill 2491. We are troubled by the tone of the Executive Summary and Conclusions
which, contrary to the facts presented, insinuate that those fears are warranted. Instead, this report should
relieve those fears and increase confidence that the comprehensive system currently in place for regulating
pesticides is working.
Despite finding no impact, the draft report nevertheless makes some recommendations that are of
concern. These recommendations, if enacted, would impact not just the seed companies and Kauai Coffee but also
small farmers, who are the majority of agriculturalists in Hawai‘i and on Kaua‘i. Specifically, the newly proposed
reporting obligations (1), medical testing requirements (2), and taxes (3) would be a significant burden that will
make the economics of farming even more difficult. In addition, the imposition of non-data driven buffer zones (4)
could be a significant land taking since the majority of farms in Hawai‘i are less than 10 acres in size (5).
We also have a general concern that this draft report conflates the seed companies with all of agriculture.
For example, the draft report recommends that the Hawaii Crop Improvement Association (HCIA) be involved in
enforcing Generally Accepted Agricultural Management Practices (GAAMP) (6). While HCIA, the seed-company
trade association, is a valued partner, they do not represent all farmers. Agricultural policy cannot be tailored just
to seed-companies but must also consider the interests of the farmers that produce our fruits, vegetables, honey,
pork, beef, milk, taro, and flowers.
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As part of the Kaua‘i community, our members want to ensure a clean and healthy environment for
themselves, their neighbors, and the next generation. Our members are deeply aware of their duty to be
responsible stewards of the land. We also recognize that with less than 0.5% of the population involved directly in
agriculture, there is a need to better communicate farming practices. We are encouraged, however, by the
growing consensus regarding the value of local agriculture and, especially on Kaua‘i, the value of keeping land in
agricultural use.
In light of the finding that there is no adverse impact to human health or the environment, KCFB requests the
JFFG to refocus the report on the facts available and target the recommendations towards closing the gaps
identified in the existing datasets. We also urge the JFFG to review whether the recommendations made are based
on sound science and whether they may have unintended and negative consequences for agriculture in Hawai‘i. It
would be a tragedy to sacrifice Hawai‘i’s diversified agricultural sector to policies that do nothing to make our
island healthier or safer.

Me ka pono,

Laurie Ho
President, Kaua‘i County Farm Bureau

1.
2.
3.
4.
5.
6.

Expand the Good Neighbor Program. Report, pg 95.
Mandatory medical checks. Report, pg 99.
User fee on sales. Report, pg 99.
Buffer zone policy. Report, pg 96.
2012 Census of Agriculture – County Data. USDA, NASS. Hawaii, 208.
GAAMP. Appendix 2, pg 149.

•
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COMMENTS ON JOINT FACT-FINDING STUDY GROUP REPORT
Submitted by Nancy Davlantes, Member, League of Women Voters
The League of Women Voters has long supported the promotion of adequate supplies of food and fiber at
reasonable prices to consumers and the support of economically viable farms, environmentally sound farm
practices and increased reliance on the free market. However, the issue of the labeling of genetically
modified organisms (GMOs) that has taken center stage in the debate over Hawaii’s agriculture future has
been conflated with the issue of the pesticides that are applied to the fields.
The League believes that they are separate issues and is encouraged by the release of the JFFSG
Report, commissioned by the state Department of Agriculture and Kauai County Council, that addresses in
such detail the issues and concerns driving the debate over restricted-use pesticides – where and when
they can be used and in what quantities—on Kauai.
While the study found that no significant evidence that pesticide use by large agricultural companies has
harmed Kauai’s residents or its environment, at the same time it emphasizes that the state currently does
not have an adequate regulatory structure in place to monitor the human health impacts of pesticide
application, and that has hindered the Group’s analysis. And, without knowing the what, where, and when,
it is difficult to come to any conclusions as to the health and environmental impacts of the pesticide use.
Though the state and the seed companies have the capability to determine how much pesticide
application activity occurs at a given location at a given time, the data is not being collected.
The study group enumerated recommendations for several state agencies, primarily the state Department
of Agriculture, and directly to Governor Ige, recommending that he provide “the high-level leadership
needed to ensure data-informed action.”
Citing the report’s finding of no significant findings of harm from the pesticides, the Agriculture Department
responded that it was not likely to impose buffer zones around school and other sensitive areas or to
require the workers applying these pesticides to undergo medical tests. This, despite the lack of
fundamental data that could be collected and could provide some answers.
Kauai residents, and the rest of the state, for that matter are now in a Catch-22 situation, caught between
a serious lack of data and a state agency so far unwilling to act to collect it.
The League salutes the JFFGS for the thorough, professional, and detailed report that it has produced.
Now it’s time for the governor and state agencies to act on the recommendations.
In short, we don’t know what we don’t know.
The League thanks JFFGS for the opportunity to comment.

Monsanto Response to Glyphosate Statements in the Kauai JFF Report
Shay Sunderland, Ph.D. and John Purcell, Ph.D.
April 8, 2016
The draft report issued by the Kauai Joint Fact Finding Group (JFFG) makes a number of inaccurate
characterizations on many topics based on selective literature review, opinions and hearsay including
several on glyphosate. Most notably, there is tremendous weight and authority given to selective
sources while minimizing the predominance of regulatory agency assessments and the vast majority of
scientists.
It is vital that discussions about topics as important as human and environmental health and safety be
based on the best available science and data. In order to provide legitimate, fact based, evidence on
statements and claims made throughout the report the JFFG should carefully consider the following
information in order to present a scientifically accurate reporting of the overwhelming evidence around
the safety of glyphosate.
Alleged glyphosate presence in Kauai honey (pp 8,35,37,50, 90)
The inclusion of references to the Kauai Science Fair project detecting glyphosate in honey is
inappropriate and should be excluded from the report for the following reasons:
1. While we commend any student’s scientific curiosity, this is an unpublished (The Garden Island
is not an appropriate scientific publication), non-peer reviewed, science fair project without the
ability to scientifically determine the validity of the materials and methods. This is especially
critical when samples are being assessed for potential contaminants.
2. There is no information included on the honey sample collection procedures or sample handling
post collection. Chain of custody is a standard requirement when samples are being assessed
for potential contaminants.
3. The report states the analysis tool was an ELISA method, which has not been confirmed as a
reliable way to test honey. When the same method was used for milk, EPA rejected the results
precisely because the method’s reliability had not been confirmed.
4. The student’s scientific advisor for this project, Dr. Carl Berg, is the Chair of the Hawaii Surfrider
Foundation and clearly has a conflict of interest that raises concerns. It is troubling that in the
Liasons and Resources Section (Apendix 2, page 1), Berg’s affilitation is not disclosed. The
organization states on its website “Eating food grown without chemicals or genetic modification
keeps us healthy” (https://kauai.surfrider.org/what-we-do/pesticide-reporting/).
International Agency for Research on Cancer (IARC) (pp 81, 82-84)
IARC is neither a research organization that makes scientific discoveries nor are they a regulatory body
according to their own Monograph Preamble
(http://monographs.iarc.fr/ENG/Preamble/CurrentPreamble.pdf) starting on page 3, line 10: ‘These

evaluations represent only one part of the body of information on which public health decisions may
be based. … Therefore, no recommendation is given with regard to regulation or legislation, which are
the responsibility of individual governments or other international organizations.’.
In addition, there is overwhelming disagreement with the IARC determination by all Regulatory Agencies
globally, three other WHO committees, and numerous scientists. IARC is NOT a regulatory body and all
regulatory bodies globally are in alignment in their evaluations of glyphosate safety (pp 83). No
regulatory agency in the world considers glyphosate a carcinogen. In 2015, both the European and
Canadian regulatory authorities published their latest assessments on glyphosate and again reaffirmed
that glyphosate is not a carcinogen.
Some specific things to note:
1.

IARC briefly reviewed only selected literature from the globally available literature on
glyphosate before making their determination. In fact IARC’s Monograph Preamble clearly
states “These evaluations represent only one part of the body of information . . .”.
2. Both past, and recent, views of numerous regulatory bodies and scientists on this topic disagree
with IARC’s determination:
a. The European Food Safety Authority (EFSA)
b. Canadian Pest Management Regulatory Agency (Page 15 within linked document)
http://publications.gc.ca/collections/collection_2015/sc-hc/H113-27-2015-1-eng.pdf
c. U.S. Environmental Protection Agency (page 3 within linked document)
d. World Health Organization, International Programme on Chemical Safety (Section 5.3
within linked document)
e. Joint FAO/WHO Meeting on Pesticide Residues (2004) (Page 158 within linked
document)
f. World Health Organization (WHO), Guidelines for Drinking-Water Quality (Page 9 within
linked document)
g. German Federal Institute for Risk Assessment
h. Australian Pesticides and Veterinary Medicines Authority (Page 13 within linked
document)
i. Argentine Interdisciplinary Scientific Council
j. Belgian Federal Public Service Health, Food Chain Safety, Environment
k. South African Department of Agriculture, Forestry & Fisheries
l. Science Media Centre Summary
Recent Pesticide Developments (pp 81-84)
There are several areas presented which are incomplete, inaccurate and/or misleading. In order to
assist the Kauai JFFG it is important to note the following factual information to allow for the
clarification and/or correction of these deficiencies:
1. In the “Summary of Events” section (pp 81) there is a lack of providing important context to the
following event mentioned:

a. The California Environmental Protection Agency (CalEPA) Office of Environmental Health
Hazard Assessment’s (OEHHA) intent to list glyphosate is based on California’s
Proposition 65 which requires listing of chemicals on the sole basis of IARC’s
determination. Indeed, OEHHA, the very state agency that has announced its intention
to add glyphosate to the Proposition 65 list, determined in 2007, after conducting a
rigorous and science-based assessment, that glyphosate was unlikely to cause cancer.
In striking contrast, OEHHA now interprets Proposition 65 to require the agency to
accept the erroneous classification of glyphosate as a “probable carcinogen” by an ad
hoc IARC working group as the sole basis for the proposed listing.
2. The report states (pp 82): “About 90% of corn and soy and most wheat grown in the U.S. are
treated with glyphosate”. While this is fairly accurate for corn and soy, more than 70 percent of
wheat acres do not receive any glyphosate applications and less than 2% of the US wheat crop is
treated with glyphosate prior to harvest (http://wheatfoundation.org/the-truth-aboutglyphosate-part-4-why-does-usda-collect-farm-data/ ).
3. The report states (pp 82): “Although its use is restricted in many European countries . . .”. The
choice of the word “many” is misleading as only a few of the 50 countries in Europe have
imposed restrictions.
4. The report attempts to convey that there is significant scientific research that shows “risk”
attributable to glyphosate (pp 82) by listing alleged “associations” to many troubling health and
environmental issues. What the report fails to do is provide direct citations to studies related to
these allegations. While there have been a small number of studies that have been published
related to some of these “associations” they have been overwhelmingly discredited either due
to the methods they employed in their research or based on the conclusions not being
supported by their published data.
5. The report, in an attempt to appear balanced, discusses “Studies Which Show Safety” (pp 83) by
including two referenced regulatory assessments from Europe. What the report fails to include
are the assessments from all other global regulatory bodies or the hundreds of independent
studies present in the published, peer-reviewed, body of science
(http://www.ncbi.nlm.nih.gov/pubmed/10854122 ).
6. The report states (pp 83): “The conflicting rulings by regulatory bodies as well as the intense
debate in the scientific arena is evidence of the uncertainty surrounding the herbicide.”. To be
clear: no regulatory agency in the world is in conflict around the safety of glyphosate when used
according to labeled instructions. Some may assume that IARC is a regulatory agency which by
their own Monograph Preamble clearly states that they are not. For the report to insinuate
equal weight of the regulatory agencies and the vast majority of other scientists with the small
amount of dissenting science misleads the reader.
Conclusions on Regulation and Oversight (pp 92)
The report in this section wrongly identifies two GUP products, glyphosate and malathion, in a way that
leads the reader to believe very few pesticides are scrutinized by regulatory agencies. In fact, regulatory
agencies like the EPA continually scrutinize and reevaluate all pesticides

(https://www.epa.gov/pesticide-reevaluation/why-we-review-pesticides ). In addition, the report infers
that products used under a Special Local Needs label are somehow illegal while they are in fact a legal
extension of the products main regulatory approved label use instructions.
Appendix 2
In the sub-section (Appendix 2 - pp 114) on “Non-Hodgkin Lymphoma (NHL) and Multiple Myeloma” the
report states: “In addition recent evidence has linked glyphosate with NHL.”. The authors erroneously
put tremendous weight of evidence on a limited study while all global regulatory agencies and most
scientists align that glyphosate is not carcinogenic.
The reference on page 114, Gray, Burns, & Mahlburg, 2013, is incorrectly cited as it does not refer to nor
support a linkage between glyphosate and NHL. We would welcome an opportunity to respond to the
claim if a correct reference can be provided.
In the sub-section (Appendix 2 – pp 116) on “Endocrine Dysfunction” the report states: “Other
herbicides (atrazine, 2,4-D, and glyphosate) and fungicides (vinclozolin) also have some endocrine
activity.”. As with the purported link to NHL, the authors put tremendous weight of evidence on a
limited scale of study while all global regulatory agencies and most scientists align that glyphosate is not
a endocrine disruptor. Glyphosate’s lack of endocrine activity was reaffirmed in 2015 by the U.S. EPA’s
robust Endocrine Disruptor Screening Program. Furthermore, the validity of Gasnier et al., 2009,
Glyphosate-based herbicides are toxic and endocrine disruptor in human cell lines is in question for the
following scientific reasons:
1. Authors use a non-validated in vitro assay system primarily in serum free culture conditions to test
extremely high concentrations. These culture conditions do not reflect normal cell physiological
conditions. The direct exposure of cells intentionally bypasses normal processes limiting absorption
and cellular exposure, and thus avoiding normal metabolism, digestion and excretion that would
protect cells from minute amounts of any chemical.
2. The authors inflate the relevance of findings derived from a poor in vitro model to the in vivo
situation. Therefore, this publication does not provide any new concerns for glyphosate and
glyphosate based formulations.
3. The authors exposed unprotected cells growing in culture to a formulated herbicide that contains
surfactants. Surfactants, including soaps, are intended to disrupt biological membranes. The
authors fail to demonstrate that their results were not the result of exposure to high concentrations
of surfactants and appear to have gone to some effort to avoid addressing this important question
in order to reach their misleading conclusions.

8 April 2016
To the Joint Fact Finding Study Group:
The JFF report estimated the total weight of pesticides used on Kaua’i and points out that this figure is
not useful for regulation. However, the amount does emphasize the problem of cumulative exposures.
The JFF Study Group (JFFSG) did not issue recommendation concerning evaluation of cumulative
exposures. Guidelines and resources on cumulative risk have been developed by California OEHHA and
the U.S. EPA. 1,2 A recent report from the University of California at Los Angeles also discussed cumulative
exposure to pesticides and the problems posed by not evaluating these cumulative exposures.3 The JFFSG
should recommend a plan to assess cumulative risk of exposure to multiple pesticides.
The JFF report found that most pesticide poisoning incidents in the state of Hawai’i were attributed to
household use, but pesticide-related illness is frequently underreported.4 The JFFSG should recommend
reporting of known or suspected pesticide-related illness by private and public clinics, which would
provide valuable data on pesticide poisonings and identify the scope of the problem on Kaua’i.
Surveillance programs on pesticide poisonings can steer intervention efforts to prevent similar exposure
scenarios on a local and national scale.5
The JFF report points out that the lack of prior knowledge of pesticide applications has posed a challenge
to past air monitoring efforts. Ambient air monitoring conducted by California’s Air Monitoring Network
has been critiqued for a study design that does not assess the peak exposures that can occur when
pesticides drift in the air during or post-application. If a plan to conduct air monitoring is created, input
by community members will be invaluable, so that the study is designed to address community concerns
over public health.
Sincerely,
Emily Marquez, Ph.D.
Staff scientist
1

CA OEHHA. “Cumulative Impacts: Building a Scientific Foundation.” Public Review Draft. Oakland, CA: Office of Environmental Health Hazard
Assessment, August 19, 2010. http://oehha.ca.gov/ej/pdf/081910cidraftreport.pdf.
2 U.S. EPA. “Concepts, Methods and Data Sources for Cumulative Health Risk Assessment of Multiple Chemicals, Exposures and Effects: A Resource
Document.” Cincinnati, OH: U.S. Environmental Protection Agency, National Center for Environmental Assessment, 2007.
3 Zaunbrecher, Virginia, Dale Hattis, Ron Melnick, Susan Kegley, Timothy Malloy, and John Froines. “Exposure and Interaction: The Potential Health
Impacts of Using Multiple Pesticides.” University of California, Los Angeles: UCLA Sustainable Technology & Policy Program, 2016.
4 Reeves, Margaret, and Kristin S. Schafer. “Greater Risks, Fewer Rights: U.S. Farmworkers and Pesticides.” International Journal of Occupational and
Environmental Health 9, no. 1 (March 2003): 30–39. doi:10.1179/107735203800328858.
5 Roberts, James R., and J. Routt Reigart. Recognition and Management of Pesticide Poisonings. 6th ed. Washington, D.C.: U.S. Environmental Protection
Agency Office of Pesticide Programs, 2013.
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April!8,!2016!
!
!
Dear!Members!of!the!Joint!Fact!Finding!Study!Group,!
!
Thank!you!for!your!detailed!and!rigorous!review!of!pesticide!use!associated!with!the!production!of!
genetically!engineered!seeds!and!crops.!On!behalf!of!Pesticide!Action!Network!(PAN)!North!America!and!
our!members!on!Kaua’i!and!in!Hawai’i,!I!am!writing!with!a!few!additional!comments.!!As!an!advocate!who!
works!with!communities!on!the!frontlines!–!farmworker,!rural!families!and!children!—!of!pesticide!
exposure!in!California!and!Hawai’i,!I!wish!to!offer!some!additional!background!on!comparisons!between!
Hawai’i!and!California!(particularly!pp!76U77!of!your!Findings!and!Recommendations),!including!the!
limitations!of!California’s!system!and!the!need!for!Hawai’i!adopt!an!even!more!robust!regulatory!system.!!
!
Evaluation*
While!California!has!the!most!“sophisticated”!state!system!in!the!country,!it!still!lacks!several!key!
elements!and!suffers!from!many!of!the!same!fundamental!flaws!as!the!federal!regulatory!system.!As!
noted!in!a!2013!report!by!the!University!of!California!Los!Angeles,!risk!mitigation!has!become!an!
incredible!political!process!that!tends!to!limit!risk!assessment!and!the!use!of!robust!science.i!!And,!in!a!
more!recent!report,!scientists!documented!the!limitations!of!current!risk!assessment,!failing!to!account!
for!the!increased!risk!of!multiple!pesticides!used!in!combination.ii!These!are!just!some!of!the!many!
limitations!that!deserve!additional!scrutiny!and!allow!hazardous!products!to!enter!and!remain!on!the!
market.!!
!
Posting*and*Notification*
Except!for!a!small!handful!of!pesticides,!California!fails!to!provide!meaningful!posting!and!notification!for!
farmworkers!in!neighboring!fields!or!for!homeowners!and!schools!adjacent!to!or!near!agricultural!fields.!
Better!posting!and!notification!allows!families!and!nearby!farmers!to!make!better!decisions!about!
protecting!their!own!health!or!crops!and!also!allows!physicians!and!health!officials!to!more!quickly!
address!problems!should!they!arise!from!use.!As!noted!in!your!recommendations,!Hawai’i!should!
consider!the!most!comprehensive!public!posting!and!notification!system!possible,!ensuring!regular!and!
frequent!updates!if!multiple!applications!are!to!take!place.!California!officials!are!actively!considering!
new!rules!for!notification,!including,!but!not!limited!to!roboUcalls!for!parents!when!use!is!taking!place!
near!a!school,!doorUtoUdoor!canvassing!to!provide!information!directly!to!neighbors,!and!more!language!
appropriate!materials.!!!
!
Use*Reporting*
California!offers!the!most!comprehensive!pesticide!use!reporting!system!in!the!country,!and!apart!from!
surveys!from!the!US!Geological!Survey,!the!only!publiclyUmaintained!measure!of!pesticide!use.!The!data!is!
available!on!an!annual!basis,!pesticideUbyUpesticide,!and!sometimes!in!greater!detail!and!with!more!
recentness!at!the!county!level,!depending!on!availability!by!each!agricultural!commissioner.!
Unfortunately,!given!primarily!technological!limitations!of!an!older!system,!California!often!doesn’t!
report!use!data!until!a!year!or!more!later.!!And!the!data!is!only!readily!available!at!the!state!and!county!
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level.!As!a!result,!current!use!data!presents!limitations!for!local!and!state!policymakers,!as!well!as!farmers,!
and!families,!that!want!to!make!informed!decisions.!More!realUtime!and!publicly!accessible!data!on!use,!
including!location,!crops!and!amounts,!not!limited!to!restricted!use!pesticides,!should!be!available!online!
in!Hawai’i.!
!
Monitoring*
California!maintains!important!systems!that!monitor!pesticides!in!the!air,!the!Air!Monitoring!Network!
(maintained!in!conjunction!with!air!monitors!at!the!Air!Resources!Board)!and!document!pesticide!illness!
through!the!Pesticide!Illness!Surveillance!Program.!These!programs!can!serve!as!models!for!Hawai’i!
though!are!currently!limited!by!site!selection!for!air!monitors!that!fail!to!provide!meaningful!information,!
and!underreporting!in!the!Surveillance!Program!given!lack!of!physician!training,!language!barriers,!and!
immigration!status.!
!
Thank!you!for!your!dedication!to!addressing!these!issues.!Please!feel!free!to!contact!me!at!916U588U3100!
or!ptowers@panna.org!if!you!have!any!additional!questions.!
!
Sincerely,!!
!
!
!
Paul!Towers!
Organizing!Director!&!State!Policy!Advocate!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
i!Froines,!John!et!al,!2014.!“Risk!and!Decision:!Evaluating!Pesticide!Approval!in!California.”!UCLA!

Sustainable!Technology!&!Policy!Program.!

ii!Zaunbrecher,!Virgina!et!al,!2016.!“Exposure!and!Interaction:!The!Potential!Health!Impacts!of!Using!

Multiple!Pesticides.”!UCLA!Sustainable!Technology!&!Policy!Program.!!
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COMMENTS ON THE JOINT FACT FINDING DRAFT REPORT
SUBMITTED BY: SYNGENTA
April 8, 2016
Please note seven (7) comments on various topics submitted with this document:
Comment 1: Report mentions detection levels of two Restricted Use Pesticides (RUP)
“...atrazine and metolachlor that exceeded EPA environmental benchmarks” (Main
document page 8, 90)
“One location on West Kauaʻi, upstream of the Kikiaola Boat Harbor had two
detections of RUPs that exceeded aquatic life benchmarks, but remain below
regulatory standards.” (main doc page 45)
· Metolachlor is described as a Restricted Use Pesticide, and we wanted to clarify that
while the state of Hawaii considers this to be the case, metolachlor is not federally
designated as a restricted use pesticide; this should be corrected in the final report
(also note this is incorrectly restated on page 146 of appendix 2). The metolachlor
detection was 1.07 ppb taken from the Drainage Canal at Kikiaola Boat Harbor. Page
45 of the main report incorrectly states the EPA aquatic benchmark as follows, “One
detection of 1.07 ppb at the Kikiaola location slightly exceeded the EPA aquatic life
guideline of 1.0 ppb for protection of freshwater invertebrates.” The JFF also errantly
claims in Table 3 of appendix 2 that the EPA Aquatic Life Benchmark is 1.0 ppb
(equivalent to 1 microgram / liter). There is no benchmark of 1.0 ppb for metolachlor.
The benchmarks listed for aquatic species from the references provided in Appendix 1
show a range of aquatic benchmarks of 10 ppb to 6000 ppb (the low is acute nonvascular plants, the high values are for chronic fish). The aquatic benchmark for
freshwater invertebrates is 550 ppb, not 1.0 ppb as stated on page 45 of the main
document. The value of 1.07 ppb is well below this range of benchmarks. Table 3 of
appendix2 and the statement on page 45 should be corrected in the final document to
accurately reflect the EPA aquatic benchmark for metolachlor.
https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/aquatic-lifebenchmarks- pesticide-registration

· The atrazine detection was 2.07 ppb atrazine taken from the Drainage Canal at
Kikiaola Boat Harbor. This value is well below values known to cause biological
impacts from atrazine. US EPA Office of Pesticide Programs (US EPA/OPP) is
currently re-evaluating atrazine as part of the normal reregistration required for all
pesticides, and will be selecting a new level of concern for aquatic communities. They
are currently using a draft value of 10 ppb as a 60-day rolling average and require
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watershed-based management activities only if this value is exceeded in two years of
monitoring [see http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-20130266-0002 at page 29]. This means that all values below a 60-day rolling average of
10 ppb would not have significant impacts on primary producers in the streams. Note
that this is acknowledged in the JFF on page 45 and also used elsewhere in Table 3.
These values should be consistently used throughout the document to compare to
atrazine monitoring data. (Note - The aquatic benchmark page is out of date and it is
our understanding that this will be updated by EPA once they complete the atrazine
reregistration action.) A single value of 2.07 ppb is well below the current level of
concern. The US EPA Office of Water (US EPA/OW) intends to develop an aquatic life
criteria under the Clean Water Act for atrazine using the final value selected by US
1
EPA/OPP .
Comment 2: page 24: Report states: RUPs include more than one active ingredient,
and some active ingredients are included in more than one RUP. For example,
atrazine is an active ingredient in five different RUPs. It is important to note that some
of the same active ingredients are also contained in certain General Use Pesticides
(primarily insecticides)...
There is some confusion in the JFF report that should be clarified. A restricted use
designation by the U.S. EPA is placed on a pesticide active ingredient, and any
product containing the restricted use pesticide becomes a restricted use product. All
products containing atrazine (with some exceptions for low concentration products) are
designated Restricted Use. Mesotrione and S-metolachlor are not Restricted Use
Pesticides and are in several products containing atrazine (i.e. Lexar EZ and Lumax
EX). The Restricted Use Product designation for Lexar EZ and Lumax EZ is due to the
presence of atrazine in the product. Also on page 30 the JF Report states: “The EPA
imposes limitations on the amount of RUPs that can be applied....”
It should be made clear in this report that EPA imposes limitations on all pesticides
(RUPs and General Use Pesticides (GUP)) that can be applied.
Comment 3: page 30: “Table 4 in Appendix--‐2, Attachment--‐3 includes information
from pesticide labels... also includes pesticide label information on allowable wind
speeds and required buffer distances for the RUPs...”.
1

Note that in 2003, US EPA/OW published a draft aquatic life criteria for public
comment that mentioned using a model that results in a value of a 60-day rolling
average of 18 ppb, and stated freshwater aquatic life and their uses should not be
affected unacceptably if the one-hour average concentration of atrazine does not
exceed 1,500 µg/L more than once every three years.
https://www.epa.gov/wqc/aquatic-life- criteria-atrazine
This statement should be corrected to refer to Table 3 (not Table 4) of Appendix 2,
Attachment III. Syngenta reviewed Table 3 in Appendix 2 and found numerous errors
and omissions. We found more than 20 errors in this table on label requirements for
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Syngenta products. EPA requires specific language for pesticide labels to ensure
proper use and safety measures. The pesticide label directions ensure safe use, and it
is important that the JFF report accurately reflects the legal pesticide label
requirements in their document. This table should be corrected to accurately reflect the
legal use of the pesticide products listed.
Comment 4: Page 44; Effect Levels, and page 42 of Appendix 2, Section 6 EPA
Aquatic Life Benchmarks.
In this section the JFF report has mischaracterized the benchmarks that are published
by the U.S. EPA Office of Pesticide Programs. For example the JFF on page 44 states
: “In the U.S., the EPA Office of Pesticide Programs establishes these benchmarks. ...
In general, the benchmarks are set at the lowest toxicity value resulting from
standardized tests, with a safety factor applied to the acute fish and invertebrate data.
However, not all known effects of these pesticides are included in these benchmarks”
The U.S. EPA benchmarks are for screening risk assessment purposes only. U.S.
EPA states on their website https://www.epa.gov/pesticide-science-and-assessingpesticide-risks/aquatic- life-benchmarks-pesticide-registration :
These aquatic benchmarks are extracted from the most recent publically available
OPP risk assessment for the pesticide and are based on the most sensitive aquatic
toxicity data of the distribution for each taxa. Benchmarks, developed for baseline risk
assessments, are estimates of the concentrations below which pesticides are not
expected to harm aquatic life. OPP may further refine a risk assessment based on the
full distribution of toxicity data for a given species, using point estimates, species
sensitivity distribution approaches, or probabilistic methods.
For atrazine, EPA is in the process of integrating the hundreds of data points available
from numerous laboratory, field and higher tier aquatic ecotoxicity studies available in
the published literature. This will be completed under the current registration review
action for atrazine, a normal reregistration that is required for all pesticides every 15
years. U.S. EPA is currently using a draft of the level of concern of 10 ppb as a rolling
60-day average. U.S. EPA is considering all known effects, contrary to the JFF report
assertions. This includes potential for sub-lethal impacts.
The following JFF paragraph is therefore inaccurate: “Given the data on sub‐lethal
effects of very low concentrations, there is inconsistency among Federal agencies with
regard to what constitutes a “safe” amount of atrazine in the environment. For
example, EPA independently determined that the risk quotient for endangered aquatic
animals should be set at 0.05, the risk quotient for endangered mammals and birds
should be set at 0.1, and the risk quotient for chronic harm should be set at 1.0 for all
listed animal species.”
The latter sentence is particularly confusing; the different risk quotients for endangered
species, mammals, and plants represent additional safety factors U.S. EPA is currently
using for all pesticides. The JFF authors should review the information provided on
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EPA’s following website:
https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/technicaloverview- ecological-risk-assessment-risk
U.S. EPA states that, “An LOC is a policy tool that the Agency uses to interpret the risk
quotient and to analyze potential risk to non-target organisms and the need to consider
regulatory action.” The lower risk quotient LOCs for certain endangered species
represents extra safety factors EPA applies to their screening level assessment.
The section on page 44 of the main document also refers to assessments of certain
pesticides for potential effects to endangered species, using 2002 and 2009
assessments to attempt to paint a picture that the government agencies are in conflict
and pesticides have not been assessed. This argument is inaccurate and outdated,
given that EPA, FWS and NMFS commissioned the National Academy of Sciences in
2011 to address the methodologies and processes for pesticide endangered species
assessments and consultations, and that these agencies are working to implement the
NAS recommendations https://www.epa.gov/endangered-species/assessingpesticides-under-endangered-species-act .
Comment 5: the JFF report describes atrazine as an endocrine disruptor on pages 68,
Appendix 2 page 14, 48, 110, 116
Atrazine does not disrupt the endocrine system at levels that people would ever be
exposed to in the environment. No one has, will or can ingest enough atrazine via
drinking water to adversely affect their health. Indeed, it is not physically possible to
dissolve enough atrazine in water to have any impact on hormones or human health.
In July 2011, an EPA Scientific Advisory Panel found children and developing infants
are not more susceptible to atrazine than adults.
Comment 6: on page 48 of appendix 2 (which is also repeated word-for-word again on
page 63), JFF has added incorrect and inaccurate statements about the potential
effects of atrazine in the following 2 paragraphs.
Atrazine is now known to be a highly potent endocrine disruptor and persists in the
environment after its use. Extensive scientific research has demonstrated that atrazine
causes substantial negative reproductive effects in a variety of taxa when exposure
occurs, even at concentrations as low as 0.1 ppb. Impairing reproduction through
endocrine disruption, lowering reproductive output, chemical castration, disrupting
development and immunosuppresion are among the types of harms that atrazine
causes, all of which represent significant sublethal effects not considered by the EPA.
Scientific research has shown that atrazine inhibits production of testosterone and
induces estrogen production in a variety of taxa including amphibians (Hayes, T. et al.
2002), fish (Moore and Waring 1998), reptiles (Keller and McClellan-Green 2004), and
mammals (Babic- Gojmeric, T, et al. 1989). The results of endocrine disruption
includes chemical castration (demasculinization) and feminization, decreased sperm
counts, impaired fertility, and a reduction in masculine features. In amphibians,
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atrazine exposure impairs immune function and increases susceptibility to viral
diseases, bacterial infections, and macroparasites. In salmon, atrazine-induced
increase in stress hormones in smolt, impairs the ability of exposed fish to return to the
ocean leading to high mortality in these commercially important fish (Moore and
Waring 1998).
The first paragraph is completely incorrect. EPA has assessed any and all potential
effects of atrazine in the published literature. The litany of effects the JFF purports
have been extensively studied and assessed, and EPA has enacted a robust and
protective process that has directed the safe and effective use of atrazine for decades.
The second paragraph is a blatantly plagiarized paragraph taken from an activist
missive included in a notice of intent to sue the government over registration of a new,
low rate and safe herbicide active ingredient
https://www.biologicaldiversity.org/campaigns/pesticides_reduction/pdfs/CBDCFS_Notice_of_Intent-Bicyclopyrone_Registration.pdf. These statements are
inaccurate, and this plagiarism of activist language demonstrates a disturbing pattern
of bias certain areas of the JFF report.
The JFF has cut-and-pasted a selective, cherry-picked list of studies to attempt to
undermine the extensive research data base available that clearly shows atrazine to
be safe to people and the environment. More recent, comprehensive reviews of the
atrazine data are available. For example we suggest the JFF review the following:
Glen J. Van Der Kraak, Alan J. Hosmer, Mark L Hanson, Werner Kloas & Keith R
Solomon (2014) Effects of Atrazine in Fish, Amphibians, and Reptiles: An Analysis
Based on Quantitative Weight of Evidence, Critical Reviews in Toxicology, 44:sup5, 166, DOI: 10.3109/10408444.2014.967836 To link to this article:
http://dx.doi.org/10.3109/10408444.2014.967836
Blankinship, Amy et.al (2013), Addendum to the Problem Formulation for the
Ecological Risk Assessment to be Conducted for the Registration Review of Atrazine,
United States Environmental Protection Agency, EPA-HQ-OPP-2013-0266-0002
https://www.regulations.gov/#!documentDetail;D=EPA-HQ- OPP-2013-0266-0002
More detailed responses to the claims made in these paragraphs are provided below.
· With respect to the Hayes studies mentioned by the JFF on pages 48, 63 and
110 of Appendix 2, EPA concluded in 2007 “that atrazine does not adversely
affect amphibian gonadal development based on a review of laboratory and
field studies, including studies submitted by Syngenta and studies published in
the scientific literature.” EPA reiterated in April 2010 that “...atrazine does not
adversely affect amphibian gonadal development based on a review of
laboratory and field studies...no additional testing is warranted to address this
issue.” And in its April 2010 update, EPA stated that no additional testing is
warranted to address this issue at this time. Based on EPA guidance, two largescale studies (Kloas, 2007) were conducted in separate laboratories using
3,200 frogs and 100,000 tissue samples to determine whether or not atrazine
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has an impact on growth, development, survival, or sexual differentiation in
frogs. EPA audited and inspected the data from these studies and found: “The
data are sufficiently robust to outweigh previous efforts to study the potential
effects of atrazine on amphibian gonadal development” and "there is no
compelling reason to pursue additional testing." No scientists have been able to
replicate the results of Dr. Hayes’ studies, and he has refused to make his raw
data available to independent scientists for review. After carefully examining Dr.
Hayes’ research, the EPA has concluded that the available data do not
demonstrate the effects that he has claimed.
· Moore and Waring 1998: as discussed in Glen J. Van Der Kraak, Alan J.
Hosmer, Mark L Hanson, Werner Kloas & Keith R. Solomon (2014) listed
above, this study suffers from use of inappropriate statistical comparisons, and
the equivocal responses seen were not considered biologically relevant.
· Keller and McClellan-Green 2004: This study, conducted “... to develop an in
vitro model for assessing EAC effects in sea turtles” using immortal testis cell
line GST-TS. In this study atrazine “failed to induce aromatase activity in the
GST-TS cells.” The authors were able to force an aromatase induction
response only when the cells were exposed for an extended period (24 hours)
“...but only at cytotoxic concentrations” (quotes taken from reference cited).
· Babic-Gojmeric, T, et al. 1989: Mammalian systems have been widely studied
both in vitro and in vivo, and US EPA has evaluated extensively the mammalian
data base. This area was also subject to review by multiple Scientific Advisory
Panels in 2010 and 2011. The citation of just this one study by activists (that the
JFF chose to cut-and-paste into their document) represents a biased cherry
pick of one older study that has been superseded by numerous more recent
studies. We suggest the JFF can find a more comprehensive listing and review
of atrazine mammalian toxicity in the following US EPA document:
o Re-Evaluation of Human Health Effects of Atrazine: Review of Cancer Epidemiology,
Non-cancer Experimental Animal and In vitro Studies and Drinking Water Monitoring
Frequency Presented Jointly To The FIFRA Scientific Advisory Panel By: U.S.
Environmental Protection Agency Office of Pesticide Programs, July 26 2011, EPAHQ-OPP-2011-0399-0013,
https://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2011-0399-0013
Comment 7: Page 42 of the main document, and page 50 Table 3 of attachment IV, of
Appendix 2.
The document cites a single concentration of 3.5 ppb from a single irrigation well
sample collected at Barking Sands “in the late 1980s,” as being 1.17 times EPA’s
drinking water lifetime maximum contaminant level of 3 ppb. The 3.5 ppb sample from
an unspecific date, taken from an irrigation well with an unknown status should not be
compared to the 3.0 ppb MCL for the following reasons. This value indicates no health
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threat from atrazine, and in-fact is orders of magnitude below modern drinking water
standards for atrazine.
· The MCL of 3 ppb was set in 1991 based on data and science assessments that
have since been superseded by modern data and assessments. U.S. EPA Office of
Water published in 2006 a new endpoint that is 4 fold higher than the outdated values
used in 1991, and listed the cancer classification as “Not likely to be carcinogenic to
humans” (2006 Edition of the Drinking Water Standards and Health Advisories EPA
822-R-06-013 Office of Water U.S. Environmental Protection Agency, August, 2006).
In 2010, US EPA/OW stated again that an updated reference dose has been
established and that the cancer classification has changed since the 1991 MCL, but
deferred revising the MCL until EPA/OPP completed its current re-registration
assessment. (Federal Register / Vol. 75, No. 59 / Monday, March 29, 2010 / Notices,
page 15523). EPA OPP concluded in 2003 (finalized in 2006) that the acute one-day
drinking water level of concern is 298 ppb, and the seasonal and annual chronic
drinking water levels of concern ranged from 12.5 ppb – 68 ppb, depending upon the
age of the population subgroup being assessed (Finalization of Interim Reregistration
Eligibility Decision and Completion of Tolerance Reassessment and Reregistration
Eligibility Process, UNITED STATES ENVIRONMENTAL PROTECTION AGENCY,
April 6, 2006,
https://www3.epa.gov/pesticides/chem_search/reg_actions/reregistration/red_PC080803_1-Apr-06.pdf ). A recalculation of the MCL using the modern data set would
lead to an MCL of at least 100 ppb for chronic exposures. Indeed, a modern
comprehensive assessment conducted by the World Health Organization in 2010
concluded that the lifetime drinking water guideline value for atrazine is 100 ppb
(raised from 2 ppb that WHO set in 1993). (“Atrazine and Its Metabolites in Drinkingwater Background document for development of WHO Guidelines for Drinking-water
Quality,” World Health Organization 2010
http://www.who.int/water_sanitation_health/dwq/chemicals/dwq_background_2010070
1_ en.pdf )
· A single data point such as the 3.5 ppb noted in the JFF report should not be
compared to chronic drinking water standards, but instead should be compared
to the 298 ppb one- day standard set by EPA/OPP. The errant conclusion that
this value is “1.17 times” higher than a drinking water standard should be
corrected to reflect that this value is 85 times lower than the one-day level of
concern (3.5 ppb compared to the298 ppb one-day drinking water level of
concern).
· The JFF states on page 42 “The only detection in irrigation water on Kauaʻi
was 3.5 ppb from a single irrigation well sample collected at Barking Sands in
the late 1980s...The status of the well is unknown and no follow up data was
available.” The JFF should clearly discount this value since there is no specific
date, the well is of unknown status, and there is no additional data.
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From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:54:20 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Ade <turboboysandygirl@gmail.com>
Date: Sat, Mar 26, 2016 at 7:54 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
Sent from my iPhone

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on Kaua`i JFFG Report
Date: April 6, 2016 at 3:36:51 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Mika Ashley-Hollinger <kupono.aina@gmail.com>
Date: Thu, Mar 24, 2016 at 4:33 PM
Subject: Comments on Kaua`i JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
Mika Ashley-Hollinger
Kilauea, Kaua'i

From: Peter Adler <padleraccord@gmail.com>
Subject: Fwd: COMMENTS FOR THE JFFG DRAFT REPORT
Date: April 8, 2016 at 2:49:12 PM HST
To: Adam Asquith <adam_asquith@yahoo.com>, Kawika Winter
<kwinter@ntbg.org>, Lee Evslin <levslin@gmail.com>, Gerado Rojas
<gerardorojasgarcia808@gmail.com>, Doug Wilmore
<wilmored002@hawaii.rr.com>, Sarah Styan <sarahmnstyan@gmail.com>,
Kathleen West-Hurd <k.west.hurd@hawaiiantel.net>, Louisa Wooten
<louisawooton0@gmail.com>, Peter Adler <padleraccord@gmail.com>, Ken
Schmidt <kschmidt@pixi.com>, Keith Mattson <kmattsonllc@gmail.com>, Katie
Ranney <kranney@hawaii.edu>
Received today.

PETER S. ADLER, PhD
The ACCORD 3.0 Network
2471 Manoa Road
Honolulu, Hawaii 96822
808-888-0215 (Preferred)
808-683-2849
padleraccord@gmail.com
http://www.accord3.com
Begin forwarded message:
From: Elif Cuceloglu Beall <elif.beall@gmail.com>
Subject: COMMENTS FOR THE JFFG DRAFT REPORT
Date: April 8, 2016 at 1:20:09 PM HST
To: jffcomments@gmail.com
Aloha,
Thank you for your hard work on behalf of Kaua`i.
Below are some comments on the Draft Report for your consideration:
1. It doesn't appear that the case history of dust from the Waimea lawsuit and
photographs are cited in the JFF study. I'm attaching them here.

2. This language on page 9 needs to be changed:
"Because of the small populations involved and the lack of fully reliable and
accurate health data, the information we assembled does not show that current
pesticide use by seed companies and Kauai Coffee plays an adverse role in
health on Kauai."

The industry is taking the second half of that sentence and using it to promote a
distorted idea that the report concluded that agrochemical activities DO NOT play
a role in adverse health impacts. (See image below.) The sentence should read
more accurately something like, "Currently there is not enough information to
conclude what health impacts, if any, pesticide use by the seed companies plays
in adverse health of Kaua'i's residents."

3. The numbers for pesticide usage in tables 3-1 and 3-2 on pages 25 and 28,
should use those figures for Active Ingredients that were reported by the industry
in the GNP reporting for the year of 2014. Table 3-2 in particular, seems to skew
the numbers and drive down the averages. The clearest numbers come from the
industry itself when it reports that in that year, it harvested 1,841 acres of corn
and used 9,278 lbs. of active ingredient. Using HCIA records for 2014 to drive
down the numbers is misleading and incorrect.
4. It is confusing to include HCIA data on commodity crop farming in the midwest
for amounts on RUP on the tables on page 25 and 28, when the focus of the
Report is Research and Development farming by the agrochemical industry here
on Kaua`i.
5. It appears that one of the chief health complaints on west Kaua`i has to do
with increased asthma and other respiratory issues. The table 5.2 on page 56
show insufficient data, especially for children. Recommendations to the Dept. of
Health (p.101) should include updating this information specifically.
6. Hair sampling should be incorporated into the recommendations to HDOA and
HDOH, since hair sampling gives the most accurate result for chronic exposure.
7. There is an illogical and confusing emphasis on RUP use by fumigators and
the county for chlorination of water. Neither of these RUP uses are within the
scope of the JFFG's study of Agricultural RUP use associated with the seed
companies' R&D operations.
Thank you for your consideration of these comments,
Elif C. Beall, Esq.
Kaua`i resident
(In my personal capacity)
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From: Carl Berg <cberg@pixi.com>
Subject: Summary of Surfrider-Kauai Pesticide study
Date: April 8, 2016 at 4:37:57 PM HST
To: jﬀcomments@gmail.com
Attached please find the summary of the Surfrider-Kauai
pesticide screening study.
We strongly recommend that the results of this study be
used to demonstrate the need for a thorough study of RUP
and GUP in the streams, ditches and estuaries of Kauai.
Tissue samples from aquatic organisms and birds that eat
them should also be done to see if pesticides are bioaccumulating, as has been found for metals in our stream
organisms. .
Carl J. Berg, Ph.D.
Chair, Kauai Chapter
The Surfrider Foundation

Pesticide Screening on Kauai
Surfrider Foundation – Kauai Chapter
Carl J. Berg, Ph.D.
April 8, 2016
Water samples were collected in streams and ditches of Kauai by Surfrider members during the
period 11/17/2014 to 7/23/2015. They were collected on convenient dates, irrespective of
rainfall or knowledge of pesticide spraying of areas adjacent to the waterways. Samples were
collected in certified clean amber glass bottles and shipped to Honolulu where they were
analysed for Glyphosate, Atrazine and Metolachlor pesticide residues in an analytical laboratory
by Surfrider scientists using the Enzyme-Linked Immunosorbent Assay (ELISA) test kit of
ABRAXIS. (http://www.abraxiskits.com/products/pesticides/)
ELISA is a respected method for testing for pesticides and has been shown to be accurate by
cross-testing with standard methods such as mass spectrometry. However it is simpler and
much less costly than the other methods. Surfrider is currently performing cross-checking on
selected samples taken from Hawaiian waters, especially to see if there is interference by ocean
salinity or by mixtures of pesticides.
The results presented below are intended to show not only the level of pesticides in the waters,
but also the chronic pollution of selected waters over an eight-month period. Previous
sampling done by Hawaii Department of Health were one-shot samples from very few areas.
Surfrider Foundation is separately doing a multi-year study of selected recreational waters
throughout the state.
This survey tested 92 samples from 40 different sites all around the automobile accessible
coastal portion of Kauai (Table 1). A total of 80.4% of the samples showed pesticides at
concentrations greater than the levels of detection, with Glyphosate being the most common
pesticide in the samples (Table 2). Because numerous sites were sampled repeatedly, a more
significant statistic is the number of sites at which pesticides were detected. The general use
pesticide Glyphosate was found in 60% of the sites, while the restricted use pesticides Atrazine
was found in 22.5% of the sites and Metolachlor in 12.5% (Table 2). Combinations of pesticides
were detected at a numerous sites (Table 1, Table 2) proving information for the targeting of
sites for more strategic sampling.
While Atrazine may be a legacy from sugar farming, the other two pesticides are likely of more
recent application. Glyphosate is broadly used along the banks of roads, streams and irrigation
ditches and it prevalence is expected. While the levels of pesticides detected were low, the
persistence of the pesticides over the course of the study suggests chronic pollution of the

streams, ditches and estuarine waters and the potential for ecological damage. Recent studies
have shown the spread of pesticides far out on to the Great Barrier Reef and their persistence
over nearly year in dark, experimental conditions. Since many of the pesticides are known
hormone disrupter, the effects on larval and juvenile development of fish could have serious
implications to Hawaiian stream species and nearshore fisheries.
Surfrider Foundation provides the results of this study to demonstrate the abundance of
pesticides in our waters, to act as a guide to where pesticides have migrated from the sites of
application, and to recommend the testing for additional pesticides over longer periods of time
and especially immediately after pesticide application in areas near streams and ditches.
The finding of pesticides in state waters suggests that current best management practices for
pesticide use are insufficient and that additional safe guards, such as wider buffer zones along
waterways are needed.

TABLE 1.
Surfrider-Kauai ELISA testing

ELISA Sampling Sites
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Limahuli
Lumahai by bridge
Wainiha by big bridge
Waioli (makai side)
Taro ditch by Dolphin
Taro ditch on Princeville side of River
Kalihiwai by old bridge
Kilauea river
Moloaa down at bay
Anahola down at bay
Kapa'a Stream
Waiakea Canal
Moikeha Canal at "Hemingway"
Uhelekawawa Canal
Wailua River at bridge
Hanamaulu Stream various
Nawiliwili Stream @ 3rd aluminum bridge
Marriott culvert
Puali Stream
Heacock spring 1
Heacock spring 2 Maka'ae ae
Heacock spring 3 Alekoko
Waiopili Stream above guard shack
Waikomo Stream @ Hoonani Rd
Polihale 1st Ditch
Polihale 2nd Ditch
Pilla'a Spring
None
None
Kikiaola Ditch Mauka
Waimea River Public Works gate
None
Hanapepe various
None
Wahiawa Stream (Port Allen)
Kawaiele Wetland
Lawai Stream
1st Ditch = McArthur Park
2nd Ditch = Pioneer Ditch
Cox Drainage Canal @Kekaha Rd.
Anini Stream
Pakala Stream Mauka of Hwy
Taro ditch Hanalei
Polihale Entrance
Count
Sum

Times Site
Sampled
1
1
2
2
2
2
2
2
1
1
2
2
2
2
2
3
3
3
1
2
1
1
3
2
4
4
1

Glyphosate detected

Atrazine
detected

Metolachlor
detected

Total
Detections

1

1
0
1
2
1
1
0
2
0
0
0
1
3
2
2
1
1
2
0
2
0
0
2
0
5
4
0

1
1
1
1

1

1

1
2
2
2
1
1
2

1

1

2

2
4
4

1

3
1

3
1

1

4

4

4
5
3
5
5
3
1
2
1
1
40
92

4
5
2
4
3
3

1
1
24
55

4
1
4

2
4
1
1

1

9
14

5
5

6
9
2
6
4
3
0
0
1
1
40
74

TABLE 2.
Surfrider - Kauai
40 different sites have been sampled
Total of 92 samples analysed with ELISA
Total # with pesticide >LOD
Total % with pesticide >LOD

11/17/14 to 7/23/15
92
74
80.4%

% samples with Glyphosate
% samples with Atrazine
% samples with Metolachlor

59.8%
15.2%
5.4%

% sites with Glyphosate
% sites with Atrazine
% sites with Metolachlor

60.0%
22.5%
12.5%

% sites with both Gly & Atr
% sites with both Gly & Meto
% sites with all Gly & Atr & Meto

17.5%
5.0%
2.5%

TABLE 3.
Kawaiele wetlands
Detection limits

Average

Kawaiele Ditch
Detection limits

Average

Polihale Ditch 2
Detection limits

Average

Hanapepe various
Detection limits

Average

Wahiawa Stream mouth
Detection limits

Average

1st Ditch = McArthur Park
Detection limits

Average

2nd Ditch = Pioneer Ditch
Detection limits

Average

Kikiaola Ditch Mauka
Detection limits

Average

Hanalei Taro Ditches
Detection limits

Average

Glyphosate
(ug/l)
<0.075
0.120
0.180
0.357
0.120
0.285
0.212

Atrazine
(ug/l)
<0.050
0.109
0.057
0.119
0.109
<0.050
<.089

Metolachlor (ug/l)
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10

Glyphosate
(ug/l)
<0.075
0.332
0.229
0.968
1.200
0.682

Atrazine
(ug/l)
<0.050
>5.000
<0.050
<0.050
<0.050
<0.050

Metolachlor (ug/l)
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10

Glyphosate
(ug/l)
<0.075
0.156
0.108
0.383
3.200
0.962

Atrazine
(ug/l)
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050

Metolachlor (ug/l)
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10

Glyphosate
(ug/l)
<0.075
>4.000
0.166
0.165
0.330
>1.165

Atrazine
(ug/l)
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050

Metolachlor (ug/l)
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10

Glyphosate
(ug/l)
<0.075
0.120
0.120
0.372
0.120
0.183

Atrazine
(ug/l)
<0.050
<0.050
<0.050
0.101
0.122
<.081

Metolachlor (ug/l)
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10

Glyphosate
(ug/l)
<0.075
0.226
0.156
1.311
0.380
0.518

Atrazine
(ug/l)
<0.050
<0.050
<0.050
0.127
<0.050
<.069

Metolachlor (ug/l)
<0.10
<0.10
<0.10
1.428
<0.10
<.432

Glyphosate
(ug/l)
<0.075
<0.075
0.332
1.699
<0.075
0.120
<0.460

Atrazine
(ug/l)
<0.050
<0.050
>5.000
<0.050
<0.050
<0.050
<1.040

Metolachlor (ug/l)
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10

Glyphosate
(ug/l)
<0.075
0.139
0.260
0.270
0.223

Atrazine
(ug/l)
<0.050
0.113
<0.050
<0.050
<0.071

Metolachlor (ug/l)
<0.10
<0.10
<0.10
<0.10
<0.10

Glyphosate
(ug/l)
<0.075
<0.075
0.291
0.420
<0.075
0.295
<0.231

Atrazine
(ug/l)
<0.050
0.023
<0.050
<0.05
<0.05
<0.050
<0.050

Metolachlor (ug/l)
<0.10
<0.1
<0.1
<0.1
<0.1
0.013
<0.1

From: "Joe Blevins" <iosepa.blevins@gmail.com>
Subject: hair analysis
Date: April 8, 2016 at 6:04:56 PM HST
To: <jﬀcomments@gmail.com>
To Whom It May Concern,
“In June 2001, the Agency for Toxic Substances and Disease
Registry convened a meeting of experts to review and discuss the
current state of the science on hair analysis and the feasibility of
using hair analysis in assessing environmental exposure (Harkins
and Susten 2003). One of the conclusions from this meeting was
that for most substances, with the exception of methyl mercury, for
which the levels in hair are a biomarker of exposure, hair analysis
is currently not a reliable indicator of environmental exposure or
internal body burden. More research is needed before hair analysis
can be considered a valid tool for human environmental exposure
and health studies. They also concluded that there is limited
available information on the utility of hair analysis for
environmentally relevant organic pollutants (…)” Here is the
Harkins and Susten reference:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1241447/
I would hope that decision makers take into account the findings of
scientist who are experts in the field before any regulations are
made. Emotional opinions are usually not based on fact or science
and are easily influenced by individuals who usually take
information out of context and have different motives other than
employee safety.
Sincerely,
Joe Blevins

From: Robert Boesch <boeschr@hawaii.edu>
Subject: Joint Fact Finding Study Group
Date: April 8, 2016 at 10:51:14 AM HST
To: jﬀcomments@gmail.com
Cc: Qing Li <qingl@hawaii.edu>, wangjun2
<wangjun2@hawaii.edu>
Thank you for the opportunity to comment on the Joint Fact Finding Study Group
Report. The report seems to be based on the premise that precautionary principle
rather than reasonable certainty of no harm be the basis for regulating pesticides.
The following is from Wikipedia concerning "The precautionary principle (or
precautionary approach) to risk management states that if an action or policy has a
suspected risk of causing harm to the public, or to the environment, in the absence
of scientific consensus (that the action or policy is not harmful), the burden of
proof that it is not harmful falls on those taking an action that may or may not be a
risk." However, the current regulatory standard is reasonable certainty of no harm.
The following is from Public Law-104, which was passed by Congress in 1996:
DETERMINATION OF SAFETY.—As used in this section, the term ‘safe’, with
respect to a tolerance for a pesticide chemical residue, means that the
Administrator has determined that there is a reasonable certainty that no harm will
result from aggregate exposure to the pesticide chemical residue, including all
anticipated dietary exposures and all other exposures for which there is reliable
information. Please see page 28 https://www.gpo.gov/fdsys/pkg/
PLAW-104publ170/pdf/PLAW-104publ170.pdf
There is no data in the report that would meet the current regulatory standards of
reliable information, including the report that I coauthored with Dr. Li and Dr.
Wang that would meet the current US government standards. (A Quality
Assurance Project Plan (QAPP) would have been required if Federal funds were
used. A QAPP have increased the estimated cost of the study funded in 2009 into a
range of $1,000,000+, when there were extreme economic stresses and the
prospect of securing additional funding was very unlikely. So the study used only
State funds.) Most of the "data" is speculative, unsupported, no results, anecdotal,
inaccurate and misleading. The report contains many conclusions and no reliable
data.
Recommendations for additional funding are inadequate and unnecessary. Funding
should be sought for EPA so that data developed meets their reliable information
criteria if studies are to be conducted. The recommendation worthy of

consideration concerns the pesticides advisory committee. The current committee
is primarily from agricultural interests, including representatives from sugarcane
and pineapple. The committee should be restructured or eliminated because all
rule changes must go through the committee first, then follow all other
administrative procedures. Consulting with the pesticides advisory committee
takes considerable time and effort.
Robert Boesch
Visiting Colleague

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Kauai Pesticide Review
Date: April 6, 2016 at 3:16:23 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Peter Adler <jffcomments@gmail.com>
Date: Wed, Mar 16, 2016 at 7:49 AM
Subject: Fwd: Kauai Pesticide Review
To: padleraccord@gmail.com

---------- Forwarded message ---------From: Peter Adler <jffcomments@gmail.com>
Date: Wed, Mar 16, 2016 at 7:48 AM
Subject: Fwd: Kauai Pesticide Review
To: padleraccord@gmail.com

---------- Forwarded message ---------From: James Brewbaker <brewbake@hawaii.edu>
Date: Fri, Mar 11, 2016 at 5:09 PM
Subject: Fwd: Kauai Pesticide Review
To: jffcomments@gmail.com
Trust this comes through OK.

Am attaching the USA TODAY article.
On Fri, Mar 11, 2016 at 4:50 PM, James Brewbaker
<brewbake@hawaii.edu> wrote:
Kudos to brave and dedicated authors of this 105 page
report. It clearly should put to rest concerns about the seed
industry pesticide use (that is less than 1/4 of Hawaii's
total), and that is incredibly more careful than that of our
average homeowner (like me) or hotel-owner or farmer.
Hopefully the Kauai study will deter similar and useless
efforts on Maui or Hawaii island, etc., that would represent
both a great expense and waste of time of scientific
scholars
Interesting to find in the companion issue today (3/1//16) of
USA Today, that I receive together with Star-Adv., this
OPINION PAGE article:
"GMO Labels feed unwarranted fears"
It would be helpful if Star-Adv. would enlist consultancy of
experts like those on the Kauai report, for the media's antiGMO bias often only reflects popular (uneducated)
opinions...but fact must rule over fear.
James L. Brewbaker (UH Prof. Genetics Emeritus)

From: "Laurel Brier" <browerr001@hawaii.rr.com>
Subject: comment on the JFFG
Date: April 6, 2016 at 5:18:52 PM HST
To: <jﬀcomments@gmail.com>
As I sat at the JFFG’s public informa8on brieﬁng on Monday it became
immediately clear that no way was there going to be any consensus
with two employees from the chemical companies par8cipa8ng on the
panel. Not if they were interested in maintaining their jobs. As Upton
Sinclair observed: “It is diﬃcult to get a man to understand something,
when his salary depends upon his not understanding it!” And there is a
rigidity that is just part of the human psychology that can keep one
from recognizing certain truths if it means acknowledging that their
ac8ons directly or indirectly have caused harm to others. A denial
and holding more ﬁrmer to set beliefs when the truth is too costly –
emo8onally, intellectually, or ﬁnancially.
I have read and support the Report’s recommenda8ons as
reasonable. Proof of the harmful eﬀects of many of the chemicals has
already been established in other studies that can be referred to. We
now need disclosure and tes8ng to see which, where and how much
and in what combina8on of these known toxic chemicals are being
used on Kauai and then recommenda8ons of how to curtail their use.
Thank you very much for your work on this project.
Yours truly,
Laurel Brier
PO Box 220
Anahola, HI 96703

From: Rob <rob@browerhomes.com>
Subject: Public Comment from the ACCORD3.0
Website
Date: April 8, 2016 at 9:57:08 PM HST
To: "jﬀcomments@gmail.com"
<jﬀcomments@gmail.com>
Thank you panelists for all of the hours you have served on
this committee
JFFG seems to have qualified studies as "evolving",
"relatively new," or "emerging" when it refers on pg 55,
table 5-1, and associated text to childhood disease from
pesticide exposure.
Please consider changing this verbiage as this seems to
imply the jury is still out on detrimental affects to children
from exposure to organophosphate pesticides, particularly
chlorpyfiros
Mahalo
Robert Brower
Anahola
Sent from my iPad

From: PAMELA BURRELL <pamelaburrell@me.com>
Subject: comments on the jﬀ meeting
Date: April 8, 2016 at 11:49:32 AM HST
To: jﬀcomments@gmail.com
Aloha JFF members,
First of all. Thank you. You are a very distinguished
intelligent panel. We are very fortunate you all care so
much about our island home and were able to take the time
to do this together.
Odd though, I did find it “significantly significant” that
you are all known as the Joint Fact Finding Group and
seemingly a “lack of facts” (evidence ) is what you are all
finding??
What I heard at the meeting: “We” don’t have the data due
to a lack of testing here. Agreed. We need regular testing
done so we are constantly aware about the health of our
soil, water, oceans and air quality. ….. It is like getting
your blood tested at the doctors and discovering a possible
imbalance in your system. Then you fix it (adjust) and have
more vitality! Health is wealth is an old saying that
resonates to this day. It is not just about a seed company
polluting.. Or stink weed polluting It is about any one or
thing that pollutes anywhere.. let’s adjust. It doesn’t matter
if it is Syngenta or your neighbor Larry. Let’s make it right.
It shouldn’t be about politics, it is about the wellbeing of a
community.

There are, in existence, facts from studies from around the
world (being careful to understand who funded the studies)
that we should look to and cull the facts that are already
available. It feels like waiting for “more” studies done on
Kauai alone is just a big stall tactic.
For instance, just today in the paper, facts came out about
chemical fertilizers ( close cousin to pesticides - this
information should be worth considering ):
Did you know that two-thirds of the US drinking water supply is
contaminated at high levels with carcinogenic nitrates or nitrites,
almost all from excessive use of synthetic nitrogen fertilizer? Some
public wells have nitrogen at such a high level that it’s dangerous and
even deadly for children to drink the tap water.
And what about this? According to ETC Group, synthetic fertilizers
are a major contributor to climate-destroying greenhouse gases, and
the estimated cost of environmental damage from reactive nitrogen
emissions is between $70 billion and $320 billion in the European
Union alone?
Whatever you know or don’t know about the chemical fertilizer
industry, we bet you could have guessed this: Even though
the US Environmental Protection Agency
(EPA) acknowledges the severe harm nitrogen fertilizer does to
waterways, including to marine life and humans, the agency
mostly turns its back. Instead of being forced to comply with
permit regulations, private farming operations are allowed to
“self-monitor.”

The phrase “cannot prove or disprove” leaves me to agree
with the doctors, that if you can’t prove “no harm” then
use the “precautionary principle”. It should be Common
sense.

Again, thank you. I appreciate your taking the time to read
my thoughts.
Warmest aloha,
pamela burrell
FYI- Another little bit of wisdom came my way today (-:

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:54:55 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Joanna Carolan <joannafcarolan@icloud.com>
Date: Sun, Mar 27, 2016 at 10:41 AM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
Sincerely,
Joanna Carolan
Sent from my iPhone

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: JFFSG Report Commentary
Date: April 6, 2016 at 3:59:48 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Graham Chelius <grahamchelius@gmail.com>
Date: Tue, Apr 5, 2016 at 8:41 AM
Subject: JFFSG Report Commentary
To: jffcomments@gmail.com
I appreciate the immense amount of work that went
into the report, however I found the report to be
amateur, incomplete, biased and irresponsible.
Here are some areas that need to be rectified:
1) As stated in the AAP policy "Pesticide Exposure in Children" which you
cite, the greatest source of pesticide exposure for

most children is
food. Your report completely ignores this. Where are
the recommendations to test for pesticides in school
meals which many Westside children eat twice a day
during the week? Who is monitoring for pesticide
residue at Big Save and Costco? Who is educating the
public about the greatest risk of exposure? The report
should clearly state this fact. The report found
virtually all testing for pesticides on Kauai to be very
low level if found at all, suggesting that while
monitoring should continue, the exposure risk to
humans from agricultural use is lower than from
other sources.
2) Even mentioning a non-peer reviewed unpublished high school science

project smacks of desperation. This pathetic level of biased disregard for
scientific integrity pervades the entire report. Only high quality data should
be included. Including the opinion of a retired EPA employee from Chicago
who did no original research on the Waimea Canyon School events is
another example of laughable lack of scientific rigor.
3) Much of the report focuses of RUPs, without addressing if they are a
greater health and environmental risk than GUPs. Then GUPs, such as
glyphosate, are discussed at length without any data regarding the use
pattern on the island, which certainly includes significant home, golf
course and governmental use.
4) The explanation of the difference between causation and correlation in
the appendix apparently did not translate to the report. As the report
shows there are high rates of smoking, obesity and diabetes on the
Westside. These exposures are known to be causative regarding a number
of cancers, birth defects and developmental problems in offspring. Using
your own language in the appendix, it is implausible that the low levels of
pesticide exposure that the numerous studies have demonstrated on the
Westside are responsible for the burden of disease found here. That is the
difference between causation and correlation, and it is irresponsible to
confuse the public by creating the impression that pesticides have caused
disease on the Westside. An epidemiologist should have sat on the panel
and one is needed to rewrite the health section. Also it needs to reflect the
reality that it is very unlikely that the low levels of pesticide exposure that
have been measured are causing any health effects when compared to the
known risks of high rates of smoking, obesity and diabetes.
5) There are a number of residents on the Westside who suffer with kidney
failure, all of whom have a known causative exposure, mostly diabetes and
hypertension. It is important to note in the report that the one study you
cite did not show low level pesticide exposure to cause kidney disease, it is
only a correlation, and can be explained by changes in modern lifestyle and
agribusiness. More pesticides of certain types are being used and people
are generally more sedentary and eat differently causing more obesity,
diabetes and hypertension. This again shows a level of bias that is
irresponsible. First off, one study doesn't mean anything. Second, there are
obvious other causative factors at play. It is so unlikely that pesticide
exposure has anything to do with kidney disease on the Westside that even
including it without clearly stating that is ridiculous.
6) Finally, $3 million is a huge amount of money that could be spent on far
greater threats to the health of our community. In the last few years, there
has been three motor vehicle deaths with in a 1 mile radius of my house,
but no pesticide related deaths. Where is the $3 million for traffic cameras
and police patrols? There is a very busy dialysis unit and frequent early
deaths caused by diabetes on the Westside, where is the $3 million for case
management and prevention? The children on the Westside have high

rates of poor dental health, obesity and diabetes, where is the 1000 foot
buffer zone for sugar around the school? Not addressing that there are well
documented causes of disease which are more common and threatening
than the minuscule pesticide exposure you found is shameful. Wasting our
limited resources on what has essentially become a witch hunt against
Westside Agribusiness is disgusting. Yes, monitor for continued
compliance with the law but clearly state that you came up empty handed,
all of the tests show low levels, often due to legacy agicultural use, there is
absolutely no scientific evidence of actual harm to humans or the
environment, and the most likely exposure most people will have is from
the store through food or home use of pesticides. As a comparison, we soon
will have Zika virus spreading to Hawaii. Zika very likely causes birth
defects and is not some long shot correlation based on sketchy data like
much of the JFF report. Are we going to be so overwhelmed with fear of
pesticides that people will resist mosquito control efforts? It will be
interesting to see if we come full circle and embrace vaccines and pesticides
when we see what an actual threat looks like.
Graham Chelius MD
Board Certified
Currently in Practice in Waimea,
Living in Kekaha

From: Malia Chun <maliac@hawaii.edu>
Subject: JFFG Report testimony / Hair Sample doc.
Date: April 8, 2016 at 2:10:53 PM HST
To: Peter Adler <padleraccord@gmail.com>

Dear Mr. Adler and the JFFG,

I am a mother of 2 from the community of Kekaha, a
community heavily impacted by industrial use pesticides. I
recently received results from hair samples taken from both
my daughters. My daughterʻs hair samples were tested at
the Institute of Health in Luxembourg, one of the most
reliable testing facilities in the world. Results reveal that
they have tested positive for having 36 different pesticides
in their system, 8 of them are RUPs. This is unacceptable!!
We need immediate action and follow through on both the
state and county levels in order to adequately protect our
community, keiki and kupuna. I strongly support the
findings and recommendations of the JFF Report. Attached
you will find a copy of my daughters test results.
Mahalo for your hard work and time.
Malia
*I, Malia Chun, give permission to the JFFG to share my
testimony and hair results publicly.

Malia Chun Comment Attachment: Laboratory Analysis of Hair Samples

δ-HCH

γ-HCH

Aldrin

Isodrin

Dieldrin

INTERDIT
nd
nd
0.5**
SPME

INTERDIT
nd
nd
1**
SPME

INTERDIT
nd
nd
0.5**
SPME

PCP

p,p'-DDT

o,p'-DDT

p,p'-DDD

INTERDIT
INTERDIT
nd
nd
nd
nd
1**
0.5**
SPME
SPME
ORGANOCHLORES

INTERDIT
nd
nd
2**
SPME

oxychlordane

INTERDIT
nd
nd
0.5**
SPME

INTERDIT
nd
nd
0.5**
SPME

cischlordane

INTERDIT
1.69
0.44
0.1*
SPME

INTERDIT
INTERDIT
nd
0.99
nd
0.31
0.5**
0.2*
SPME
SPME
ORGANOCHLORES

transchlordane

INTERDIT
0.72
0.12
0.04*
SPME

INTERDIT
INTERDIT
nd
nd
nd
nd
2**
5**
SPME
SPME
ORGANOCHLORES

Heptachlorendoepoxide

INTERDIT
nd
nd
0.5**
SPME

INTERDIT
nd
nd
0.2
SPME

3.0
5.0

Heptachlor exo epoxide

o,p'-DDD
INTERDIT
nd
nd
5**
SPME

Heptachlor

INTERDIT
nd
nd
2**
SPME

βendosulfan

INTERDIT
nd
nd
1**
SPME

αendosulfan

INTERDIT
nd
nd
0.5**
SPME

Endrin

p,p'-DDE

50.07
50.47
50.09

o,p'-DDE

HAWAI
HAWAI

ε-HCH

PLTV-01
PLTV-02
LOQ
Détermination par

β-HCH

Long. mèche
analysée Remarque(s)
Référence Prénom et nom
Lieu de résidencePesée (mg)
(cm)

α-HCH

(Note: Original Excel table has been reformatted to fit into pdf format)

INTERDIT
0.04
0.08
0.1
SPME

INTERDIT
0.06
0.05
0.2
SPME

INTERDIT
nd
nd
0.5**
SPME

INTERDIT
20.92
5.47
0.7*
Inj. Liquide

DEP

DETP
Cypermethrine

Permethrine

Cyhalothrine

nd
nd
0.5**
Inj. Liquide

Cyfluthrine

DMDTP

DMTP

DMP

nd
nd
nd
1.34
nd
nd
50**
10**
10**
Inj. Liquide Inj. Liquide Inj. Liquide
ORGANOPHOSPHORES ET METABOLITES

Bifenthrine

Dimethoate

IMPy
Malathion CA

0.08
nd
0.7*
LC

INTERDIT
0.65
1.37
5**
Inj. Liquide

PCB101

PCB 153

0.31
2.24
nd
nd
1.08
nd
1**
0.9*
20**
Inj. Liquide Inj. Liquide Inj. Liquide
METABOLITES DE PYRETHRINOIDES

3-PBA

ClCF3CA

Cl2CA

INTERDIT DANGEREUX DANGEREUX
DANGEREUX
1.11
nd
7.25
nd
17.62
nd
5.94
0.98
nd
nd
nd
38.08
nd
5.79
0.3*
1**
5**
1**
25**
4**
2**
Inj. Liquide Inj. Liquide Inj. Liquide Inj. Liquide Inj. Liquide Inj. Liquide Inj. Liquide
PYRETHRINOIDES

4F3PBA

DANGEREUX
nd
4.77
nd
nd
nd
nd
1.5**
2**
0.2
Inj. Liquide Inj. Liquide Inj. Liquide
PYRETHRINOIDES

3Me4NP

PNP
2-ClBA

Deltamethrine

Fenvalerate

DANGEREUX INTERDIT
nd
0.69
13.09
nd
0.53
15.85
5**
0.2*
4.5*
Inj. Liquide Inj. Liquide Inj. Liquide
ORGANOPHOSPHORES ET METABOLITES

DANGEREUX
nd
nd
0.1
LC

Br2CA

Metolachlor

Metazachlor

INTERDIT
INTERDIT
nd
0.13
nd
0.02
0.1
0.02*
LC
LC
ORGANOCHLORES

TCPy

HCB
DEDTP

INTERDIT
0.07
0.11
0.1*
SPME

0.34
0.11
0.1
Inj. Liquide

5.35
1.35
0.9*
Inj. Liquide

nd
nd
10**
SPME
PCBs

nd
nd
2**
SPME

DANGEREUX
nd
nd
nd
nd
1
0.2
LC
LC
ANILINO-PYRIMIDINES

nd
nd
5
LC

MCPA

Mecoprop

nd
0.86
nd
0.57
2**
0.2*
Inj. Liquide Inj. Liquide
HERBICIDES ACIDES

Epoxiconazole

9.31
4.05
2**
Inj. Liquide

Difenoconazole

BDE 153

8.00
3.78
2**
Inj. Liquide

Cyproconazole

BDE 154

2,4-DB

97.20
68.51
2**
Inj. Liquide

Bitertanol

MCPB

BDE 99

BDE 47

2,4-D

DANGEREUX
DANGEREUX
nd
0.77
nd
nd
nd
0.37
nd
nd
2**
0.2*
0.5**
1**
Inj. Liquide Inj. Liquide Inj. Liquide Inj. Liquide
HERBICIDES ACIDES

15.98
10.88
1**
Inj. Liquide
PBDEs

Pyrimethanil

BDEs 28 + 33**

219.71
172.63
5**
Inj. Liquide

BDE 100

PCB 180

0.43 (<LOQ)
0.18 (<LOQ)
1**
SPME

Cyprodinil

PCB 138

nd
nd
0.3*
Inj. Liquide

Dichlorprop

nd
nd
2**
SPME
PCBs

DANGEREUX DANGEREUX DANGEREUX
nd
nd
nd
nd
nd
nd
0.5
0.1
1**
LC
LC
LC
AZOLES

nd
nd
0.1
LC

0.63
nd
0.5**
LC

Thiabendazole

Tetraconazole

Tebuconazole

Methomyl

Iprovalicarb

Fenoxycarb

Carbofuran-3-OH
nd
nd
0.5
LC

Dinotefuran
nd
nd
0.5
LC
NEONICOTINOIDES

Thiacloprid

nd
nd
0.5
LC
CARBOXAMIDES

DANGEREUX DANGEREUX DANGEREUX
nd
nd
nd
nd
nd
nd
0.5**
0.5**
0.1
LC
LC
LC

Imidacloprid

nd
nd
0.1
LC
CARBAMATES

nd
nd
10**
LC
CARBAMATES
Clothianidin

Carbofuran

nd
nd
0.2
LC

Acetamiprid

Carbendazim

DANGEREUX
nd
nd
0.2
LC

Diflufenican

Carbaryl

INTERDIT
3.16
2.10
0.7*
LC

Boscalid

DANGEREUX
nd
nd
0.5
LC

Propoxur

nd
nd
0.1
LC

Promecarb

DANGEREUX
nd
nd
1**
LC
BENZAMIDES

INTERDIT
nd
nd
0.5**
LC

Propiconazole

Prochloraz

Penconazole

Myclobutanil

Imazalil

Flusilazole

Fenbuconazole
nd
nd
5**
LC
AZOLES

Oxamyl

Zoxamide

nd
nd
0.1
LC
AZOLES

DANGEREUX DANGEREUX DANGEREUX DANGEREUX DANGEREUX
nd
0.64
nd
nd
0.80
nd
0.20
nd
nd
2.53
0.1
0.6*
0.5**
2
0.2*
LC
LC
LC
LC
LC

Propyzamide

nd
nd
20**
LC

DANGEREUX
nd
nd
0.5**
LC

Triadimenol

nd
nd
2**
LC

DANGEREUX
nd
nd
0.1
LC

2.73
0.13
0.5
LC

DANGEREUX
nd
nd
0.5**
LC

Atrazine

Trifloxystrobin

Pyraclostrobin

Kresoxim-methyl

Chloridazon

nd
nd
0.5
LC
TRIAZINES

Metribuzin

nd
nd
0.1
LC

Metamitron

Azoxystrobin
nd
nd
0.1
LC

DANGEREUX
nd
nd
nd
0.05
1
0.1
LC
LC
STROBILURINES

Terbutryn

Simazine

nd
nd
nd
nd
nd
nd
0.5
0.1
0.5
LC
LC
LC
TRIAZINES / TRIAZINONES / DIAZINES

0.06
0.08
0.2*
LC

Terbuthylazine

Fipronil sulfone

Fipronil

nd
nd
0.1
LC

2.17
0.74
0.03
nd
0.2
0.5**
SPME
SPME
PHENYLPYRAZOLES

Sebuthylazine

Oxadiazon

Prometryn

nd
nd
1*
LC

Propazine

Indoxacarb
nd
nd
0.1*
LC

DANGEREUX
0.09
0.07
0.5**
SPME
OXADIAZINES

Atrazine desethyl

Thiamethoxam
DANGEREUX
nd
nd
0.5**
LC
NEONICOTINOIDES

INTERDIT
0.27
0.12
0.1
LC

nd
nd
1
LC

DANGEREUX
nd
nd
5**
LC

nd
nd
0.2
LC

Mathabenzthiazuron

Linuron

Isoproturon

Fenhexamid

Spinosyn A

nd
nd
0.1
LC

Aclonifen

DANGEREUX DANGEREUX
nd
nd
nd
nd
0.5
0.5
LC
LC

Iprodione

INTERDIT
nd
0.14
5**
LC

Dimethachlor

nd
nd
0.5
LC

Fenuron

Diuron

Chlortoluron

DANGEREUX DANGEREUX
nd
nd
0.019
nd
nd
nd
0.01
nd
0.2
0.5
0.01*
5**
LC
LC
SPME
LC
UREES SUBSTITUEES
DINITROANILINES

Alachlor

Pendimethalin

Chloroxuron
nd
nd
1
LC

Trifluraline

3,4-dichloroaniline
nd
nd
5
LC

Monolinuron

1-(3,4dichlorophenyl)-3methylurea
0.24
0.44
0.5
LC

Metobromuron

Metoxuron
nd
nd
2**
LC

DANGEREUX INTERDIT
nd
0.95
nd
6.98
1**
2**
LC
LC
UREES SUBSTITUEES

nd
nd
0.5
LC

DANGEREUX
nd
nd
5
LC
DIVERS

nd
nd
50
LC

nd
nd
5
LC

nd
nd
0.75
LC

Propargite

Prosulfocarb

Lenacil

DMST

DANGEREUX
1.31
1.52
5
LC
DIVERS

0.32
0.20
0.3*
LC

0.73
0.65
0.8*
LC

nd
nd
1**
LC

QUANTITES TOTALES

TOTAL PESTICIDES

100.549 39.000
89.272
36

INTERDITS + DANGEREUX

Fenarimol
nd
nd
0.2
LC

TOTAL DANGEREUX

Bupirimate
nd
nd
0.5**
LC

TOTAL INTERDITS EN France

Crimidine
nd
nd
0.5
LC

14
15

10
8

24
23

nd : non détecté
> 125% du plus haut point de gamme (hors gamme)
* : LOQ déterminée à partir de la concentration déjà détectée dans la matrice ayant servi à la validation
** : LOQ de la série d'analyse. La LOQ donnée correspond au point de gamme le plus bas détecté analysé le même jour et dont la justesse est
correcte.

Remarques :
Les résultats du DMP sont à considérer comme qualitatifs
Les résultats des échantillons PLTV-07, PLTV-14, PLTV-15 et PLTV-16 représentent des fenêtres de temps plus importantes.
Abréviations :
(α, β, γ, δ, ε)-HCH : (α, β, γ, δ, ε)-hexachlorocyclohexane
(o,p’ ou p,p’)-DDE : (o,p’ ou p,p’)-dichlorodiphényldichloroéthylène
(o,p’ ou p,p’)-DDD : (o,p’ ou p,p’)-dichlorodiphényldichloroéthane
(o,p’ ou p,p’)-DDT : (o,p’ ou p,p’)-dichlorodiphényltrichloroéthane
PCP : pentachlorophénol
HCB : hexachlorobenzène
DMP : diméthylphosphate
DMTP : diméthylthiophosphate
DMDTP : diméthyldithiophosphate
DEP : diéthylphosphate
DETP : diéthylthiophosphate
DEDTP : diéthyldithiophosphate
TCPy : 3,5,6-trichloro-2-pyridinol
PNP : p-nitrophénol
3Me4NP : 3-méthyl-4-nitrophénol
Malathion CA : malathion sous forme d’acide carboxylique
2-ClBA : acide 2-(4-chlorophenyl)-3-methylbutyrique
Br2CA : acide 3-(2,2-dibromo-vinyl)-2,2-diméthylcyclopropane-carboxylique
Cl2CA : acide 3-(2,2dichlorovinyl)-2,2-diméthylcyclopropane-carboxylique
ClCF3CA : acide 3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2-diméthylcyclopropane-carboxylique
4F3PBA : acide 4-fluoro-3-phénoxybenzoïque
3-PBA : acide 3-phénoxybenzoïque
PCBs : polychlorobiphényles
PBDEs : polybromodiphényléthers
MCPA : acide 2-méthyl-4-chlorophénoxyacétique
2,4-D : acide 2,4-dichlorophénoxyacétique
MCPB : acide 2-méthyl-4-chlorophénoxybutanoïque
2,4-DB : acide 2,4-dichlorophénoxybutanoïque
IMPy : 2-isopropyl-4-méthyl-6-hydroxypyrimidine (métabolite du diazinon)
DMST : diméthylsulftoluidide (métabolite du tolylfluanid)

3/31 Review of JFF Draft Document GM Crops and Pesticides on Kaua‘I
Milton Clark, Ph.D., University of Illinois School of Public Health
The draft JFF document contains excellent conclusions and recommendations that
will be highly valuable to guide state decision makers regarding pesticide issues on
Kauai. It provides a thoughtful path forward to help settle the issues for the
concerned public and agricultural companies, resulting in a win, win outcome.
Unfortunately, a major shortcoming of the document, which needs to be rectiHied, is
the executive summary. As currently written the summary does not effectively
capture key Hindings and contains technically unsupportable statements
inconsistent with the conclusions and recommendations that appear 90 pages later.
The lengthy 12 page executive summary, which is most often the primary public and
press communication tool for technical reports, resulted in press coverage shown
below that was not favorable and undercuts the conclusions and recommendations
of the JFF report. This is not a trivial issue as signiHicant funding has been requested.
Elected ofHicials and political appointees will use press coverage and public
reactions to inform their decisions. At EPA, we would spend considerable time
developing an effective communication strategy on any technical report to achieve
important goals such as those developed in the JFF report.
The Honolulu Star Observer (Study Fails to Settle Kauai Pesticide Dispute, March
11).
A preliminary study released Thursday that found no health or environmental effects
from pesticide use on the Garden Isle was viewed as either good news or summarily
dismissed — depending on which side weighed in on the controversy.
The Garden Island News (Split Decision, March 11)
A new draft report on pesticides used by major agribusinesses on Kauai is calling for an
update to Hawaii’s pesticide laws and regulations and urges community leaders to be
“far more attentive to pesticide issues.”
But the report also says there is no statistically signi=icant evidence that “shows
causality between seed company pesticide use and harms to Kauai’s =lora and fauna.”
The AP story line (Study Calls for Updated Pesticide Laws on Kauai,
Washington Times, March 11)
A draft report on pesticides used by agribusinesses on Kauai is calling for updated
pesticide regulations despite finding nothing suggesting the pesticides cause
environmental harm.
The report suggests the state Department of Agriculture earmark $3 million for those
efforts. Despite the call the action, the Joint Fact-Finding Study Group - a team of nine
Kauai residents with science backgrounds - found no substantial evidence that pesticides
cause harm to flora, fauna or humans.
The press statements were taken directly from the executive summary and not the
conclusions or recommendations that are found 90 pages later. One of the key statements
contained in the report was as follows, but its essence was never captured in the
summary.
…without hard exposure data on the pesticides that are in plants, animals, or humans,
it is not possible to make full assessments of the risks to Kauaʻi’s environmental and, by
extension, human health. Knowing the extent of exposure is critical to fully
understanding “risk.” Section IV. SpeciHic Findings

…without hard exposure data on the pesticides that are in plants, animals, or humans,
it is not possible to make full assessments of the risks to Kauaʻi’s environmental and, by
extension, human health. Knowing the extent of exposure is critical to fully
understanding “risk.” Section IV. SpeciHic Findings
Specific Issues with Language in the Executive Summary
The executive statement below is technically unsupportable and factually in error because
as noted above and in other locations in the report there has not been sufficient biological
testing of flora and fauna (e.g., population studies, tissue samples) and environmental
data collected, let alone statistical evaluation of such data. It needs to removed and
replaced with language found in the conclusions and recommendations section.
There is no statistically signi=icant evidence that shows causality between seed
company pesticide use and harms to Kauaʻi’s =lora and fauna.
Using language similar to that below, taken directly from the report with minor
modiHications, effectively communicates the core Hindings of the JFF report.
Solid exposure data is not available at the present to determine if there are impacts to
=lora and fauna from pesticide use. It is recommended that water and animals be
tested for pesticides, as environmental monitoring has been limited without systematic
collection of biological samples for analysis. Evidence of pesticide migration into
Kauaʻi waters exists but studies to date have been episodic “dip stick” tests rather than
more continuous monitoring over time. Without better monitoring, the public will
continue to speculate as to what possible human or environmental exposures may be
taking place.
Unfortunately, the executive summary of the health impacts also did not capture key
issues as presented in the conclusions and recommendations and was worded in
such a manner to lead to an erroneous conclusion picked up by the press.
Because of the small populations involved and the lack of fully reliable and accurate
health data, the information we assembled does not show that current pesticide use by
seed companies and Kauaʻi Coffee plays a role in adverse health on Kauaʻi.
It should be replaced with language similar to that below, taken directly from
Hindings presented in the document.
Information was not adequate to determine if current pesticide use by seed companies
and Kauaʻi Coffee impacts human health. Small populations are involved, a lack of fully
reliable and accurate health data exists, and there is insuf=icient environmental
exposure data. There have not been any systematic programs to sample and test
windblown dust on the Westside of Kauaʻi for the presence of pesticides.
Environmental (dust, soil, air, water) pesticide data needs to be collected to assess
pesticide exposures and potential risks to human health, especially in communities that
border the operations of seed companies and other larger restricted use pesticide
(RUP) users.
There are several places, where the JFF draft document makes technically sound
Hindings and statements in contrast to the executive summary, such as those that
follow.
While some valuable environmental and health monitoring has taken place in the past,
it has also been limited. Environmental samples have largely been one-time efforts and
no systematic collection of biological samples for analysis has taken place.
Similar to the water recommendation above, evidence of pesticide migration exists but
the presence of RUPs has not been thoroughly and systematically tested, especially in
communities that border the operations of seed companies and other larger RUP users.
In the section, testing terrestrial and aquatic life for pesticide exposure, it is
appropriately stated
Solid exposure data is not available at the present. In light of die-offs, testing of
animals would provide better evidence, positive or negative, of actual exposure and
serve as an additional signal as to possible human exposures.

Solid exposure data is not available at the present. In light of die-offs, testing of
animals would provide better evidence, positive or negative, of actual exposure and
serve as an additional signal as to possible human exposures.
Recommendations for Effective Communication of Important JFF Findings
In order to ensure public and political support as well as funding, the executive
summary should be organized around key Hindings and recommendations and not a
lengthy chapter-by-chapter summary. The most effective executive summaries are
usually no more than three pages and are organized by the placing the most
important Hindings, issues, and priorities in rank order. Major reports, certainly
those by governmental agencies, also have a 1-2 page press release that would be
particularly important to communicate the work of the JFF. Using language already
in the draft report should permit rapid consensus.
The most important issue of state and local concern, causing the JFF to be formed,
was whether there are potential impacts to human health from pesticide use by
agricultural operations. The second concern was potential ecological issues. Since
the language below, with minor modiHications, was already present in the document
and agreed to by the committee you may Hind these drafts of value in reformatting
the executive summary and developing a press release.
1) Information was not adequate to determine if current pesticide use by
seed companies and Kauaʻi Coffee impacts human health. Small
populations are involved, a lack of fully reliable and accurate health data exists,
and there is insuf=icient environmental exposure data.
2) Environmental (dust, soil, air, water) pesticide data needs to be collected
to assess pesticide exposures and potential risks to human health,
especially in communities that border the operations of seed companies
and other larger restricted use (RUP) pesticide users.
3) Solid exposure data is not available at the present to determine if there
are impacts to Flora and fauna from pesticide use. It is recommended that
water and animals be tested for pesticides, as environmental monitoring has
been limited without systematic collection of biological samples for analysis.
Evidence of pesticide migration into Kauaʻi waters exists but studies to date
have been episodic “dip stick” tests rather than more continuous monitoring
over time. Without better monitoring, the public will continue to speculate as to
what possible human or environmental exposures may be taking place.
Other Hindings and recommendations by priority would follow, with language
derived primarily from the recommendations and conclusions, which have been well
written. A press release would be a shorted version of the executive summary,
beginning with the statements in bold.
Other Comments and Suggestions
1) The human health Hindings should expand discussions regarding the limitations
of using epidemiological data to draw conclusions about health risks.
Epidemiological data is primarily based on frank disease outcomes. Health effects
from chemical exposures occur at far lower doses than those capable of causing
chronic disease. Even if epidemiological data shows no signiHicant elevations within
locations where chemicals are used, it cannot be concluded that people are not
experiencing adverse health effects or are not at potential risk. As stated in the
report, only if adequate environmental and human exposure data are available can
conclusions be made regarding chemical risks to human health. Health criteria set by
EPA and states such as California are designed to not only provide large margins of
safety from the chance of disease but are also set at levels far lower than exposures
causing even minor health effects (e.g., subtle neurological impacts from exposure to
lead and certain pesticides) which often cannot be clinically ascertained.
2) SpeciHic Findings (Soils and Dusts) IV, section V. While the case of Aaana, et. al. vs.
Pioneer Hi-Bred International, Inc., et. al. is cited stating that Pioneer HiBred is
responsible for dust-related property damage to local homes, it would be useful to
include a few photographs. Without photographs many decision makers may not

2) SpeciHic Findings (Soils and Dusts) IV, section V. While the case of Aaana, et. al. vs.
Pioneer Hi-Bred International, Inc., et. al. is cited stating that Pioneer HiBred is
responsible for dust-related property damage to local homes, it would be useful to
include a few photographs. Without photographs many decision makers may not
understand the signiHicance of the dust impacts and be reluctant to fund needed
environmental studies in residential areas.
3) The DOH stream study is mentioned (section IV, Additional Data from the DOH
2014 Stream Study) with the following excerpt.
Five restricted use pesticides were detected at one or more of these sites, and three,
atrazine, metolachlor and chlorypyrifos were reported to have been used by seed crop
operators a few weeks prior to sampling.
The report should also note that studies conducted on the mainland demonstrate pesticide
(e.g., Atrazine) water levels will spike up to 100 times background levels in waters very
shortly (e.g., 1-2 days) following spaying and especially after rainfall events. These
spikes can exceed human drinking water standards and surface water criteria designed to
protect aquatic life, as the graph below illustrates. As a result, U.S. EPA has required
Syngenta to conduct frequent bi-monthly monitoring of streams and rivers in agricultural
areas (EPA, 2013). 2014 Monitoring data from Syngenta is available and should be cited
in the JFF report with a graphic or the one shown below. Internet access to this EPA
information on Syngenta atrazine monitoring is somewhat tricky, but the links will
eventually work.
https://www.epa.gov/ingredients-used-pesticide-products/atrazine-ecologicalexposure-monitoring-program-data-and-results
EPA-HQ-OPP-2003-0367-0303

4) Waimea School Incident pg. 80. The key point of my requested technical analysis
is that there are no analytical data or known scientific literature supporting stinkweed or
MITC as the cause of symptoms at the Waimea school incidents. Unless such
information exists the following paragraph should be added. The executive
summary should also reHlect this conclusion as a similar statement also appears in
the conclusions and recommendations section.
While excessive oral ingestion of stinkweed has known health effects, there is no
literature or cases cited in the 2013 UH study or could be found indicating that outdoor
air levels of stinkweed organics are capable of causing the symptoms reported at Waimea
Canyon Middle School. A Maui comparison site where active stinkweed was growing
had a peak concentration of MITC 12 times lower than the California sub-chronic health
screening level.
5) It would be advised to withdraw the following recommendation
Establish new State standards for “chronicity” that take account of low level
continuing and cumulative exposures to pesticides

5) It would be advised to withdraw the following recommendation
Establish new State standards for “chronicity” that take account of low level
continuing and cumulative exposures to pesticides
There is overwhelming EPA and California information, which has undergone peer
review, that effectively develops criteria, standards and risk assessment approaches
that addresses chronic low level exposures to pesticides, including cumulative
exposures. Undertaking a new approach does not make sense.
6) The following recommendation to the Department of Education should be revised
Monitor the air at Kauaʻi’s schools; offer a program of voluntary blood and urine tests;
and institute a mandatory pesticide education module for students and their families.
Human testing would be best overseen by the Hawaii Department of Health. Such
testing has to be carefully targeted (residences and schools proximal to agricultural
operations) otherwise hundreds of people will seek such testing when it is
unnecessary. Blood sampling at schools is not recommended and is not needed to
assess potential chronic pesticide exposures. In cases of suspected acute pesticide
poisoning, health care providers should collect blood and urine samples. If not
stated elsewhere in the report health care providers need training (EPA Region 9 can
provide), equipment (on the spot Hield test kits for actylcholinesterase depression),
and a funding mechanism to test urine and blood samples for pesticides and their
metabolites.
Overall Impression
With important modiHications in the executive summary and development of a press
release, the JFF document should be an effective guide to help resolve the pesticide
issues on Kauai. Without an enhanced communication strategy, it will be difHicult to
secure support of elected ofHicials and political appointees as well as the funding
required to gather the necessary data to draw conclusions regarding pesticide risks
to human health and ecological systems on Kauai.

Date:!!May!19,!2015,!Revised!April!8,!2016!
!
Subject:!!Additional!Science!and!Kauai!Pesticide!Environmental!Sampling!
!
From:!!J.!Milton!Clark,!Ph.D.!
!!!!!!!!!!!!!!University!of!Illinois!School!of!Public!Health!
!!!!!!!!!!!!!!Former!Senior!Health!and!Science!Advisor!
!!!!!!!!!!!!!!U.S.!Environmental!Protection!Agency,!Region!5,!Chicago!
!
To:!!Peter!Adler!and!JFF!Task!Force!on!Kauai!Pesticides!and!GMO!
!
Since!my!presentation!of!April!10,!2015!and!I!have!collected!additional!information!that!
further!supports!the!need!for!environmental!data!collection!(residential!soils,!exterior!dusts,!
air)!to!assess!potential!migration!of!pesticides!from!agricultural!fields!into!residential!
neighborhoods!on!Kauai.!!Because!there!is!virtually!no!data,!it!not!possible!to!determine!if!
Waimea!residents!and!others!near!agricultural!operations!are!at!risk.!!This!updated!
information!provided!in!the!sections!below,!should!be!of!interest!to!JFF!group!members.!!!
!
In!summary,!peer!reviewed!literature!indicates!associations!with!adverse!health!effects!(e.g.,!
autism,!ADHD,!fetal!defects)!and!proximity!(up!to!0.9!mile)!to!agricultural!fields!or!known!
pesticide!exposures!(1W6).!!On!Kauai!a!number!of!restricted!use!pesticides!(RUPS)!associated!
with!adverse!health!effects!reported!in!the!literature!are!frequently!applied!to!fields.!!It!has!
been!well!documented!that!dusts/soils!can!is!transported!from!fields!into!nearby!residential!
properties.!!A!comprehensive!review!of!35!publications!(published!1995–2013)!found!that!
agricultural!drift,!as!measured!by!proximity!to!treated!farmland,!was!generally!associated!
with!higher!detection!rates!and!concentrations!of!common!agricultural!pesticides!in!
residential!dust!(7,8).!!Photographs!of!some!Waimea!agricultural!operations!have!shown!wind!
blown!dusts!from!fields!and!photographs!appear!to!document!deposited!soils/dusts!(e.g.,!
found!on!window!sills)!on!nearby!residences!as!well!as!interior!dust!accumulation!possibly!
emanating!from!proximal!fields!(9).!

!

The!concentrations!of!pesticides!in!air,!soils,!and!exterior!dusts!in!Kauai!residential!areas!and!
potential!human!health!risks!are!unknown.!!Based!upon!my!experience,!if!a!similar!
environmental!situation!came!to!the!attention!of!U.S.!EPA!an!environmental!sampling!study!of!
residential!properties!would!be!undertaken!with!participation!by!state!agricultural!and!health!
agencies.!!Following!such!a!study,!onWgoing!monitoring!of!pesticides!in!exterior!dust!and!air!
would!be!necessary.!!For!credibility!with!the!public!and!to!ensure!scientific!integrity,!only!
federal!and!state!agencies!should!initiate!such!studies.!!Given!U.S.!EPA’s!experience!with!
environmental!investigations!of!pesticides,!it!is!recommended!that!U.S.!EPA!Region!9!be!
directly!involved!in!overseeing!or!participating!in!all!studies!conducted.!
!
0
0
0
0

Adverse0Heath0Effects00
0
Adverse!health!effects!from!exposures!to!pesticides,!especially!to!workers,!have!been!well!
documented.!!More!recently,!several!studies!have!shown!that!proximity!to!agricultural!fields,!
even!at!distances!up!to!0.9!mile,!and!maternal!exposure!to!pesticides!are!linked!with!
neurological!deficits!in!children,!including!autism,!autism!spectrum!disorders,!and!learning!
impairments!(1W6).!!There!are!also!associations!with!maternal!pesticide!exposure!and!
anencephalic!birth!defects!in!which!the!fetus!does!not!develop!a!forebrain!(10).!!The!children!
of!mothers!who!worked!in!agriculture!had!a!fiveWfold!increase!in!anencephalic!risk!(a!neural!
tube!defect),!and!twoWfold!for!men!who!applied!pesticides!(11).!!In!a!second!study,!adjusting!
for!confounding!factors,!women!who!reported!using!pesticides!or!living!within!0.25!miles!of!
cultivated!fields!had!significant!increase!in!the!odds!of!having!a!child!with!neural!tube!defects!
(12).!!Other!studies!have!not!found!such!associations!(13). !
0
Residential0Environmental0Data0Needs,0Chlorpryifos0Volatilization0Update0
!
As!there!are!suggestive!studies!reporting!adverse!health!effects!in!infants!and!children!living!
near!agricultural!operations!and!soil/dust!migration!is!evident!on!Kauai,!residential!
properties!should!be!sampled!as!part!of!a!phased!screening!study.!!Specifically,!soil!and!
exterior!dust!(e.g.!window!areas)!samples!analyzed!for!pesticides!permits!human!health!risk!
to!be!determined!as!described!in!my!April!10!presentation.!!In!addition,!pesticides!that!
migrate!from!agricultural!fields!can!result!in!concentrations!in!interior!dusts!that!may!greatly!
exceed!those!found!in!the!superficial!(top!2”)!layer!of!exterior!soils!(8).!!Interior!dust!sampling!
could!be!considered,!pending!results!of!residential!soils!and!exterior!soil/dusts.!!
!
From!the!environmental!data!collected,!standard!risk!assessments!procedures!are!used!by!
EPA!and!state!(Cal!EPA)!agencies!to!assess!the!cancer!and!nonWcancer!(neurological,!etc.)!
risks.!!From!those!results,!mitigation!approaches!are!determined!as!necessary.!
Air!sampling!to!assess!pesticide!spray!drift!and!longer!range!pesticide!transport!from!Kauai!
agricultural!operations!is!essential.!!Several!states,!including!California’s!Department!of!
Pesticide!Regulation!(DPR)!and!Air!Resources!Board!(ARB)!have!conducted!several!air!
monitoring!studies!evaluating!pesticides!(total!amount!as!vapor!and!dust)!to!assess!pesticide!
migration!from!agricultural!fields!(14W16).!!The!data!indicates!that!frequent!data!collection,!
even!weekly,!is!needed!to!catch!spikes!in!pesticide!air!levels!following!spraying!(Cal!DPR,!
December!2013!Report,!See!Figures).!
Volatilization!of!pesticides!from!pesticides!applied!to!agricultural!fields!can!be!very!significant!
requiring!large!buffer!zones.!!In!2013,!air!modeling!research!by!EPA!on!chlorpryifos!to!
evaluate!buffer!zones,!revealed!unsafe!air!levels!at!distances!greater!than!4,700!feet!from!
agricultural!fields!due!to!chlorpryifos!volatilization!as!an!aerosol!(particle)!without!
considering!dust!transport!(17,18).!!EPA!has!lowered!application!rates!of!chlorpryifos!from!6!
lbs./acre!to!2!lbs./acre!and!has!proposed!removing!agricultural!food!tolerances!(19).!!On!
Kauai,!reported!chlorpryifos!application!rates!appear!to!be!1!lb./acre,!with!up!to!326!acres!
treated.!!!
!

In!2014,!based!upon!the!submittal!of!two!shortWterm!(2W12!hour)!unpublished!inhalation!adult!
rat!studies!by!Dow!Chemical,!EPA!concluded!that!chlorpryifos!spayed!on!fields!would!not!be!
an!health!concern!to!bystanders!standing!from!10!to!100!feet!(20,!21).!!EPA!has!used!a!10%!
AChE!depression!criteria!as!the!starting!level!for!chemical!regulation!of!organophosphates!
and!the!Dow!rat!studies!results!were!slightly!below!a!10%!AChE!depression.!!!
!
EPA’s!chlorpyrifos!risk!assessment!included!detailed!analyses!of!The Columbia University
Mothers and Newborn Columbia University (CCCEH)!studies!of!254!children,!showing!that!the!
statistically!significant!neurological!impairments!observed!in!children!likely!occurred!at!an!
estimated!maternal!AChE!depression!of!0.5%!during!pregnancy!or!20!times!lower!than!the!
current!10%!AChE!assessment!criteria!(21W30).!!Two!other!major!cohort!studies,!the!Mt.!Sinai,!
and!Berkeley!CHAMACOS,!reviewed!by!EPA!also!found!neurological!deficits!in!children!
exposed!to!chlorpryifos!(31W34).!
!
An!independent!science!review!conducted!by!the!FIFRA!Science!Advisory!Panel!(SAP)!
concluded!that!!
!
….since the neurodevelopmental effects may be independent of AChE inhibition, the Agency should
consider whether AChE inhibition represents the critical marker for derivation of points of
departure for chronic studies. The Panel notes that multiple lines of evidence suggest chlorpyrifos
can affect neurodevelopment at levels lower than those associated with AChE inhibition (35).
!
EPA!has!currently!concluded!that!volatilized!chlorpryifos!is!not!an!health!risk!by!using!(1)!a!
10%!AChE!approach!(versus!0.5%!AChE!estimated!value!found!in!human!studies),!(2)!the!
unpublished!Dow!animal!studies!of!chlorpryifos!only!in!vapor!form,!and!(3)!the!assumption!
that!airborne!transport!and!exposure!will!be!as!100%!vapor,!although!recent!data!suggests!
otherwise!(36).!!In!addition!to!concerns!cited!by!the!SAP,!the!approach!has!been!subject!to!
outside!technical!criticisms!(35,37).!!The!EPA!bystander!evaluation!did!not!consider!chronic!
exposure!from!dusts!and!soils!due!to!agricultural!dust/soil!transport!of!chlorpyrifos!(20,21!
37).!!Therefore,!uncertainty!exists!in!selecting!an!air!exposure!model!or!health!criteria!for!the!
protection!of!pregnant!women!and!children!from!exposure!chlorpyrifos!and!other!
oganophosphate!pesticides.!
!
Air!Monitoring!
!
An!onWgoing!monitoring!program!for!residential!areas!closest!to!RUP!based!agricultural!
operations!is!clearly!necessary!to!protect!public!health.!!Although!companies!give!24Whour!
public!notices!when!RUPs!are!applied,!often!spraying!plans!change.!!Given!local!concerns!in!
Kauai,!a!real!time!(e.g.,!1W2!hour)!Internet!notification!would!be!valuable,!which!would!also!
permit!effective!air!monitoring!and!assessment!of!risks!to!the!public.!!It!is!in!the!agricultural!
companies!interest!to!provide!the!necessary!information!to!assure!the!public!of!the!safety!of!
their!pesticide!use.!!
0
0
0
0

Environmental0Concerns0to0Coral0Reef0Habitats!
!
It!is!not!known!if!pesticide!and!herbicide!leaching!from!Kauai!agricultural!fields!are!impacting!
coral!reef!habitats.!!Preliminary!studies!conducted!by!HDOH!indicate!that!some!pesticides!
were!above!acceptable!levels!in!irrigation!ditches!that!lead!to!coral!reefs.!!Numerous!studies!
conducted!on!the!mainland!demonstrate!pesticide!leaching!and!runoff!from!agricultural!fields.!!
In!particular!widely!used!herbicides,!such!as!atrazine!are!known!to!spike!up!to!100!times!
background!levels!in!waters!following!spaying!and!rainfall!events.!!As!a!result!U.S.!EPA!has!
required!Syngenta!to!conduct!frequent!biWmonthly!monitoring!of!streams!and!rivers!in!
agricultural!areas!(38).!!!Frequent!sampling!of!Kauai!streams!leading!from!agricultural!
operations!should!also!be!initiated.!!
!
Peer!Review!
This!document!was!reviewed!by!four!public!health!scientists!with!expertise!in!pesticides,!risk!
assessment,!and!cases!of!environmental!contamination.!
!
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From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on Kaua`i JFFG Report
Date: April 6, 2016 at 3:59:32 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Michael and Jenica Coon-Waymen
<michaelandjenica@gmail.com>
Date: Mon, Apr 4, 2016 at 6:26 PM
Subject: Comments on Kaua`i JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
In particular I urge the JFFG to determine if it is true that
it is currently illegal for medical doctors to prescribe tests
to measure pesticides in humans and, if it is true, to add a
recommendation that the prohibiting law be deleted by the
authority that made it. Clearly, such a Machiavellian law
is/would not in the public interest and only serves to

prevent medical authorities and concerned citizens from
findings out the truth about the impacts of pesticide
exposure on human health.
Thank you for your hard work.
Michael Coon, MSc (Marine Biologist)

From: Peter Adler <padleraccord@gmail.com>
Subject: Fwd: Comments on Kaua`i JFFG Report
Date: April 5, 2016 at 7:18:56 AM HST
To: Adam Asquith <adam_asquith@yahoo.com>, Kawika Winter
<kwinter@ntbg.org>, Lee Evslin <levslin@gmail.com>, Gerado Rojas
<gerardorojasgarcia808@gmail.com>, Doug Wilmore
<wilmored002@hawaii.rr.com>, Sarah Styan <sarahmnstyan@gmail.com>,
Kathleen West-Hurd <k.west.hurd@hawaiiantel.net>, Louisa Wooten
<louisawooton0@gmail.com>, Peter Adler <padleraccord@gmail.com>, Ken
Schmidt <kschmidt@pixi.com>, Keith Mattson <kmattsonllc@gmail.com>, Jimmy
Fitzgerald <jamespff@hawaii.edu>
Received at jffcomments….

PETER S. ADLER, PhD
The ACCORD 3.0 Network
2471 Manoa Road
Honolulu, Hawaii 96822
808-888-0215 (Preferred)
808-683-2849
padleraccord@gmail.com
www.accord3.com
Begin forwarded message:
From: Michael and Jenica Coon-Waymen <michaelandjenica@gmail.com>
Subject: Comments on Kaua`i JFFG Report
Date: April 4, 2016 at 6:26:21 PM HST
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the recommendations made by the
JFFG after exhaustively reviewing the available data. I hope that the report
recommendations will not be weakened because of industry attack. I also hope
that the language will be made more clear that important gaps exists in the data
so that it is not possible to conclude what, if any, health impacts are linked with
pesticide use by agrochemical companies on Kaua`i.
In particular I urge the JFFG to determine if it is true that it is currently illegal for
medical doctors to prescribe tests to measure pesticides in humans and, if it is
true, to add a recommendation that the prohibiting law be deleted by the authority
that made it. Clearly, such a Machiavellian law is/would not in the public interest
and only serves to prevent medical authorities and concerned citizens from
findings out the truth about the impacts of pesticide exposure on human health.

Thank you for your hard work.
Michael Coon, MSc (Marine Biologist)

From: Felicia Alongi Cowden
<akamaimom@gmail.com>
Subject: General comments on the JFF
Date: April 7, 2016 at 8:21:13 PM HST
To: JFFcomments@gmail.com
Aloha,
I am voicing my support for the general analysis of the
agricultural situation relative to the pesticides.
There was very little data or effort to test for drift of
chemicals in the air, water and soil. The burden of proof
has been effectively laid onto the people in full knowledge
and expectation of how difficult it is to produce legally
sound/statistically significant measurements. The fact that
there is little data does not equate to the analysis that there
is no problem simply because it cannot be proved.
The Stinkweed study needs to be removed from this report
as having disproved the Waimea Canyon Middle School
event in which many students and teachers fell sick in one
day. The test was two years later and done on Maui in a
completely different set of circumstances. It was an
incredulous study and a disrespect to the intention and
investment by the county to understand what had happened
in Waimea.
The recommendations seem reasonable.
Two more recommendations I would like to see in place
are

• for any agricultural leaseholder to run a soil test on the
land being vacated with the requirement of bio-remediating
the land behind them where there is evidence of legacy
chemicals in the soil that they have had responsibility for
using.
• a permit tax to use RUP to cover the cost of annual,
third party soil tests for for chemical drift.
Felicia Cowden
Kilauea
808-652-4363

From: Will Davis <willdavis108@gmail.com>
Subject: Attention please: Director-General Dr.
Margaret Chan
Date: April 7, 2016 at 6:13:24 PM HST
To: who60@who.int, jﬀ.kauaipesticides@gmail.com,
Peter Adler <padleraccord@gmail.com>, Michael
and Jenica Coon-Waymen
<michaelandjenica@gmail.com>, Dr John Davis MD
<davi7js4@hughes.net>, mary rose gallagher
<mgallagher108@gmail.com>, "Gary Hooser, Hawaii
Alliance for Progressive Action" <action@hapahi.org>
Dr. Margaret Chan, MD.
Director-General of the World Health Organization,
Switzerland
Dear Dr. Chan,
This letter concerns a tragedy in which a which a Swiss
corporation is spraying neuro-toxicant chlorpyrifos
adjacent to the backyards of Kauai citizens, hospitals, and
schools, when chlorpyrifos are banned in Switzerland.

Furthermore Syngenta is suing the county governments
of Hawaii to retain the rights to spray chlorpyrifos, even
without pesticide-free perimeter zones. There are 27
schools in Hawaii within one mile of spraying of biotech
restricted use pesticides (RUPs) such as chlorpyrifos. If
Syngenta wins, this will set a court precedent for the
remaining Hawaii biotech corporations like Dow Agra
and Monsanto to also refuse to establish pesticide free
perimeter zones for any of their spraying of RUPs. As you
will see in the letter below, the Lancet Neurology,
published in 2014 (2) reminds us that undeveloped
nations are taken advantage of, regarding the
indiscriminate use of neuro-toxicants.

Thank you for your valuable work in eradicating all
disease for mankind.
Sincerely,
Will M. Davis,
Concerned Hawaii Citizen

Minimal Suggestions
for a More Ethical and
Comprehensive Final
Kauai Joint Fact
Finding Pesticide
Report
WILL MACCLYMONT DAVIS·WEDNESDAY, APRIL 6, 2016

Dr. Peter Adler, PhD., Director of the Kauai Joint Fact
Finding Pesticides Report
cc: Dr. Margaret Chan, MD., Director-General of the
World Health Organization, Switzerland
cc: Dr. Jim Yong Kim, MD., President of the World Bank
cc: President Obama, President of the United States of
America
Dear Dr. Adler,
The Kauai JFF Pesticide Report (1) presentation at the
Kauai Veterans Center, Monday, April 4, was excellent
and inspiring. One of the panel speakers mentioned that
in same way as data external to Hawaii, was used to
create anti-cigarette laws in Hawaii, peer reviewed
studies external to Hawaii, can be used by Hawaii to ban
biotech neuro-toxicants and mandate pesticide perimeter
zones, especially for the 27 Hawaiian schools within one
mile of spraying of restricted use pesticides (RUPS).
Prenatal and postnatal exposure to chlorpyrifos can lead
to a measured thinner pediatric human cortex, years
later, reports Lancet Neurology, in 2014 (2).
I would like to provide here, additional peer reviewed

data that could boost the overall statistical strength of
your report, and thereby create a more effective
document which is worthy of Switzerland, which
prudently eliminates chlorpyrifos, ahead of the EPA.
Hawaii can do this too.
Point 1. Genetic science is absolutely essential. For
example, "A new study published in PLOS ONE found
that the Transcendental Meditation technique and
lifestyle changes both appear to stimulate genes that
produce telomerase, an enzyme that's associated with
reduced blood pressure, cardiovascular disease, and
mortality.
Specifically, these approaches were found to activate two
genes that code for telomerase, which adds molecules to
the ends of chromosomes, or telomeres, protecting them
from deteriorating, reports EurekAlert, December 2,
2015.
"The finding that telomerase gene expression is
increased, and that this is associated with a reduction in
blood pressure in a high-risk population, suggests that

this may be a mechanism by which stress reduction
improves cardiovascular health," said Robert Schneider,
MD, FACC, coauthor of the study (3). Could this same
mechanism possibly help repair DNA damaged by prenatal exposure to neurotoxicants? If research supports
this, then such strategies as Transcendental Meditation
could be added to the JFF Report recommendations for
Kauai's hospitals and schools for medical recovery from
exposure to spraying.
Prefrontal cortex left-right brain hemispheric

electroencephalographic (EEG) phase coherence from
Transcendental Meditation is correlated to higher
intelligence scores, and higher ethical and moral
reasoning scores (Int J Neuroscience, 13, 1981; Int J

Neuroscience, 15, 1981). This stands in contrast to
developmentally disabled brains damaged by prenatal
and post natal exposure to neuro-toxicants, which we
are suggesting here may be abled to be at least
partially healed?
Point 2. Following are peer review examples indicating
US regulatory agencies like the FDA, USDA, and EPA
tend to work in a rush on behalf of biotech corporations,

but with a substantial lag time to update to more
successful scientific strategies. For example, attorney
Steven Druker describes, in Altered Genes, Twisted
Truth, with scientific references, and court obtained FDA
documents, how the FDA illegally rubber stamps biotech
corporations' copyright manipulations of the gene core of
our food, without using statistically adequate safety
protocols.
[A] I came to Hawaii from Fairfield, Iowa, where the
American Midwest monarch butterfly is on the near
endangered species list which illustrates, "even perfect
disorder created by Monsanto, can be quantified
mathematically." Multiple replicated peer review studies
in Insect Diversity and Conservation Journal (4),
Scientific American (5), etc., starting in 2011, pinpoint
the primary variable responsible for destroying the
American Midwest monarch butterfly: glyphosate, which
the US Geological Survey reports, August 29, 2011, cycles
in the Midwest atmosphere, falling in rain and
presumably helping along with actual spraying, to
destroy the monarch's habitat plant, milkweed.
Chaos theory or the butterfly effect mathematically

illustrates how Monsanto's non-comprehensive strategy
of genetic engineering is inadvertently but definitely,
destroying non-target species. The butterfly effect is "the
sensitive dependence on initial conditions in which a
small change in one state of a deterministic nonlinear
system can result in large differences in a later state
(https://en.wikipedia.org/wiki/Butte...)." Here the later
state includes destruction.
The EPA and USDA has even accelerated this monarch
destruction, when attempting to achieve higher national
grain yields, by actually having participated in the plan
for even more toxic herbicides like Kauai's Dow Agra's
Agent 2,4-D, from Agent Orange, to replace glyphosate
for 2,4-D resistant soy and corn. These 2,4-D residues
will remain on the corn and soy for human consumption
by primarily Americans, if Kauai's Dow Agra has there
way. As Robin Williams said, "Good morning Viet Nam!"
Lord Christ said in the Bible, "As you sow, so shall ye
reap."
Monsanto and Dow Agra violate genetic probability
theories and quantum mechanical molecular biology

measurement theory, by not testing theories, against data
from US hospitals, by a subtle and unethical strategy of
using the EPA to classify biotech toxins as environmental
toxins, and thereby excluding them from mainstream US
hospital testing which cannot test the class
"environmental toxins" (this includes excluding universal
testing for chlorpyrifos, and glyphosate, as all US doctors
are aware).
Quantum mechanics explains how ocean waves
interacting with sunlight, may change from blue to green,
as DNA may change the color of a flower. However calm
symmetrical ocean waves often extend as far as the eye
can see, but when they approach the Kauai shoreline may
often rise up to become big surf waves, but sometimes
become so big as to be destructive. At the shore the waves
appear anti-symmetric in their motion. Like this the
probability wave function for the highest chance of
getting poisoned in Kauai is nearer the edge of spray
zones, within the spray zone itself, and in the hands of
children playing in their homes with Roundup
containers, which are not marked as deadly poison
(Please see point C, below). Furthermore, quantum

mechanical protocols require testing, such as medical lab
testing. This is because there is always uncertainty, due
to variation in wave probabilities, during the corporate
chaotic lab creation of genetically engineered DNA
molecules. These DNA molecules are composed of atomic
and sub-atomic particles with variability in molecular
position and/or momentum. Probability theory has strict
protocols such as the wavy curve called the bell curve, to
establish reliability and safety which we will see
Monsanto tactfully discards. Lacking quantum
mechanical measurements violates symmetric and antisymmetric laws which are also required in advanced
statistics.
[B] The High Court of Paris has twice punished
Monsanto affiliates for cover up of the following:
Monsanto's studies, which the EPA promotes,
camouflage the toxicity in their NK603 corn and other
copyright corns by hiding gender specific illnesses. High
school students will note, principal component analysis
reveals that half of Monsanto's rats, females, and the
other half of their rats, males, have different, gender
specified symptoms of toxicity. However, Monsanto's

negative values on the left x-axis cancel out with their
positive values on the right x-axis, all for "rats," which
creates a tactical statistical deception, of approximately
zero negative effects to "rats." This has been going on
since 2009. American high school senior bio-statistics
students, please see Figures 1 & 2, showing red target
zones for male rats and black target zones for female rats,
both with different toxicity symptoms, in the peer
reviewed study published in International Journal of
Biological Sciences, published in 2009 (6).
[C] The JFF report mentions the potential dangers of
inert ingredients. Following is a specific example of toxic
inert ingredients which illustrates again, the EPA works
for Monsanto. The Roundup inert ingredient, the
adjuvant POE-15, the herbicide carrier, is measured by
mass spectrometry, to be 10,000 times more toxic to
human fetal cells, at only 3 ppm, than Roundup's active
ingredient, the herbicide glyphosate (Toxicology Epub
2012 Sep 21) (p < .05) (7). Furthermore, the New
England Journal of Medicine reports, August 2015, that
the least toxic component, glyphosate, is a probable
carcinogen. This adjuvant toxicity study came out in

2012, and even now there is "mysteriously" no required
adjuvant toxicity labelling on Roundup containers sold
everywhere.
[D] Regarding stacked traits, mentioned in the JFF
report, Bt-Cry1ab, a bacterial insecticide genetically
engineered inside US corn and soy, is found in human
fetal blood (Reproductive Toxicology, 2011) (8) and kills
human fetal cells in trace parts per million (Journal of
Applied Toxicology, February 15 2012) (9). Now, many
such Bt-toxins are engineered into corn and soy DNA, as
"stacked" traits, because insects have become resistant to
the original Bt-traits. Thus the human fetus, which is not
becoming resistant to stacked traits, in contrast to
insects, is being negatively impacted by more and more
stacked toxic combinations of biotech copyright toxins.
[E] Entropy reports in 2013 (10), that glyphosate may be
implicated as contributing to lowering American
students' serotonin levels leading to depression and
possibly to increased rates of US school associated
violence since 1990. This journal reports that exogenous
semiotic entropy, a physics law applied to eco-systems, is

responsible for the EPA's "environmentally classified
toxins" breaching the human cells. The process of
entropy is illustrated by the example of typos
spontaneously appearing on a computer screen. This can
happen when the genetic alphabet composed of four
letters, adenine (A), guanine (G), cytosine (C), and
thymine (T), are rearranged by unnaturally genetically
engineering glyphosate resistance into corn DNA. Many
more mistakes like ATA GCA CCA changing to AAT ACG
CAC, from entropy problems like too much heat during
corporate genetic engineering, creep into the DNA
sequences which spell "destruction of the monarch,"
instead of "save the monarch." Never the less, as we have
tried to explain, Monsanto's peer review determined
copyright toxins, including glyphosate and Bt-toxins,
may not be measured in US hospitals, even in fetal blood,
because EPA classifications of bio-toxins are actually
being determined by biotech corporations' biased
research, not by independently funded peer review
research. This is why Canadian hospitals are permitted to
measure Monsanto's bio-toxins in human fetal blood.
That is because Canada does not report to the EPA.
Kauai's Clinical Labs could make a partnership with

Canadian hospitals to start testing for the EPA's
environmental toxins which US hospitals can't currently
test for.
[F] The EPA, FDA, and USDA have adopted for food
safety, Monsanto's deceptive statistical strategy of using
only 10 rats per gender to determine food safety for
billions of livestock animals and humans. "Concerning
the statistical power in a t test at 5%, with the
comparison of 2 samples of 10 rats, there is 44% chance
to miss a significant effect of 1 standard deviation (SD;
power 56%). In this case to have a power of 80% would
necessitate a sample size of 17 rats," reports the
international Journal of Biological Sciences, published
2009 (6).
[G] The EPA has implicitly promoted Monsanto's tactful
use of inadequate 90 day studies on their rats eating
Monsanto’s corn. This hides “statistically significant
organ pathologies when duration of exposure was
extended beyond 90 days to 2 years,” reports
Environmental Sciences Europe, published 29 August
2015 (10) (11). These rats eating Monsanto's corn with

Roundup residues, also had very fast growing tumors and
abnormally high mortality rates which increases the
statistical "effect" size.
The JFF report has taken the correct direction,
recommended by the Lancet Neurology, published in
2014, which recommends starting to hospital test
routinely, for everyone internationally, for
neurotoxicants like chlorpyrifos, lead, and methyl
mercury (2).
Dr. Jim Yong Kim, MD, the President of the World Bank,
helped create the Lancet 2010, Global Burden of Disease
Report (12), that all toxins such as in the JFF report, and
including Monsanto's toxic food ingredients and
household Roundup toxic inert ingredients, need to be
hospital tested in all hospitals, not just outside of the US
in foreign hospitals, to generate the data to establish comorbitity variables.
Thus in conclusion, these types of peer reviewed studies
mentioned here and originating external to Hawaii,
necessitate raising a red flag level of urgency for the

implementation of new medically and ethically required
protocols, including pesticide perimeter zones, and
hospital testing, immediately. To wait ten years after
larger amounts of local Hawaii data is collected would be
as irrational as an unfortunate person disabled with brain
damage from the neuro-toxicants, methyl mercury or
chlorpyrifos. In the former case left finger tapping, as
when playing a flute, activates bilateral left-right
hemispheric brain impulses, instead of just the normal
right hemisphere impulses, as measured by MRI brain
scans, reports Lancet Neurology, in 2014 (2). In the
latter case, a decreased cortex thickness, caused from
pre-natal exposure, leads to severe intellectual
disabilities (2). Again, an eminent JFF panel speaker
mentioned that Hawaii legally banned cigarettes in
Hawaii public buildings with no local data required at all.
This is of utmost importance, even to avoid massive law
suits against biotech giants like Syngenta, by competent
Hawaiian courts following the lead of the ethical High
Court of Paris, which has started the court processes of
protecting the world from Monsanto's misuse of
statistics. Could there be international law suits against

Kauai based biotech corporations, for problems similar to
the following? Will there be international lawsuits
against Monsanto, from eco-system damaged regions,
like Fairfield, Iowa, which has virtually lost the monarch
butterfly, when Iowans have planted in good faith,
glyphosate resistant seeds bioengineered by Monsanto,
who has used deceptive statistical strategies to market
their seeds? When will the EPA and USDA decide to
plant large scale non-pesticide perimeter zones with
milkweed to save the American icon, the monarch?
Parents with resources can take their children to
Canadian or French hospitals where it is medically and
ethically allowed to hospital test for biotech toxins like
chlorpyrifos and Roundup's toxic ingredients. For
successful lawsuits, these ethical hospitals could measure
for diminished pediatric cortex, the marker of prenatal
and post natal chlorpyrifos damage, as described in the
Lancet Neurology, published 2014 (2). This is how simple
the strategy of the Paris High Court was to achieve
victory over ignorance: use peer reviewed journal studies.
Such law suits, if there is any measured pediatric damage

from Kauai pesticides, will be exponentially minimized
by the JFF Report ethically recommending with urgency,
immediate safety medical protocols for Hawaii which we
have mentioned above. The most vulnerable people will
be pregnant mothers, especially during the earliest stage
of human fetal growth, where RUPs like chlorpyrifos are
unintentionally breathed, such as by employees of
biotech corporations near Waimea.

Thank you very much for taking the necessary first step.
Sincerely,
Will M. Davis
4215 Hoala St., Apt. 101
Lihue, HI 96766
808-265-1854
willdavis108@gmail.com
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Will M. Davis
4215 Hoala St., Apt. 101
Lihue, HI 96766
808-265-1854
willdavis108@gmail.com

From: Will Davis <willdavis108@gmail.com>
Subject: Fwd: minimal suggestions for more ethical
and comprehensive final Kauai pesticide report
Date: April 6, 2016 at 5:24:42 PM HST
To: Peter Adler <padleraccord@gmail.com>
Dear Dr.Adler,
Thank you so much for your monumental work.
Sincerely,
Will M. Davis
4215 Hoala St., Apt. 101
Lihue, HI 96766
808-265-1854
willdavis108@gmail.com
---------- Forwarded message ---------From: Will Davis <willdavis108@gmail.com>
Date: Wed, Apr 6, 2016 at 4:53 PM
Subject: re: minimal suggestions for more ethical and
comprehensive final Kauai pesticide report
To: jff.kauaipesticides@gmail.com, "Gary Hooser, Hawaii
Alliance for Progressive Action" <action@hapahi.org>,
Mayor <mayor@kauai.gov>, Michael and Jenica CoonWaymen <michaelandjenica@gmail.com>, President
Philip Hanlon <philip.j.hanlon@dartmouth.edu>, Raja John
Fagan <jfagan64@gmail.com>, john davis
<davi7js4@hughes.net>, Alarik Arenander
<eBrainMatrix@aol.com>, Dawn Bothie
<innermastery@cox.net>, "Dr. John Hagelin"
<development@mum.edu>, mary rose gallagher
<mgallagher108@gmail.com>, Steven Druker

<sdruker@gmail.com>
Dr. Peter Adler, PhD., Director of the Kauai Joint Fact
Finding Pesticides Report
cc: Dr. Margaret Chan, MD., Director of World Health
Organization, Switzerland
cc: Dr. Jim Yong Kim, MD., President of World Bank
cc: President Obama, President of the United States of
America
Dear Dr. Adler,
The Kauai JFF Pesticide Report (1) presentation at the
Kauai Veterans Center, Monday, April 4, was excellent
and inspiring. One of the panel speakers mentioned
that in same way as data external to Hawaii, was used
to create anti-cigarette laws in Hawaii, peer reviewed
studies external to Hawaii, can be used by Hawaii to
ban biotech neuro-toxicants and mandate pesticide
perimeter zones, especially for the 27 Hawaiian
schools within one mile of spraying of restricted use
pesticides (RUPS). Prenatal and postnatal exposure to
chlorpyrifos can lead to a measured thinner pediatric
human cortex, years later, reports Lancet Neurology,
in 2014 (2).
I would like to provide here, additional peer reviewed
data that could boost the overall statistical strength of
your report, and thereby create a more effective
document which is worthy of Switzerland, which
prudently eliminates chlorpyrifos, ahead of the EPA.

Hawaii can do this too.
Point 1. Genetic science is absolutely essential. For
example, "A new study published in PLOS ONE found
that the Transcendental Meditation technique and
lifestyle changes both appear to stimulate genes that
produce telomerase, an enzyme that's associated with
reduced blood pressure, cardiovascular disease, and
mortality.
Specifically, these approaches were found to activate
two genes that code for telomerase, which
adds molecules to the ends of chromosomes,
or telomeres, protecting them from
deteriorating, reports EurekAlert, December 2,
2015.
"The finding that telomerase gene expression is
increased, and that this is associated with a reduction
in blood pressure in a high-risk population, suggests
that this may be a mechanism by which stress
reduction improves cardiovascular health," said
Robert Schneider, MD, FACC, coauthor of the study
(3). Could this same mechanism possibly help repair
DNA damaged by pre-natal exposure to
neurotoxicants? If research supports this, then such
strategies as Transcendental Meditation could be
added to the JFF Report recommendations for Kauai's
hospitals and schools for medical recovery from
exposure to spraying.
Point 2. Following are peer review examples

indicating US regulatory agencies like the FDA,
USDA, and EPA tend to work in a rush on behalf
of biotech corporations, but with a substantial lag
time to update to more successful scientific strategies.
For example, attorney Steven Druker
describes, in Altered Genes, Twisted Truth,
with scientific references, and court obtained FDA
documents, how the FDA illegally rubber stamps
biotech corporations' copyright manipulations of the
gene core of our food, without using statistically
adequate safety protocols.
[A] I came to Hawaii from Fairfield, Iowa, where the
American Midwest monarch butterfly is on the
near endangered species list which illustrates,
"even perfect disorder created by Monsanto, can be
quantified mathematically." Multiple replicated peer
review studies in Insect Diversity and Conservation
Journal (4), Scientific American (5), etc., starting in
2011, pinpoint the primary variable responsible for
destroying the American Midwest monarch butterfly:
glyphosate, which the US Geological Survey
reports, August 29, 2011, cycles in the Midwest
atmosphere, falling in rain and presumably helping
along with actual spraying, to destroy the monarch's
habitat plant, milkweed.
Chaos theory or the butterfly effect
mathematically illustrates how Monsanto's noncomprehensive strategy of genetic engineering is
inadvertently but definitely, destroying non-target
species. The butterfly effect is "the sensitive

dependence on initial conditions in which a small
change in one state of a deterministic nonlinear
system can result in large differences in a later state
(https://en.wikipedia.org/wiki/Butterfly_effect)."
Here the later state includes destruction.
The EPA and USDA has even accelerated this
monarch destruction, when attempting to achieve
higher national grain yields, by actually having
participated in the plan for even more toxic
herbicides like Kauai's Dow Agra's Agent 2,4-D,
from Agent Orange, to replace glyphosate for
2,4-D resistant soy and corn. These 2,4-D
residues will remain in the corn and soy for
human consumption by primarily Americans,
if Kauai's Dow Agra has there way. As Robin
Williams said, "Good morning Viet Nam!"
Lord Christ said in the Bible, "As you sow , so
shall ye reap."
Monsanto and Dow Agra violate genetic probability
theories and quantum mechanical molecular biology
measurement theory, by not testing theories, against
data from US hospitals, by a subtle and unethical
strategy of using the EPA to classify biotech
toxins as environmental toxins, and thereby
excluding them from mainstream US hospital
testing which cannot test the class
"environmental toxins" (this includes excluding
universal testing for chlorpyrifos, and glyphosate, as
all US doctors are aware).

Quantum mechanics explains how ocean waves
interacting with sunlight, may change from blue to
green, as DNA may change the color of a flower.
However calm symmetrical ocean waves often extend
as far as the eye can see, but when they approach the
Kauai shoreline may often rise up to become big surf
waves, but sometimes become so big as to be
destructive. At the shore the waves appear antisymmetric in their motion. Like this the probability
wave function for the highest chance of getting
poisoned in Kauai is nearer the edge of spray zones,
within the spray zone itself, and in the hands of
children playing in their homes with Roundup
containers, which are not marked as deadly poison
(Please see point C, below). Furthermore, quantum
mechanical protocols require testing, such as medical
lab testing. This is because there is always
uncertainty, due to variation in wave probabilities,
during the corporate chaotic lab creation of
genetically engineered DNA molecules. These DNA
molecules are composed of atomic and sub-atomic
particles with variability in molecular position and/or
momentum. Probability theory has strict protocols
such as the wavy curve called the bell curve, to
establish reliability and safety which we will see
Monsanto tactfully discards. Lacking quantum
mechanical measurements violates symmetric and
anti-symmetric laws which are also required in
advanced statistics.

[B] The High Court of Paris has twice punished
Monsanto affiliates for cover up of the following:
Monsanto's studies, which the EPA promotes,
camouflage the toxicity in their NK603 corn and other
copyright corns by hiding
gender specific illnesses. High school students
will note, principal component analysis reveals that
half of Monsanto's rats, females, and the other half of
their rats, males, have different, gender specified
symptoms of toxicity. However, Monsanto's negative
values on the left x-axis cancel out with their positive
values on the right x-axis, all for "rats," which creates
a tactical statistical deception, of approximately
zero negative effects to "rats." This has been going on
since 2009. American senior bio-statistics students,
please Figures 1 & 2, showing red target zones for
male rats and black target zones for female rats, both
with different toxicity symptoms, in the peer reviewed
study published in International Journal of Biological
Sciences, published in 2009 (6).
[C] The JFF report mentions the potential dangers of
inert ingredients. Following is a specific example of
toxic inert ingredients which illustrates again, the
EPA works for Monsanto. The Roundup inert
ingredient, the adjuvant POE-15, the herbicide
carrier, is measured by mass spectrometry, to be
10,000 times more toxic to human fetal cells, at only 3
ppm, than Roundup's active ingredient, the
herbicide glyphosate (Toxicology Epub 2012 Sep 21)
(p < .05) (7). Furthermore, the New England Journal

of Medicine reports, August 2015, that the least toxic
component, glyphosate, is a probable carcinogen. This
adjuvant toxicity study came out in 2012, and even
now there is "mysteriously" no required toxicity
labelling on Roundup containers sold everywhere.
[D] Regarding stacked traits, mentioned in the JFF
report, Bt-Cry1ab, a bacterial insecticide genetically
engineered inside US corn and soy, is found in human
fetal blood (Reproductive Toxicology, 2011) (8) and
kills human fetal cells in trace parts per
million (Journal of Applied Toxicology,
February 15 2012) (9). Now, many such Bt-toxins are
engineered into corn and soy DNA, as "stacked" traits,
because insects have become resistant to the
original Bt-traits. Thus the human fetus, which is not
becoming resistant to stacked traits, in contrast to
insects, is being negatively impacted by more and
more stacked toxic combinations of biotech copyright
toxins.
[E] Entropy reports in 2013 (10),
that glyphosate may be implicated as contributing
to lowering American students' serotonin levels
leading to depression and possibly to increased
rates of US school associated violence since 1990. This
journal reports that exogenous semiotic entropy, a
physics law applied to eco-systems, is responsible for
the EPA's "environmentally classified toxins"
breaching the human cells. The process of entropy is
illustrated by the example of typos spontaneously

appearing on a computer screen. This can happen
when the genetic alphabet composed of four letters,
adenine (A), guanine (G), cytosine (C), and thymine
(T), are rearranged by genetic engineering when
unnaturally engineering glyphosate resistance into
corn DNA. Many more mistakes like ATA GCA CCA
changing to AAT ACG CAC, from entropy problems
like too much heat during corporate genetic
engineering, creep into the DNA sequences which
spell "destruction of the monarch," instead of "save
the monarch." Never the less, as we have tried to
explain, Monsanto's peer review determined copyright
toxins, including glyphosate and Bt-toxins, may not be
measured in US hospitals, even in fetal blood, because
EPA classifications of bio-toxins are actually being
determined by biotech corporations' biased research,
not independently funded peer review research. This
is why Canadian hospitals are permitted to measure
Monsanto's bio-toxins in human fetal blood. That is
because Canada does not report to the EPA. Kauai's
Clinical Labs could make a partnership with Canadian
hospitals to start testing for the EPA's environmental
toxins which US hospitals can't currently test for.
[F] The EPA, FDA, and USDA have adopted for food
safety, Monsanto's deceptive statistical strategy of
using 10 rats per gender, "Concerning the statistical
power in a t test at 5%, with the comparison of 2
samples of 10 rats, there is 44% chance to miss a
significant effect of 1 standard deviation (SD;
power 56%). In this case to have a power of 80%

would necessitate a sample size of 17 rats," reports the
international Journal of Biological Sciences,
published 2009 (6).
[G] The EPA has implicitly promoted Monsanto's
tactful use of inadequate 90 day studies on their rats
eating their corn. This hides “statistically
significant organ pathologies when duration
of exposure was extended beyond 90 days to 2
years,” reports Environmental Sciences Europe,
published 29 August 2015 (10) (11). These rats eating
Monsanto's corn with Roundup residues, also had
very fast growing tumors and abnormally high
mortality rates which increases the statistical "effect"
size.
The JFF report has taken the correct direction,
recommended by the Lancet Neurology, published
2014, which recommends starting to hospital test
routinely, for everyone internationally, for
neurotoxicants like chlorpyrifos, lead, and methyl
mercury (2).
Dr. Jim Yong Kim, MD, the president of the World
Bank, helped create the Lancet 2010, Global Burden
of Disease Report (12), that all toxins such as in the
JFF report, and including Monsanto's toxic food
ingredients and household Roundup toxic inert
ingredients, need to be hospital tested in all hospitals,
not just outside of the US in foreign hospitals, to
generate the data to establish co-morbitity variables.

Thus in conclusion, these types of peer reviewed
studies mentioned here and originating external to
Hawaii, necessitate raising a red flag level of urgency
for the implementation of new medically and ethically
required protocols, including pesticide perimeter
zones, and hospital testing, immediately. To wait ten
years after larger amounts of local Hawaii data is
collected would be as irrational as developmentally
disabled children who were pre-nataly exposed to
neuro-toxicants like chlorpyrifos, methyl mercury, or
lead. Again, an eminent JFF panel speaker mentioned
that Hawaii legally banned cigarettes in Hawaii public
buildings with no local data required at all.
This is of utmost importance, even to avoid massive
law suits against biotech giants like Syngenta, by
competent Hawaiian courts following the lead of the
ethical High Court of Paris, which has started the
court processes of protecting the world from
Monsanto's misuse of statistics. Could there be
international law suits against Kauai based biotech
corporations, for problems similar to the following?
Will there be international lawsuits against Monsanto,
from eco-system damaged regions, like Fairfield,
Iowa, which has virtually lost the monarch butterfly,
when Iowans have planted in good faith, glyphosate
resistant seeds bioengineered by Monsanto, who has
used deceptive statistical strategies to market their
seeds? When will the EPA and USDA decide to plant
large scale non-pesticide perimeter zones with

milkweed to save the American icon, the monarch?
Parents with resources can take their children to
Canadian or French hospitals where it is medically
and ethically mandated to hospital test for biotech
toxins like chlorpyrifos and Roundup's toxic
ingredients. For successful lawsuits, these ethical
hospitals could measure for diminished pediatric
cortex, the marker of prenatal and post natal
chlorpyrifos damage, as described in the Lancet
Neurology, published 2014 (2). This is how simple the
strategy of the Paris High Court was to achieve victory
over ignorance: use peer reviewed journal studies.
Such law suits, if there is any measured pediatric
damage from Kauai pesticides, will be exponentially
minimized by the JFF Report ethically recommending
with urgency, immediate safety medical protocols for
Hawaii which we have mentioned above. The most
vulnerable people will be pregnant mothers, especially
during the earliest stage of human fetal growth, where
RUPs like chlorpyrifos are unintentionally breathed,
such as by employees of biotech corporations near
Waimea.
Thank you very much for taking the necessary first
step.
Sincerely,
Will M. Davis

4215 Hoala St., Apt. 101
Lihue, HI 96766
808-265-1854
willdavis108@gmail.com
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From: ofstone@aol.com
Subject: JFFG Comments
Date: April 8, 2016 at 5:07:21 PM HST
To: jﬀcomments@gmaill.com, ofstone@aol.com,
padleraccord@gmail.com
Comments on JFF Pesticide
Report
Jeri Di Pietro 808 651 1332

April 5, 2016

Joint Fact Finding Study Group Report entitled: PESTICIDE
USE BY LARGE AGRIBUSINESSES ON KAUA’I: Findings
and Recommendations
As a longtime concerned citizen, I am glad to see this
impartial group to report on the fact finding process. It
confirms that we have no idea, no disclosure and no county
agency looking after an experimental use even though we
proclaim it’s “important value”.
I think these are very good recommendations, but I do not
want this to be a stalling tactic for studies that take more
time while the poisoning continues. The truth is, we should
look to the many wisdom's such as the precautionary
principle to do no harm, the wisdom of kanaka maoli, to
malama aina, and to our huge vulnerability to be food secure
in our island chain.
The report should make a strong statement about the
environmental and human health concerns with the
exposure to pesticide mixtures, combinations or cocktails.
Be must look after our pollinators, as the Bt toxin of the

chemical corn kills indiscriminately and we are losing our
bee population. What goes on here can eith er harm the
world, as we spread our transgenic seed to far away places,
or we can be the
There will never be large enough sample sizes for research
to demonstrate definitive patterns of disease on Kaua`i
linked to specific pesticides because of the island’s small
population

Children can have an increase potential exposure at a time
of their lives when organs are still developing making their
bodies more susceptible to toxins.
As they move toward a lifetime of exposure (including in
utero exposure links to cancer and neuro developmental
problems such as autism and ADHD, and higher rates of
breast cancer and abnormal sperm in adults today have
been linked to their pesticide exposure during adolescence).
There will never be large enough sample sizes for research
to demonstrate definitive patterns of disease on Kaua`i
linked to specific pesticides because of the island’s small
population because corporations have used so many
pesticides over a century and because many health effects
will not become evident for decades into the future. So,
Hawai`i needs to move ahead to create policy based on
definitive science, recognizing and acting on larger national
and international peer-reviewed, published research
The report needs to clarify that over the past 15 years, the
seed companies have failed to follow Best Management
Practices (BMPs), required to meet the minimum standards

established by the Generally Accepted Agricultural
Management Practices (GAAMP). This approach to farm
management has exacerbated the risk of environmental
pollution and human exposure to pesticides and dust
escapes to rural communities in Kauai.
Mahalo nui loa for the time and effort towards this project,
Jeri Di Pietro
PO Box 338
Koloa, HI 96756

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: ENOUGH! Ban RUPs & GMOs until
proven safe for Kaua'i
Date: April 6, 2016 at 4:01:23 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Mahana Dunn <mahana@mahanadunn.com>
Date: Wed, Apr 6, 2016 at 11:01 AM
Subject: ENOUGH! Ban RUPs & GMOs until proven safe
for Kaua'i
To: jffcomments@gmail.com
Aloha JFF committee,

Mahalo nui for your efforts in the Joint Fact Finding
reports (or lack thereof).
As a dedicated protector and environmental activist
on Kauai since 1994, I would like to offer
my honest opinion on this grave matter. We The
People of Kauai already PASSED Bill 2491 "Kauai's
Right to Know Bill" in 2013, which was made LAW,
Ordinance 960. The fact that we are going through all
of this again makes me ill on all levels.
Since the time Bill 2491 began, my dear mother who
lives in Haena, on the other side of the West Side
Mountains, almost died from stage 3 breast cancer in

2014. NONE of her doctors can deny that she did not
contract breast cancer from Restricted Use
Pesticides and aerial spraying; these "RUP's" being
illegal in over 66 countries.
Both my 80 year old mother, pictured below in today's
Garden Island News and I demand that Restricted
Use Pesticides and GMOs be BANNED until they can
be proven safe!
"How do I know whether these pesticides gave me stage 3 breast cancer or not?!
We need these things banned so other people don't suffer from cancer like I did
when there is no disclosure. We must protect our community!" -my mother,
Loretta Dunn
Did you know that my mom's oncologist just said that Wilcox Oncology had to
bring on another cancer doctor because the number of cancer victims on Kauai
has DOUBLED since she began treatment in 2014? That is a FACT that you
need to research ASAP!
The truth is already out there and known all over the world, and the news about
how paradise is being poisoned is going viral, and will be affecting
our tourism industry if it hasn't already. Do you all really want to be responsible
for allowing Kauai ohana to be poisoned due to "lack of facts?!" There are so
many scientific facts! Please do your job! Do you really want the poisoned blood
of our community on your hands and conscience?
I remain vigilant in my vow to the Kupuna and keiki alike: PROTECT WHAT YOU
LOVE! STOP POISONING PARADISE NOW.
Most sincerely,
Mahana Dunn

Jessica Else/The Garden Island

Mahana Dunn shows off her sign and shirt promoting a pesticide-free
Kauai at the Joint Fact Finding Group's public briefing and panel
discussion Monday night.

LIHUE — Everyone minded their manners at the Monday night panel
discussion on the affects of pesticide use on Kauai. But they didn’t all
agree.
With news cameras and spotlights trained on the eight-member panel
that made up the Joint Fact Finding Group, about 200 people sat in
the audience at the Kauai Veterans Center. Police department were
stationed at every entrance to the building.
Everyone was there for a discussion on the group’s draft report
detailing the use of pesticides by agribusiness on Kauai. The draft
report was released in February and the group is accepting public
comment until April 8.
“The rule is civility, respect, and aloha,” said Peter Adler, with
Accord3, the company that facilitated the study and the panel

discussion. “We’re not on a jihad tonight, we’re here to learn and
understand.”
Save for a few scattered cheers and a smattering of clapping
throughout the evening, the audience complied. Though the panel
members didn’t agree on everything, the discussion prevailed with an
air of civility.
The panel members concluded more data would be helpful, but
debated whether it is necessary and where it should come from.
“Based on the facts we have found, we need better health data,” said
Sarah Stylan, member of the fact-finding group and senior research
manager for Global Marker Technologies at the DuPont Pioneer
Waimea Research Station. “The important thing now is to get the
experts engaged, to get more scientific and more factual.”
Gary Hooser, Kauai Council member and president of the Hawaii
Alliance for Progressive Action, said there’s plenty of existing data
that “supports the modest request for disclosure, buffer zones, and
regular testing of air, soil and water.”
Those requests are part of the draft report’s recommendations —
which are still being debated within the group itself.
“If you look at the history of similar situations that occur in other parts
of the country, the agrochemical industry will always contend more
studies are needed and will always dispute studies that show health
and environmental harm,” Hooser said.
Adam Asquith, Kauai’s extension specialist with the University of
Hawaii Sea Grant College Program and a member of the fact-finding
group, said he thinks there’s a need for more local data, but Kauai
should be casting a wider net.
He pointed out that in order for data to be considered statistically
significant, which means the data would indicate a relationship
between health problems and pesticide use, there has to be a big
enough sample size.
“It’s a fundamental issue of sample size. The Westside isn’t big
enough,” Asquith said. “My opinion is we should look broader than
our community to guide our decisions.”
Don Heacock, aquatic biologist with the Department of Land and
Natural Resources, attended Monday night’s meeting and said

Asquith was on point with his recommendation to gather data from
the rest of the world on the effects of pesticide exposure.
“One thing that was glaringly missing from those recommendations is
to bring global scientific data into the decision-making on how these
biocides (pesticides) are going to be regulated,” Heacock said.
Kauai resident Mahana Dunn said in her opinion Monday’s meeting
was nothing but an “unbelievable amount of bureaucratic nonsense.”
“I heard a lot of rhetoric and a lot of placating the community,” Dunn
said. “It’s getting us all riled up again because we want to protect our
community. We want a total ban on all of this until it has been proven
safe.”
Hooser said he applauds the hard work and dedication of the group,
and that the report reaffirms what “many in our community have been
requesting for the past several years.”
“I am hopeful now that our community can move forward in unity to
implement the report’s recommendations,” Hooser said.
The 100-page report is available online at www.accord3.com/
pg1000.cfmand public comments can be submitted on the website, or
by emailing jffcomments@gmail.com, through April 8.
The group is looking for feedback on specific errors on factual data
and empirical evidence, and for feedback on things that have been
left out of the report, that should be considered.
“This is a draft and a work in progress, and if we got things wrong, we
want to know,” Adler said.

http://thegardenisland.com/news/local/enough/
article_8e6edbfe-4a9e-5d90-b01c-1abda9268e9e.html

April 8, 2016
Comment Submission to Accord3, JFF Report
Dear Peter Adler, the Joint Fact Finding Study Group and the Accord3 team:
First, I would like to thank you all for volunteering your time and expertise to the
Joint Fact Finding process. You have produced a comprehensive and thorough work that
is much needed by researchers, physicians, healthcare professionals, and regulatory
agencies. I also appreciate your commitment to preserving respectful community
discourse.
I am including most of my suggested edits in the margins of the actual report as
an attachment so that they may be conveyed as specifically as possible. However, I also
include, below, points of particular concern which I feel deserve the study group’s
heightened consideration for the final version of the report:
1. Exemption Language: Important text is missing, regarding regulatory exemptions
that apply to current west Kaua’i agricultural entities. Please consider including text
describing the exemptions that are currently in place, especially with regard to grading
and grubbing of soils, for the benefit of these companies. Exemptions related to the
large-scale handling of soils is relevant to the understanding of pesticide migration, since
fugitive dust and specific weather patterns have the potential of carrying pesticides into
homes, schools, waterways and community spaces.
As many of the JFF members are aware, entities that receive approval of soil
conservation plans from the self-governing East or West Kaua’i Soil & Water
Conservation Districts’ Board of Directors are not required to comply with the County’s
grading and grubbing requirements of reporting and permit application. Additionally,
entities with an approved conservation plan are also exempted from obtaining permits for
work within Special Management Areas (SMA’s) which are usually tied to Coastal Zone
Management requirements. Fields under cultivation by the companies in west Kaua’i
often lie within SMA’s, as they are near to coastal areas. Therefore, please include text
on p. 72 as a new subsection iii, to describe Exemptions from regulatory reporting that
are currently available to agricultural entities.
2. Chlorpyrifos Toxicity in Aquatic Environments: Please consider including these
statements on p. 84 (perhaps in a new subsection ii) and on p. 8 (Executive Summary,
Environmental Impacts):
Despite the Lorsban Advanced label warning that chlorpyrifos is highly toxic in
aquatic environments, small mammals and birds, this pesticide is nevertheless
applied in areas proximate to both near-shore reefs and near ground water tables
on the Mana Plain fields by the seed companies. Application of chlorpyrifos is
occurring under the watch of the companies’ land licensor, the Agribusiness
Development Corporation (ADC) and the management oversight, under a state-

issued MOA, of the private cooperative, Kekaha Agriculture Association. Due to
a current decision by ADC to consider itself exempt from reporting requirements
of the Clean Water Act, there is no way of monitoring the migration or impact of
chlorpyrifos into surface and groundwater.
I include the label text here for inclusion in the report and/or Appendix:

3. Update JFF Study to Include GNP Reports to January 2016. As of April 8, 2016,
the GNP database includes reports up to January 2016. I have attached the Excel format
report to January 2016 for your convenience.
4. Please List Months of High Planting, Pesticide Application and Harvesting.
Residents of west Kaua’i have often noted that there is heavy agricultural activity on seed
company agricultural fields during particular times of year. Please include in Section III
(Specific Findings – Pesticide Use on Kaua’i) a list, description or chart indicating
specific months or times of year when pesticide application activity, as well as high
planting and harvesting activity occurs. While this data would probably be most directly
available from the companies themselves, some of this information may also be gleaned
from testimonies and data collected in the Waimea fugitive dust lawsuit transcripts
available directly from the court.
5. Include Text in Section VI (Specific Findings- Regulation and Oversight) on the
Importance of Legislating, Contracting and Requiring Formal Accountability for
Post-Merger Liability for Pre-Existing Pesticide-Related Damage to the State,
County and Residents. As JFF members are aware, the companies cultivating state and
private lands on Kaua’i are undergoing corporate mergers of their parent companies
which may have widespread impact on their activities on this island. DuPont Pioneer is
undergoing a merger with Dow, and Syngenta continues to explore merger offers with
ChemChina and perhaps Monsanto. This may imply consolidation or expansion of
current activities, or a shift in the agricultural footprint. Regardless, please include text
in Section VI (Regulation and Oversight) and in Section X (Recommendations) the
need for the State and County to consider near-term legislation and policies that will
continue to hold the pre-merger companies monetarily responsible for damage, liability
and clean-up/remediation resulting from their use of public lands, and lands near
residential communities.

The Recommendation may be best directed to our legislators (in subsection B, to
Senator Kouchi and our Kaua’i state reps) most importantly, though it applies to all
agencies and elected officials.
6. Please Update Section VIII (Recent Pesticide Developments), subsection D(iv)
(Chlorpyrifos, Status on Kaua’i), p. 86, to Include the Recent Launch of an Official
EPA Investigation Concerning the January 2015 Syngenta Field Workers Exposure
Incident.
Since the release of the JFF draft report, several new findings have posed unanswered
questions on the handling of a January 2015 incident involving over ten field workers
from Syngenta. As a result, the EPA has launched an official investigation into the
details of that incident. Because this investigation may have important impacts on future
practices on Kaua’i’s ag fields, JFF members are urged to include updated details on the
reasons for this investigation from those directly involved with this process.
7. Amend Study’s Definition of “Surfactant” in Appendix 1, p. 24.
Please consider adding more detail to the definition of “surfactant” as this has greater
pertinence to the discussion of pesticides usage and application, for example:
Surfactants are routinely deposited in numerous ways on land and into water
systems, whether as part of an intended process or as industrial or household
waste. Some of them are known to be toxic to animals, ecosystems, and humans,
and can increase the diffusion of other environmental contaminants. As a result
there are proposed or voluntary restrictions on the use of some surfactants.
8. Please Include a Fuller Explanation of “Volatilization” and “Thermal Inversion”
in Section IV (Environmental Impacts), as These Concepts are Considerably
Relevant to West Kaua’i Weather Patterns.
On page 39, please consider inserting the following language (taken from a Fact Sheet on
mitigating 2,4D drift issued by the Texas Cooperative Extension), to help regulators and
researchers understand the mechanics of volatilization and thermal inversion, and the
need for them to question whether MSDS regulations are highly accurate or appropriate
in areas where thermal inversions may be frequent, and as frequently witnessed by
westsiders in the early morning.
When a herbicide ‘volatilizes’ it changes forms from a liquid to a vapor (gas).
The vapor can then move large distances with the wind currents. This type of
drift, under the right conditions, can cause severe injury to cotton several miles
from the application site…
One other weather condition that all herbicide applicators need to be aware of is
called a thermal inversion. Never spray if a thermal inversion is present. A
thermal inversion occur when a layer of warm area is trapped between two layers

of cool air. This weather condition is often hard to recognize, but is most common
early in the morning under cloudy very still conditions. Dew formation and fog
close the ground will often be present. Dust from roads lingering in the air is an
indication of the presence of a thermal inversion. Under these conditions drift
can move several miles.[emphasis added]. Always be extra cautious if a thermal
inversion is suspected to be present. Once temperatures begin to warm up in the
morning and you begin to get air movement, the thermal inversion will dissipate.

9. Include the Concept of Bioaccumulation, Biomagnification and Bioconcentration
of Pesticides in Section IV (Environmental Impacts), in the Introduction and
Summary, Perhaps After Second Sentence in Subsection A.
Please include some aspect of the important environmental concepts below that focus on
the migrations of chemicals, through an ecosystem’s web of relationships and food
chains. This will be very helpful to those readers whose perspectives about pesticides are
understood through their interaction with the land and water, through fishing, hunting,
and cultural practices:
Bioaccumulation is the progressive increase in the amount of a substance in an
organism, or part of an organism, which occurs because the rate of intake
exceeds the organism’s ability to remove the substance from the body.
Biomagnification is a process that results in the accumulation of a chemical in
an organism at higher levels than are found in its food. It occurs when a chemical
becomes more and more concentrated as it moves up through a food chain -- the
dietary linkages between single-celled plants to increasingly larger animal
species.
A major concern for environmental contamination is the extent to which
pollutants concentrate from water into aquatic organisms such as fish. The
extent of such concentration, termed the bioconcentration factor (BCF), is given
by the ratio of the pollutant concentration in fish to that in the water.”

10. Please Consider Listing “Impaired Reproductive Function” in Table 5.1 (p. 55)
under “Endocrine Disruption” and Consider This Suggested Text as a New
Subsection V, as “Pesticide Effects on Endocrine Disruption.”
Some focused mention is warranted in the main text of the report re: effects of pesticides
on reproductive systems, specifically as west Kaua’i is home to many young children and
adults of childbearing age. As reported in recent studies, reproductive harms may include
low sperm counts and other inhibitors of reproductive systems. Please also consider
adding a reference to any adverse impacts of pesticides that may lead to intergenerational
or epigenetic harm.

See, for example this 2011 review of research provided by the National Institute of
Health: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3138025/
An excerpt from this article:
At the environmental level, wildlife is particularly vulnerable to the endocrine
disrupting effects of pesticides. Effects linked to endocrine disruption have been
largely noted in invertebrates, reptiles, fish, birds and mammals as reviewed by
Mnif et al. Most of them are linked to exposure to organochlorine pesticides (OC)
and affect the reproductive function. For example, a study on Daphnia magna has
shown that endosulfan sulphate disrupts the ecdysteroidal system (regulating
processes such as molting and embryonic development) and juvenile hormone
activity (regulating the sex ratio) of crustaceans. Another example is the influence
of linuron on reproductive hormone production, testosterone production in rats
being significantly reduced after in utero exposure to linuron, whereas
progesterone production was not affected.
At the human level, endocrine disruptor pesticides have also been shown to
disrupt reproductive and sexual development, and these effects seem to depend on
several factors, including gender, age, diet, and occupation.
Age is a particularly sensitive factor. Human fetuses, infants and children show
greater susceptibility than adults. Much of the damage caused by EDC occurs
during gametogenesis and the early development of the fetus. However, the effects
may not become apparent until adulthood.

11. Please Adjust the Wording of Key Sentences in the Executive Summary (p.9) so
as not to lead lay readers to the erroneous conclusion that there are no links between
pesticides and harm.
The first sentence in the first paragraph on p. 9 is unintentionally, but effectively,
misleading to readers. It should not read," the information we assembled does not
show…" That sentence should be stricken and replaced by the more accurate statements,
such as:
The JFF Study Group was not able to obtain adequate data on local Kaua'i
populations to understand possible links between adverse health impacts, birth
defects, and current pesticide use. The state does not currently maintain a
monitoring program that focuses on generating adequate data sets that could
prove useful in this inquiry for Kaua'i populations, and more particularly, west
Kaua'i populations.
Currently, for your quick reference, the Draft Study text reads:

and,
please consider adjusting the wording on p. 8, Exec. Summary (Flora and Fauna)
The first sentence of the current text (Flora and Fauna) is likewise unintentionally, but
effectively, misleading to readers and may lead to a reader’s erroneous conclusion. The
section should not start with "There is no statistically significant evidence…" That first
sentence should be stricken and replaced by more accurate sentences, such as:
Adequate data on the harms that may be caused by seed company pesticide use to
local Kaua'i flora and fauna is currently unavailable. The state does not currently
maintain a monitoring program focused on generating data sets that could prove
useful in this inquiry for local Kaua'i flora and fauna, and particularly, west
Kaua'i flora and fauna.
Currently the Draft Study text reads:

I hope that these comments are helpful and trust that the JFF committee members will
consider incorporating at least some of them into the final version of your study.
Thank you for your consideration, for all your hard work and respectful discourse with
the Kaua’i community.

Sincerely,
Phoebe Eng, Waimea
!
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2/1/15 0:00 BASF Plant Science
2/1/15 0:00 BASF Plant Science
2/1/15 0:00 BASF Plant Science
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00
2/1/15 0:00

Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
DuPont Pioneer
DuPont Pioneer
DuPont Pioneer
DuPont Pioneer
DuPont Pioneer

2/1/15 0:00 DuPont Pioneer
3/1/15 0:00 Kaua'i Coﬀee Co. LLC
3/1/15 0:00 BASF Plant Science
3/1/15 0:00 BASF Plant Science
3/1/15 0:00 BASF Plant Science
3/1/15 0:00 BASF Plant Science
3/1/15 0:00 BASF Plant Science
3/1/15 0:00 BASF Plant Science
3/1/15 0:00 BASF Plant Science
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
3/1/15 0:00
4/1/15 0:00

BASF Plant Science
DuPont Pioneer
DuPont Pioneer
DuPont Pioneer
DuPont Pioneer
DuPont Pioneer
DuPont Pioneer
DuPont Pioneer
DuPont Pioneer
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Syngenta
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Dow AgroSciences
Kaua'i Coﬀee Co. LLC

100-1295
Warrior II with Zeon Technology
Baythroid XL
264-840
Lannate LV
352-384
Lorsban Advanced
62719-591
Warrior II w/Zeon tech.
100-1295
No RUP's used
Asana XL
352-515
Atrazine 4L
66222-36
Baythroid XL
264-840
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Intrro
524-314
Lannate LV
352-384
Lorsban Advanced
62719-591
Permethrin
34704-873
Warrior II
100-1295
Asana XL
352-515
Atrazine 4L
66222-36
Lannate LV
352-384
Lorsban Advanced
62719-591
Mustang Max
279-3249
100-1295
Warrior II with Zeon Technology
Coragen
352-729
Dual II Magnum
100-818
Force 3G
100-1075
Gramoxone SL
100-1217
Intrro
524-314
Permethrin
34704-873
Aatrex Nine-O
100-585
Asana XL
352-515
Callisto EUP
100-EUP-114
Dual II Magnum
100-818
Lannate
352-384
Lorsban
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Permethrin
34074-873
Voliam Xpress
100-1320
Warrior II
100-1295
Mustang
279-3126
Warrior II w/Zeon tech.
100-1295
Asana XL
352-515
Atrazine 4L
66222-36
Baythroid XL
264-840
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramaxone 2.0 SL
100-1431
Intrro
524-314
Lannate LV
352-384
Lorsban Advanced
62719-591
Permethrin
34704-873
Warrior II
100-1295
Aatrex Nine-O
100-585
Asana XL
352-515
Baythroid XL
264-840
Callisto EUP
100-EUP-114
Force 3G
100-1075
Lannate
352-384
Lorsban
62719-591
Mustang
279-3126
Permethrin
34074-873
Voliam Xpress
100-1320
Warrior II
100-1295
Gramoxone SL 2.0
100-1431
Lorsban Advanced
62719-591
Mustang Max
279-3249
Permethrin
34704-873
100-1295
Warrior II with Zeon Technology
Asana XL
352-515
Dual II Magnum
100-818
Force 3G
100-1075
Gramoxone SL 2.0
100-1431
Intrro
524-314
Bicep II Magnum
100-817
Gramoxone Inteon
100-1217
Warrior II w/Zeon tech.
100-1295
Asana XL
352-515
Baythroid XL
264-840
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Intrro
524-314
Lorsban Advanced
62719-591
Permethrin
34704-873
Gramoxone SL 2.0
100-1431
Aatrex Nine-O
100-585
Asana XL
352-515
Callisto EUP
100-EUP-114
Dual II Magnum
100-818
Force 3G
100-1075
Lannate
352-384
Lorsban
62719-591
Lorsban 15G
62719-34
Lumax EZ
100-1442
Mustang
279-3126
Permethrin
34074-873
Voliam Xpress
100-1320
Warrior II
100-1295
Dual II Magnum
100-818
Force 3G
100-1075-5481
Intrro
524-314
Lorsban Advanced
62719-591
Mustang Max
279-3249
Mustang Maxx
279-3426
Permethrin
34704-873
Gramoxone SL
100-1217
100-1295
Warrior II with Zeon Technology
Atrazine 4L
34704-69
Lannate LV Dupont
352-384
Warrior II w/Zeon tech.
100-1295
Lorsban Advanced
62719-591
Gramoxone SL 2.0
100-1431
Aatrex Nine-O
100-585
Asana XL
352-515
Gramoxone SL 2.0
100-1431
Lannate
352-384
Lorsban
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Voliam Xpress
100-1320
Warrior II
100-1295
Asana XL
352-515
Atrazine 4L
66222-36
Baythroid XL
264-840
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Intrro
524-314
Lorsban Advanced
62719-591
Permethrin
34704-873
Atrazine 4L
66222-36
Baythroid XL
264-840
Dual II Magnum
100-818
Gramoxone SL 2.0
100-1431
Mustang Max
279-3249
Permethrin
34704-873
Coragen
352-729
Force 3G
100-1075-5481
Intrro
524-314
Lorsban Advanced
62719-591
Mustang Maxx
279-3426
Atrazine 4L
34704-69
Baythroid XL
264-840
Warrior II w/Zeon tech.
100-1295
Gramoxone SL 2.0
100-1431
Asana XL
352-515
Atrazine 4L
66222-36
Baythroid XL
264-840
Bicep II Magnum
100-817
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Force 3G
100-1075
Gramoxone 2.0 SL
100-1431
Intrro
524-314
Permethrin
34704-873
Baythroid XL
264-840
Mustang Max
279-3249
Permethrin
34704-873
Dual II Magnum
100-818

A.I. (1) Name
Field area applied to
Total Used (Gallons)
Total Used (Pounds)
A.I. (1) PoundsA.I. (2) Name A.I. (2) PoundsA.I. (3) Name A.I. (3) PoundsTotal area applied to
0
0
0
0
166.75 Atrazine
146.74
166.75
166.75
1.65
Esfenvalerate
1.09
23.43
23.43
0.273
Mesotrione
1.09
3.82
3.82
1.73
S-metolachlor
13.2
11.1
11.1
199.8 Teﬂuthrin
5.99
39.96
39.96
4.44
Methomyl
10.66
23.7
23.7
81.69
Chlorpyrifos
306.75
326.76
326.76
104.82
S-metolachlor
261 Mesotrione
26.1 Atrazine
98.01
139.76
139.76
3.91
Zeta-Cypermethrin
5.87
166.84
166.84
4.41
Permethrin
14.11
94.06
94.06
8.68
Lambda-cyhalothrin
3.62 Chlorantraniliprole
7.25
123.39
123.39
1.95
Lambda-cyhalothrin
4.06
131.5
131.5
0.72
Lambda-cyhalothrin 22.8%
5.28
48
19
0.22
Beta-cyﬂuthrin Cyano(4-ﬂuoro-3-phenoxyphenyl)methyl-3-(-2,2-dimethyl-cyclopropanecarboxylate
0.22
12.70%
10
10
1.25
Chlorpyrifos:O,O-diethyl-O-(3,5,6-trichloro-2-pyridinyl)phosphorothioate
4.69
40.2%
5
5
0.12
Estenvalerate
0.08
1.7
1.7
4.4
Atrazine
17.6
8.8
8.8
66.15
Chlorpyrifos
165.56 Lambda-cyhalothrin 8.53
241.9
229.15
12.31
Chlorantraniliprole
20.56
313.9
298.8
1.95
S-metolachlor
14.88
7.8
7.8
23.4
Paraquat-dichloride
46.8
131.15
131.15
3.81
Alachlor
15.25
6.1
6.1
6.06
Mesotrione
1.62 Atrazine
6.06 S-metachlor
16.25
9.7
9.7
9.07
Permethrin
29.02
145.1
141.05
0.08
Lambda-cyhalothrin
0.17
6.9
6.9
2.89
Paraquat dicloride
5.78
11.54
11.54
8.17
Permethrin
26.144
174.33
174.33
0.01
Beta-cyﬂuthrin
0.01
0.35
0.35
14.16
S-metolachlor
108.18
87.29
87.29
13.39 Teﬂuthrin
0.4017
3.73
3.73
4.59
Alachlor
18.36
10.73
10.73
0.51
Zeta-cypermethrin
0.765
15.29
15.29
6.51
Zeta-cypermethrin
5.208
252.07
237.3
1.67
Esfenvalerate
1.102
26.77
26.77
1.9
Atrazine
7.6
12.17
12.17
12.9
Methomyl
30.96
103.23
103.23
9.2
Chlorpyrifos
34.546
49.07
49.07
3.7
1.17
1.88
2.5
0.13
0
0.2
0.3
0.02
14.3
4.9
2.5
9.6
4.5
5.9
2.4
3.4
0.4
5.83
0.12
10.03
9.4
3.36
2.7
0.47
0.56
7.3
0.91
2.18
2.08
1.11
2.94
25.97
58.28
26.1
1.98
0.88
4.25
2.59
1.6
0.01
2.1
12.5
0.2
5.4
1.1
5.2
11.6
11.1
0.1
3
0.4
0.03
5.15
0.97
0.28
19.22
11.63
0.9
1.01
0.54
1.36
65.4
19.117
1.969
5.933

0.102
0.8
13.12
4.392
1
3.75
0.00375
1
0.3
1.1
0.2
2.7
4.2
1.8
1.3
0.6
75.5
4.28
0.14
0.16
2.59
5.09
23.36
0.25
0.16
1.24
0.6
8.54
10.005
0.312
0.63
0.5
1.7
1

0.63
0.47
0.13
1.68
21.5

3.178
0.0944
0.2185
0.88
0.088
0.06
6
0.3
1.5
0.3
4.8
4.5
0.6
2.9
1.1
6.3
0.1
1.53
1.33
3.37
7.625

2.2
25.2
2.9
0.485
8.57
0.7775
8.156
1.868
2.896

100-1295
Warrior II with Zeon Technology
Force 3G
100-1075-5481
Mustang Maxx
279-3426
Intrro
524-314
Baythroid XL
264-840
Lannate LV
352-384
Sniper
34704-858
Warrior II w/zeon
100-1295
Gramoxone SL 2.0
100-1431
Asana XL
352-515
Atrazine 4L
66222-36
Baythroid XL
264-840
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Warrior II
100-1295
Atrazine 4L
66222-36
Baythroid XL
264-840
Dual II Magnum
100-818
Lorsban Advanced
62719-591
Mustang Max
279-3249
Mustang Maxx
279-3426
Permethrin
34704-873

0.0447
2.8
0.109
0.469
0.002
0.062
34.5
0.8
8
0.6
2.6
0.5
1.3
11.8
0.7
0.195
1.57
3.52
5.175
0.3867
1.375
0.272

100-1295
Warrior II with Zeon Technology
Gramoxone SL 2.0
100-1431
Force 3G
100-1075-5481
Intrro
524-314
Aatrex Nine-O
100-585
Asana XL
352-515
Baythroid XL
264-840
Beseige
100-1402
Dual II Magnum
100-818
Lannate LV
352-384
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Permethrin
34707-873
Warrior II
100-1295
No RUP's used
Asana XL
352-515
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Lorsban Advanced
62719-591
Permethrin
34704-873
Atrazine 4L
34704-69
Mustang
279-3126
Warrior II w/zeon
100-1295
Mustang Maxx
279-3426
Gramoxone SL 2.0
100-1431
Force 3G
100-1075-5481
Dual II Magnum
100-818
Coragen
352-729
Mustang Max
279-3249

1.83
0.52
1.32
0.41
1.31

1.98
2.61
13.31
11.36
22.36
1.85
1.5
46
0.088
1.12
0.039
0.5
0.04
51.2
3.6
1
36.9

2.14
2.46
0.47
2.06
8.62
33.64
1.1
0.14
0.76
0.61
2.61
3.11
9.09
34.25
1.13
0.83
29
5.777
1.258
4.816
0.516
16.244
1.538
0.348
0.5
0.24
0.25
0.09
7.206
0.018
1.24
1.8

1.9

1.01
0.02
3.78
0.49
2.89
16.82
18.94
1.06
0.15
0.52
0
1.8
1.5
1.9
0.5
42.7
9.7
0.44
0.63
0.17
0.02
0.0674
0.422
0.7818
0.1965
0.1284

100-1295
Warrior II with Zeon Technology
Permethrin
34704-873
Gramoxone SL 2.0
100-1431
Aatrex Nine-O
100-585
Asana XL
352-515
Besiege
100-1402
Callisto EUP
100-EUP-114
Dual II Magnum
100-818
Lannate LV
352-384
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Permethrin
34707-873
Warrior II
100-1295
Baythroid XL
264-840
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Lumax
100-1152
Permethrin
34704-873
Atrazine 4L
34704-69
Intro
524-314
Lorsban Advanced
62719-591
Mustang
279-3126
Sniper
34704-858
Warrior II w/zeon
100-1295
Dual II Magnum
100-818
Force 3G
100-1075-5481
Gramoxone SL 2.0
100-1431
Intrro
524-314
Mustang Maxx
279-3426
Permethrin
34704-873
Baythroid XL
264-840

0.0349

100-1295
Warrior II with Zeon Technology
No RUP's used
Asana XL
352-515
Atrazine 4L
34704-69
Baythroid XL
264-840
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Lorsban Advanced
62719-591
Lumax
100-1152
Permethrin
34704-873
Atrazine 4L
34704-69
Baythroid XL
264-840
Lorsban Advanced
62719-591
Lannate LV
352-384
Warrior II w/zeon
100-1295
Aatrex Nine O
100-585
Besiege
100-1402
Callisto EUP
100-EUP-114
Dual II Magnum
100-818
Lannate LV
352-384
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Permethrin
34704-873
Warrior II
100-1295
Coragen
352-729
Dual II Magnum
100-818
Force 3G
100-1075-5481
Permethrin
34704-873
Mustang Max
279-3249
Mustang Maxx
279-3426

0.03525

100-1295
Warrior II with Zeon Technology
Atrazine 4L
34704-69
Lorsban Advanced
62719-591
Mustang
279-3126
Warrior II w/zeon
100-1295
No RUP's used
Aatrex Nine O
100-585
Asana XL
352-515
Besiege
100-1402
Callisto EUP
100-EUP-114
Dual II Magnum
100-818
Lannate LV
352-384
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Permethrin
34704-873
Warrior II
100-1295
Baythroid XL
264-840
Coragen
352-729
Mustang Maxx
279-3426
Permethrin
34704-873

0.731
33.5
0.0007
0.59
0.013
0.2
4.8
7.61
160.88
1.34
0.06
3.2
0.07
0.03
59.63
79.34
30.19
0.008
6.56
12.25
7.5
0.147
0.068
0.045
4.884
0.431
4.797
0.3743
0.705
0.128

0
0.3
30.54
2.12
3.77
0.72
37.23
1.85
22.13
1.65
8.8
0.131
4
0.75
0.788
5.87
0.1
0.31
12
19.13
162.65
2.16
0.09
3.73
0.8
12.37
2.221
0.08
0.582
0.24
2.25
11.88
0.12
0.62
0
0.25
2.83
0.12
0.61
19.83
49.87
30.01
4.21
1.35
2.34
0.785
2.47
1.23
0.933

100-1295
Warrior II with Zeon Technology
Asana XL
352-515
Atrazine 4L
66222-36
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Intrro
524-314
Lumax
100-1152
Permethrin
34704-873
Warrior II
100-1295
Asana XL
352-515
Baythroid XL
264-840
Besiege
100-1402
Dual II Magnum
100-818
Force 3G
100-1075
Lorsban Advanced
62719-591
Mustang
279-3126
Permethrin
34704-873
Warrior II
100-1295
Gramoxone SL 2.0
100-1431
Asana XL
352-515
Atrazine 4L
66222-36
Baythroid XL
264-840
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Lorsban Advanced
62719-591
Lumax
100-1152
Permethrin
34704-873
Baythroid XL
264-840
Atrazine 4L
34704-69
Besiege
100-1402
Asana XL
352-515
Baythroid XL
264-840
Lannate LV
352-384
Mustang Maxx
279-3426
Permethrin
34704-873

3.3
0.65
1.31
0.04
3.6
9.2
1
0.7
9.9
6.4
0.5
5.1
7.8
2.1
4.2
0.77
0.38
0.05
1.82
0.5755
3.718
0.5246
0.797

100-1295
Warrior II with Zeon Technology
Coragen
352-729
Dual II Magnum
100-818
Force 3G
100-1075-5481
Gramoxone SL 2.0
100-1431
Gramoxone SL 2.0
100-1431
Lannate LV
352-384
Lorsban Advanced
62719-591

0.6773
20.6
0.28
0.38

100-1295
Warrior II w/Zeon Technology
Agri-Flex*
100-1350
Agri-Mek
100-1351
Asana XL
352-515
Baythroid XL
264-840
Force 3G
100-1075
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Warrior II
100-1295
Asana XL
352-515
Baythroid XL
264-840
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Lannate LV
352-384
Lorsban Advanced
62719-591
Permethrin
34704-873
Dual II Magnum
100-818
Force 3G
100-1075-5481
Gramoxone SL 2.0
100-1431
Mustang Maxx
279-3426
Baythroid XL
264-840
100-1295
Warrior II with Zeon Technology
Gramoxone SL 2.0
100-1431
Atrazine 4L
34704-69
Baythroid XL
264-840
Lannate LV
352-384
Lorsban Advanced
62719-591
Mustang
279-3126
Sniper
34704-858
100-1295
Warrior II w/Zeon Technology
Besiege
100-1402
Coragen
352-729
Dual II Magnum
100-818
Force 3G
100-1075-5481
Gramoxone SL 2.0
100-1431
Lannate LV
352-384
Lorsban Advanced
62719-591
Mustang Maxx
279-3426
Permethrin
34704-873
Aatrex Nine-O
100-585
Asana XL
352-515
Baythroid XL
264-840
Beseige
100-1402
Callisto EUP
100-EUP-114
Dual II Magnum
100-818
Force 3G
100-1075
Gramoxone SL
100-1431
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Mustang
279-3126
Permethrin
34704-873
Warrior II
100-1295
Asana XL
352-515
Atrazine 4L
34704-69
Baythroid XL
264-840
Cobalt Advanced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Gramoxone 2.0 SL
100-1431
Lannate LV
352-384
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Permethrin
34704-873
Gramoxon

0.676
0.12
4.4
66.15
12.31
1.95
23.4
3.81
6.06
9.07
0.08
5.92
1.76
7.1
0.31

1.029
0.874
0.366

0.02
0.001
0.001
3.4
0.06
0.04
8.66
0.13
4
0.3
14.2
2.7
1.5
0.188
0.2
7.8
0.4
1.53
4.45
0.08731
0.349
0.6677
8.75
0.5
0.03
0.56
0.5
0.05
0.023
0.059
0.04
0.244
7.73
1.614
0.04889
1.62
0.24
0.2
0.21
1.71
0.23
0.09
0.16
10
14.63
106.23
0.12
1.11
0.19
1.77
0.9
3
0.2
3.3
0.8
36.2
0.67
0.1
10.9
3.6
0.4

147.33

5.6

182.05

Lambda-cyhalothrin

3.239

12.05
2.24
1.43
29.21
1.46
46.44
101.72
29.51
12.3
18.8
138.51
228.8
34.8
82.55
18.8
60.42
174.61
20.25
0.5
30.1
25
10.4
19.9
22.9
20.9
66.2
17.7
0.6
12.1
6.2
2.5
12.9
54.15
49.7
6
0.87
102.51
46.5
38.32
21.65
7.7
102.51
161.2
101.29
83.07
81.71

1.48
3.2
4.06
52.47
7.28
3
20
0.25
12.8
8.4
4
3.2
8.3
24.6
2.9
5.1
8.9
177.82
16
39.7
1.5
1
7.54
13.8
20.35
0.0026
31.15
10.58
3.44
17.56
44.95
43.75
15.01
16.01
2.5
10.38
16.11
31.89
4

0.0172

0.56

0.56

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine)42.2%
2.5
2.5
2.5
Methomyl (S=methyl-N-[(methylcarbamoyl)0xy]thioacehmidate)
1.13
29%
2.5
2.5
Lambda-cyhalothrin 22.8%
0.27
8.6
4.6
chlorpyrifos:0-0 diethyl-0-(3.5.6-trichloro-2-pyridinyl)phosphorothioate
6.29
40.18%
6.7
4.2
Paraquat dichloride
43
63
63
166.28 Atrazine
146.33
166.28
166.28
Esfenvalerate
0.74
15.92
15.42
Paraquat dicloride
4
8
8
Methomyl
14.23
31.64
31.64
Chlorpyrifos
63.27
67.4
51.34
S-metolachlor
257.32 Atrazine
96.62 Mesotrione
25.73
137.78
137.78
S-Cyano Methyl
5.64
160.44
145.04
Chlorantraniliprole
1.68 Lambda-cyhalothrin 0.84
28.6
28.6
Lambda-cyhalothrin
4.93
178.42
166.72
Estenvalerate
0.3
5.8
5.8
Atrazine
24
12
12
Beta-cyﬂuthrin
0.3
15.5
15.5
Chlorpyrifos
4.2 Lambda-cyhalothrin
0.2
6.1
6.1
Chlorantraniliprole
0.9
14.3
10
S-metochlor
14.3
7.5
7.5
Paraquat dichloride
24.9
59.5
59.5
Alachlor
35.5
14.2
14.2
Chlorpyrifos
4.7
5
5
Permethrin
1.9
9.4
9.4
Atrazine
0.53
0.53
0.53
Beta-cyﬂuthrin
0.464
23.77
23.77
S-metolachlor
82.79
67.82
67.82
Paraquat dichloride
8.25
22
22
Zeta-cypermethrin
0.00944
0.5
0.5
Permethrin
9.461
63.07
63.07
Chlorantraniliprole
0.383
5.86
5.86
33.82 Teﬂuthrin
1.015
8.87
8.87
Alachlor
12.711
5.08
5.08
Chlorpyrifos
0.3544
0.5
0.5
Zeta-cypermethrin
0.175
6.99
6.13
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine)42.2%
3.52
3.5
3.5
Beta-cyﬂuthrin Cyano(4-ﬂuoro-3-phenoxyphenyl)methyl-3-(2,2-dichloro-ethenyl)-2,2-dimethyl-cyclopropanecarboxylate
0.088
4
12.70%4
Lambda-cyhalothrin 22.8%
0.125
4
4
Paraquat dichloride
12
19.76
19.76
Estenvalerate
0.2
3.7
3.7
Atrazine
5.8
2.9
2.9
Beta-cyﬂuthrin
0.3
13.1
13.1
Atrazine
14.7 S-metolachlor
11.4
11.7
11.7
Chlorpyrifos
11.2 Lambda-cyhalothrin
0.6
16.3
16.3
Chlorantraniliprole
1
15.1
13.4
S-metolachlor
22.4
11.7
11.7
2.5 Teﬂuthrin
0.1
10
10
Paraquat dichloride
2.2
5.5
5.5
Alachlor
25
10.1
10.1
Permethrin
0.4
1.9
1.9
Beta-cyﬂuthrin
1.53
77.72
77.72
Zeta-cypermethrin
1.064
56.58
56.58
Permethrin
10.784
71.15
71.15
S-metolachlor
58.255
46.9
46.9
Lambda-cyhalothrin

0.79

24.71

24.71

11.13 Teﬂuthrin
0.3339
2.92
2.92
Alachlor
7.32
2.92
2.92
Zeta-cypermethrin
0.416
16.51
14.62
122.33 Atrazine
107.65
122.33
122.33
Esfenvalerate
0.8712
18.84
17.84
Lambda-cyhalothrin
0.17 Chlorantraniliprole
0.34
5.3
5.3
S-Metolachlor
10
10.5
10.5
128.55 Teﬂuthrin
3.86
25.71
25.71
Methomyl
11.052
24.56
24.56
Chlorpyrifos
70.18
74.75
74.75
S-Metolachlor
105 Atrazine
39.43 Mesotrione
10.5
56.229
56.229
S-Cyano Methyl
2.33
65.93
64.93
Permethrin
0.06
0.4
0.2
Lambda-cyhalothrin
2.15 Chlorantraniliprole
4.3
73.3
73.3
Lambda-cyhalothrin
2.43
87.789
87.789
25.72 Atrazine
22.63
25.72
25.72
Esfenvalerate
1.31
28.09
28.09
Lambda-cyhalothrin
1.09 Chlorantraniliprole
2.18
33.42
33.42
Methomyl
31.94
71
71
Chlorpyrifos
42.66
45.44
45.44
S-Metolachlor
55.68 Atrazine
20.91 Mesotrione
5.57
29.81
29.81
S-Cyano Methyl
2.78
79.1
54.27
Lambda-cyhalothrin
3.12
112.89
112.89
Paraquat dichloride
92
125.1
125.1
Beta-cyﬂuthrin Cyano(4-ﬂuoro-3-phenoxyphenyl)methyl-3-(2,2-dichloro-ethenyl)-2,2-dimethyl-cyclopropanecarboxylate
0.088
4
12.70%4
chlorpyrifos:0-0 diethyl-0-(3.5.6-trichloro-2-pyridinyl)phosphorothioate
0.469
40.18%
4.5
2.5
S-Cyano (3-phenoxyphenyl)methyl(+-)cis/trans
0.059
3-(2,2-dichloroethenyl)-2,2 dimethylcyclopropane carboxylate 17.1%
1.25
1.25
Estenvalerate
0.3
6.9
6.9
Beta-cyﬂuthrin
0.04
1.9
1.9
Atrazine
158.7 S-metolachlor
122.9
102.4
102.4
Chlorpyrifos
9.1 Lambda-cyhalothrin
0.5
13.3
13.3
Chlorantraniliprole
1.7
25.5
17.2
S-metolachlor
281.9
147.6
147.6
3.6 Teﬂuthrin
0.1
1.2
1.2
Paraquat dichloride
4.5
8.9
8.9
Alachlor
100.8
40.4
40.4
Chlorpyrifos
10.7
11.4
11.4
Beta-cyﬂuthrin
0.485
24.81
24.81
S-metolachlor
65.475
51.84
51.84
Paraquat dichloride
1.555
3.11
3.11
Chlorpyrifos
30.63
43.5
43.5
Zeta-cypermethrin
1.49
79.69
57.39
Permethrin
9.267
61.79
61.79
Lambda-cyhalothrin

4.3

139.3

98.99

17.06 Teﬂuthrin
0.5118
4.48
4.48
Zeta-cypermethrin
0.0358
1.43
1.43
Alachlor
11.2
4.48
4.48
Beta-cyﬂuthrin Cyano(4-ﬂuoro-3-phenoxyphenyl)methyl-3-(2,2-dichloro-ethenyl)-2,2-dimethyl-cyclopropanecarboxylate
0.109
5
12.70%
2.5
Methomyl (S-methyl-N-[(methylcarbomoyl)oxy]
1.126
thioacehmidate) 29%
2.5
2.5
Bifrenthrin: (2 methyl[1,1'-biphenyl]-3-yl)
0.004
methyl 3-(2-chloro-3.3.3-triﬂuoro-1-propenyl)-2,2-dimethly-cyclopropanecarboxylate
0.1
0.125.0%
Lambda-cyhalothrin 1,2 22.8%
0.129
4.45
4.35
Paraquat dichloride
69
94.2
94.2
Estenvalerate
0.6
11.8
11.8
Atrazine
31.9
34.3
34.3
Beta-cyﬂuthrin
0.6
27
27
Chlorpyrifos
6.4 Lambda-cyhalothrin
0.3
9.4
9.4
Chlorantraniliprole
0.8
11.7
11.7
S-metolachlor
9.6
2.5
2.5
Paraquat dichloride
23.7
47.4
47.4
Lambda-cyhalothrin
1.4
43.4
43.4
Atrazine
0.78
0.78
0.78
Beta-cyﬂuthrin
1.57
80.35
80.35
S-metolachlor
26.9
15.34
15.34
Chlorpyrifos
19.432
27.6
27.6
Zeta-cypermethrin
0.31
16.5
16.5
Zeta-cypermethrin
1.1
53.6
49.25
Permethrin
0.87
5.8
5.8
Lambda-cyhalothrin

1.664

53.89

44.72

Chlorantraniliprole
0.459
7.034
6.283
49.7 Teﬂuthrin
1.491
13.04
13.04
Paraquat dichloride
1.907
5.084
5.084
Alachlor
32.6
13.04
13.04
9.72 Atrazine
8.55
9.72
9.72
Esfenvalerate
1.41
30.38
30.38
Lambda-cyhalorthrin
1.03 Chlorantraniliprole
2.05
31.46
31.46
S-Metolachlor
3.59
3
3
Methomyl
4.94
11
11
Chlorpyrifos
32.36
34.47
32.97
S-Metolachlor
83.76 Atrazine
31.45 Mesotrione
8.38
44.85
44.85
S-Cyano Methyl
1.65
46.72
42.02
Permethrin
0.45
3.02
3.02
Lambda-cyhalorthrin
1.58
56.85
56.85
32.44 Atrazine
28.55
32.44
32.44
Efsenvalerate
0.4
8.63
8.63
Lambda-cyhalothrin
1.09 Chlorantraniliprole
2.18
33.4
33.4
Methomyl
7.46
16.6
16.6
Chlorpyrifos
34.13
36.38
36.38
S-Metolachlor
85.28 Atrazine
32.02 Mesotrione
8.53
45.67
45.67
S-Cyano Methyl
1.7
48.24
41.18
Lambda-cyhalothrin
1.73
62.27
62.27
Paraquat dichloride
58
87
87
Estenvalerate
3.81
82.2
82.2
Beta-cyﬂuthrin
1.26
57.5
55
Chlorantraniliprole
8.04
123.3
121.5
Paraquat dichloride
1.03
3
3
Chlorpyrifos
61.08
79.1
79.1
Permethrin
4.92
28.6
28.6
Lambda-cyhalothrin
0.72
23.2
23.2
Chlorpyrifos
1.878
2.5
2.5
S-Cyano (3-phenoxyphenyl)methyl(+-) cis/trans
0.36
3-(2,2-dichloroethenyl)-2,2 dimethylcyclopropane carboxylate7.55
17.1%
4.95
Bifrenthrin: (2 methyl[1,1'-biphenyl]-3-yl)0.5
methyl 3-(2-chloro-3.3.3-triﬂuoro-1-propenyl)-2,2-dimethly-cyclopropanecarboxylate
0.1
0.125.0%
Lambda-cyhalothrin 1,2 22.8%
0.187
5.06
5.06
Chlorpyrifos
27.06
38.43
38.43
Zeta-cypermethrin
0.0146
0.78
0.78
Zeta-cypermethrin
0.99
49.37
49.37
Permethrin
5.76
38.43
38.43

1.15

2.084

Lambda-cyhalothrin

81.71

0.8

0.953
8.15

22.5
10
10
8
0
2.9
0.6
0.8
58.2
142.9
9.7
54.2
7.2
37.9
9.5
50.6
34.9
93.33
0.56
80.24
41.04
121.58

104.89

2.068

0.2748

216.4

Lambda-cyhalothrin

0.38

4.61
18.69
42.17
1.55
0.02
5.15
1.17

7.696

Esfenvalerate
0.0673
1.48
S-metolachlor
6.112
3.2
14.6 Teﬂuthrin
0.438
4.06
Paraquat dichloride
26.24
52.47
Alachlor
17.57
7.28
Atrazine (CAS No. 1912-24-9) 33.0%, Atrazine
3.1 related compounds 0.7%, S-metolachlor (CAS No. 87392-12-9) 26.1%
3
Paraquat dichloride(1,1-dimethyl-4,4-bipyridinium
7.5
dichloride) 30.1%
20
Lambda-cyhalothrin 22.8%
0.0078
0.25
Estenvalerate
0.6
12.8
Beta-cyﬂuthrin
0.3
13.8
Chlorpyrifos
2.7 Lambda-cyhalothrin
0.1
4
Chlorantraniliprole
0.3
4.3
S-metolachlor
20.6
10.8
Paraquat dichloride
8.5
24.6
Alachlor
7.3
2.9
Chlorpyrifos
4.8
5.1
Permethrin
1.8
8.9
Paraquat dichloride
151
177.82
16 Atrazine
14.11
16
Esfenvalerate
2.83
60.83
Mesotrione
0.56
1.5
S-metolachlor
1.2
1
37.7 Teﬂuthrin
1.13
7.54
Methomyl
6.23
13.8
Chlorpyrifos
19.11
20.35
0.013 Chlorpyrifos
0.002
0.0026
S-metolachlor
58.17 Atrazine
21.84 Mesotrione
5.82
31.15
Zeta-Cypermethrin
0.38
10.58
Permethrin
0.51
3.45
Lambda-cyhalothrin
0.52 Chlorantraniliprole
1.04
17.56
Lambda-cyhalothrin
1.25
44.95
S-metolachlor
65.227
43.75
57.2 Teﬂuthrin
1.716
15.01
Alachlor
40.02
16.01
Chlorpyrifos
1.173
2.5
Zeta-cypermethrin
0.502
20.07
Zeta-cypermethrin
0.403
16.11
Permethrin
5.427
35.68
Paraquat dichloride
2
4

0.008

1.12
2
5.93
16.85
103.34
3.76
2.01
2.37
0.4
6
0.3
1.7
0.6
1.9
12.4
8.9
1.3
0.6
0.133
0.464
10.84
4.125
0.0118
2.96
0.229

253.03

Beta-cyﬂuthrin Cyano(4-ﬂuoro-3-phenoxyphenyl)methyl-3-(-2,2-dimethyl-cyclopropanecarboxylate
1.7
12.70% 50.5
Methomyl (S-methly-N-[(methylcarbamoly)oxy]thioacehmidate)
4.51
29%
10
Chlorpyrifos:O,O-diethyl-O-(3,5,6-trichloro-2-pyridinyl)phosphorothioate
9.38
40.2%
10
Lambda-cyhalothrin 22.8%
0.27
8.25
0
0
Estenvalerate
0.1
2.9
Atrazine
1.2
0.6
Beta-cyﬂuthrin
0.02
0.8
Chlorpyrifos
35.8 Lambda-cyhalothrin
1.9
58.2
Chlorantraniliprole
8.2
146.5
S-metolachlor
19.1
9.7
Paraquat-dichloride
19.1
55.7
Alachlor
18
7.2
Methomyl
14.2
37.9
Chlorpyrifos
8.9
9.5
Permethrin
11
57
Lambda-cyhalothrin
0.9
34.9
Esfenvalerate
3.8
93.33
Atrazine
0.5
0.56
Methomyl
24.1
80.24
Chlorpyrifos
35.3
49.62
Zeta-cypermethrin
2.7
125.3

Chlorantraniliprole
0.8
12.05
S-metolachlor
4.3
2.24
4.71 Teﬂuthrin
0.14
1.43
Paraquat dichloride
14.6
29.21
Alachlor
3.6
1.46
Permethrin
7
46.44
101.72 Atrazine
89.51
101.72
Esfenvalerate
1.37
29.51
Mesotrione
4.44
16.3
S-metolachlor
22.46
18.8
Methomyl
62.33
138.51
Chlorpyrifos
218.84
233.1
S-metolachlor
64.99 Mesotrione
6.5 Atrazine
24.4
34.8
Zeta-Cypermethrin
2.97
84.55
Permethrin
2.82
18.8
Lambda-cyhalothrin
1.77 Chlorantraniliprole
3.55
60.42
Lambda-cyhalothrin
5.39
174.61
S-Cyano (3-phenoxyphenyl)methyl(+-)cis/trans
2.4
3-(2,2-dichloroethenyl)-2,2 dimethylcyclopropane carboxylate51.25
17.1%
Lambda-cyhalothrin 22.8%
0.02
0.5
Estenvalerate
1.4
30.1
Atrazine
50
25
Beta-cyﬂuthrin
0.2
10.4
Chlorpyrifos
13.6 Lambda-cyhalothrin
0.7
19.9
Chlorantraniliprole
1.8
24.1
S-metochlor
39.9
20.9
Paraquat dichloride
23.1
66.2
Alachlor
44.3
17.7
Methomyl
0.2
0.6
Chlorpyrifos
11.4
12.1
Permethrin
1.2
6.2
Lambda-cyhalothrin
0.06
2.5
12.9 Atrazine
11.38
12.9
Esfenvalerate
3.4
73.25
Beta-Cyﬂuthrin
0.97
49.7
Mesotrione
1.12
6
4.35 Teﬂuthrin
0.131
0.87
Methomyl
46.13
102.51
Chlorpyrifos
43.67
46.5
Zeta-Cypermethrin
1.35
38.32
Permethrin
3.23
21.65
Lambda-cyhalothrin
0.23 Chlorantraniliprole
0.45
7.7
Lambda-cyhalothrin
2.83
102.51
Paraquat dichloride
130.8
161.2
Chlorpyrifos
71.78
101.29
Zeta-cypermethrin
1.575
83.43
Permethrin
18.99
126.57

1.557

100-1295
Warrior II with Zeon Technology
Force 3G
100-1075-5481
Intrro
524-314
Mustang Maxx
279-3426
Aatrex Nine-O
100-585
Asana XL
352-515
Besiege
100-1402
Dual II Magnum
100-818
Force 3G
100-1075
Lannate LV
352-384
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Permethrin
34704-873
Voliam Xpress
100-1320
Warrior II
100-1295
Aatrex Nine-O
100-585
Asana XL
352-515
Besiege
100-1402
Lannate LV
352-384
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Warrior II
100-1295
Gramoxone SL 2.0
100-1431
Baythroid XL
264-840
Lorsban Advanced
62719-591
Mustang
279-3126
Asana XL
352-515
Baythroid XL
264-840
Bicep II Magnum
100-817
Cobalt Advenced
62719-615
Coragen
352-729
Dual II Magnum
100-818
Force 3G
100-1075
Gramoxone 2.0 SL
100-1431
Intrro
524-314
Lorsban Advanced
62719-591
Baythroid XL
264-840
Dual II Magnum
100-818
Gramoxone SL
100-1217
Lorsban Advanced
62719-591
Mustang Max
279-3249
Permethrin
34704-873

100-1295
Warrior II with Zeon Technology
Coragen
352-729
Force 3G
100-1075-5481
Gramoxone SL 2.0
100-1431
Intrro
524-314
Aatrex Nine-O
100-585
Asana XL
352-515
Besiege
100-1402
Dual II Magnum
100-818
Lannate LV
352-384
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Permethrin
34704-873
Warrior II
100-1295
Aatrex Nine-O
100-585
Asana XL
352-515
Besiege
100-1402
Lannate LV
352-384
Lorsban Advanced
62719-591
Lumax EZ
100-1442
Mustang
279-3126
Warrior II
100-1295
Gramoxone SL 2.0
100-1431
Asana XL
352-515
Baythroid XL
264-840
Coragen
352-729
Gramoxone 2.0 SL
100-1431
Lorsban Advanced
62719-591
Permethrin
34704-873
Warrior II
100-1295
Lorsban Advanced
62719-591
Mustang
279-3126
Sniper
34704-858
Warrior II w/zeon
100-1295
Lorsban Advanced
62719-591
Mustang Max
279-3249
Mustang Maxx
279-3426
Permethrin
34704-873

Lambda-cyhalothrin

0

Lambda-cyhalothrin

2.392

77.64

Paraquat dichloride
3.81
8.35
12.71 Teﬂuthrin
0.3813
3.33
Alachlor
8.336
3.33
5.7 Atrazine
5.016
5.7
Esfenvalerate
0.67
14.34
B-Cyﬂuthrin
0.02
1.25
Lambda-Cyhalothrin
1.58 Chlorantraniliprole
3.16
48.39
S-Metolachlor
3.74
3.12
Methomyl
6.94
15.4
Chlorpyrifos
63.16
67.26
S-Metolachlor
47.16 Atrazine
17.71 Mesotrione
4.72
25.25
S-CyanoMethyl
1.59
45.33
Permethrin
0.48
3.12
Lambda-Cyhalothrin
1.08
39.4
0
Estenvalerate
1.2
25.6
Chlorpyrifos
3.7 Lambda-cyhalothrin
0.2
5.4
Chlorantraniliprole
3.2
49
S-metolachlor
4
2.1
Paraquat dichloride
85.4
246.8
Chlorpyrifos
36.6
38.9
Permethrin
0.1
0.7
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine)
2.5
42.2%
2.5
S-Cyano (3-phenoxyphenyl)methyl(+-) cis/trans
0.25
3-(2,2-dichloroethenyl)-2,2 dimethylcyclopropane carboxylate 17.1%
5.3
Lambda-cyhalothrin 1,2 22.8%
0.043
1.35
Zeta-cypermethrin
0.0539
2.36
Paraquat dichloride
0.843
1.69
8.52 Teﬂuthrin
0.2556
2.06
S-metolachlor
5.973
3.13
Chlorantraniliprole
0.328
6.29
Zeta-cypermethrin
0.103
5.48
Lambda-cyhalothrin

0.0726

2.35

39.21
8.35
3.33
3.33
5.7
14.34
1.25
48.39
3.12
15.4
45.66
25.25
38.75
3.12
39.4
25.6
5.4
25
2.1
217.7
38.9
0.7
2.5
3.95
1.35
2.36
1.69
2.06
3.13
6.29
3.13
2.35

Permethrin
2.339
15.6
15.6
Paraquat dichloride
67
84
84
15.09 Atrazine
13.28
15.09
15.09
Esfenvalerate
0.00462
0.01
0.01
Lambda-Cyhalothrin
0.25 Chlorantraniliprole
0.49
7.5
7.5
Mesotrione
0.052
0.14
0.14
S-metolachlor
1.53
1.3
1.3
Methomyl
11.52
25.6
25.6
Chlorpyrifos
28.58
30.45
30.45
S-metolachlor
400.59 Atrazine
150.42 Mesotrione
40.06
214.5
214.5
S-Cyano Methyl
2.01
57.15
57.15
Permethrin
0.19
1.3
1.3
Lambda-Cyhalothrin
6.65
240.6
240.6
Beta-cyﬂuthrin
0.07
3.2
3.2
Chlorantraniliprole
0.05
0.7
0.7
S-metolachlor
455.54
238.5
238.5
Paraquat dichloride
158.68
445.1
422
Mesotrione
8.09 Atrazine
30.19 S-metolachlor
80.9
48.3
48.3
Permethrin
0.03
0.13
0.13
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine)
26.25
42.2%
26.25
26.25
Alachlor, 2-chloro-2',6'-diethyl-N-(methoxymethyl)acetanilide
49
45.1%
23
23
chlorpyrifos: O,O-diethyl-O-(3,5,6-trichloro-2-pyridinyl)phosphorothioate
28.163
40.2%
28
26.5
S-Cyano (3-phenoxyphenyl)methyl(+-) cis/trans
0.22
3-(2,2-dichloroethenyl)-2,2 dimethylcyclopropane carboxylate 17.1%
4.7
2.35
Bifenthrin: (2 methyl[1, 1'-biphenyl]-3-yl)
0.137
methyl 3-(2-chloro-3,3,3-triﬂuoro-1-propenyl)-2,2-dimethyl-cyclopropanecarboxylate
3.5
1.725.0%
Lambda-cyhalothrin 1,2 22.8%
0.094
3
3
S-metolachlor
37.318
19.54
19.54
75.73 Teﬂuthrin
2.272
23.18
23.18
Paraquat dichloride
0.862
1.72
1.72
Alachlor
19.187
7.67
7.67
Zeta-cypermethrin
0.2994
11.98
6.61
Permethrin
2.258
15.05
15.05
Beta-cyﬂuthrin
0.128
6.56
6.56
Lambda-cyhalothrin

0.07332

2.35

2.35

0

0
0
0
Estenvalerate
0.2
4.6
4.6
Atrazine
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69.9
69.9
Beta-cyﬂuthrin
2.12
96.9
84.9
Chlorpyrifos
9.44 Lambda-cyhalothrin 0.49
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13.8
Chlorantraniliprole
1.2
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16.1
S-metolachlor
284.42
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7.4
7.4
Mesotrione
5.93 Atrazine
22.13 S-metolachlor
59.3
35.4
35.4
Permethrin
5.28
26.4
26.4
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine)
35.2
42.2%
35.5
35.5
Beta-cyﬂuthrin Cyano(4-ﬂuoro-3-phenoxyphenyl)methyl-3-(2,2-dichloro-ethenyl)-2,2-dimethyl-cyclopropanecarboxylate
0.131
6
12.70%3
chlorpyrifos: O,O-diethyl-O-(3,5,6-trichloro-2-pyridinyl)phosphorothioate
15.02
40.2%
16
16
Methomyl (S-methyl-N-[(methylcarbamoyl)oxy]thioacehmidate)
1.8
29%
4
4
Lambda-cyhalothrin 1,2 22.8%
1.638
52.5
30
35.08 Atrazine
30.87
35.08
35.08
Lambda-Cyhalothrin
2.45 Chlorantraniliprole
4.9
75.1
75.1
Mesotrione
0.4
1.11
1.11
S-Metolachlor
2.37
2
2
Methomyl
28.8
64.05
64.05
Chlorpyrifos
71.83
76.5
76.5
S-Metolachlor
405 Atrazine
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40.5
216.86
216.86
S-Cyano Methyl
3.24
92.05
65.8
Permethrin
0.29
2
2
Lambda-Cyhalothrin
7.76
280.91
280.91
Chlorantraniliprole
1.34
20.54
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S-metolachlor
94.5
49.46
49.46
167 Teﬂuthrin
5.01
51.12
51.12
Permethrin
7.107
46.69
46.69
Zeta-cypermethrin
0.064
3.4
3.4
Zeta-cypermethrin
0.466
24.83
24.83
Lambda-cyhalothrin

0.5

16.12

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine)
9
42.2%
9
chlorpyrifos: O,O-diethyl-O-(3,5,6-trichloro-2-pyridinyl)phosphorothioate
44.61
40.2%
47.5
S-Cyano (3-phenoxyphenyl)methyl(+-) cis/trans
0.18
3-(2,2-dichloroethenyl)-2,2 dimethylcyclopropane carboxylate3.75
17.1%
Lambda-cyhalothrin 1,2 22.8%
1.29
41.5
0
0
113.12 Atrazine
99.55
113.12
Esfenvalerate
0.165
3.5
Lamdba-Cyhalothrin
1.18 Chlorantraniliprole
2.36
36.2
Mesotrione
0.48
2.5
S-Metolachlor
4.66
3.9
Methomyl
47.6
105.74
Chlorpyrifos
187.26
199.48
S-Metolachlor
74.72 Atrazine
28.06 Mesotrione
7.47
40.06
S-Cyano Methyl
6.32
179.78
Permethrin
4.32
28.81
Lamdba-Cyhalothrin
4.87
176.06
Beta-cyﬂuthrin
0.785
40.21
Chlorantraniliprole
4.125
63.24
Zeta-cypermethrin
0.984
47.91
Permethrin
2.985
19.9
Lambda-cyhalothrin

45.07

45.07

Estenvalerate
0.08
1.7
Atrazine
17.6
8.8
Chlorpyrifos
165.56 Lambda-cyhalothrin 8.53
241.9
Chlorantraniliprole
20.56
313.9
S-metolachlor
14.88
7.8
Paraquat-dichloride
46.8
131.15
Alachlor
15.25
6.1
Mesotrione
1.62 Atrazine
6.06 S-metachlor
16.25
9.7
Permethrin
29.02
145.1
Lambda-cyhalothrin
0.17
6.9
Esfenvalerate
3.91
84.25
B-Cyﬂuthrin
1.76
89.9
Lambda-Cyhalothrin
2.96 Chlorantraniliprole
5.93
90.82
S-Metolachlor
2.37
2
0.2 Teﬂuthrin
0.006
0.04
Chlorpyrifos
12.39
13.2
S-Cyano Methyl
0.98
79.19
Permethrin
4.19
27.9
Lambda-Cyhalothrin
0.08
3.01
Paraquat dichloride
7.2
11.5
Estenvalerate
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Atrazine
4
2
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0.7
30.1
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3.6
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0.77
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35
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-2-triazine)
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29.13
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Atrazine:(2-Chloro-4-ethylamino-6-isopropylamino-s-triazine
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42.6, Related compounds 0.9%
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0.5
Methomyl (S-methyl-N-[(methylcarbamoyl)oxy]thioacehmidate)
1.35
29%
3
2.5
chlorpyrifos: O,O-diethyl-O-(3,5,6-trichloro-2-pyridinyl)phosphorothioate
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0.8
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From: Jerry Formisano <formisja@gmail.com>
Subject: JFF Comment Submission
Date: April 7, 2016 at 11:00:58 PM HST
To: jﬀcomments@gmail.com
In answer to the request for public input to the JFF: To assess the
range of possibili9es for exposure to people near an
environmental chemical, recommend the following steps.
Download the freeware ALOHA from the EPA at the website:
hGps://www.epa.gov/cameo/aloha-soJware. Then when a
plume proﬁle is generated, go to the American Industrial Hygiene
Associa9on (AIHA) Exposure Assessment Strategies CommiGee
website and download the program IH Mod (also freeware) from
the following website: hGps://www.aiha.org/get-involved/
VolunteerGroups/Pages/Exposure-Assessment-StrategiesCommiGee.aspx. The numbers generated by ALOHA, can be used
with the IH Mod soJware using "Eddy Diﬀusion without Advec9on
Given a Constant Emission Rate". Use the number giving the
amount of chemical in the air from ALOHA (in milligrams per cubic
meter) as the contaminant quan9ty G entering the room, for this
par9cular mathema9cal model. (You can also just use the IH Mod
soJware to generate near- and mid-ﬁeld plume models, but
ALOHA is beGer.) Any measurements available from any area in
ques9on may be used. Last step: follow the direc9ons for
interpre9ng the level of risk associated with the level of chemicals
exposures found, as explained in the following reference:
HoneycuG, R.C., and Day, E.W. ed.: Worker Exposure to
Agrochemicals - Methods for Monitoring and Assessment. Lewis
Publishers, Boca Raton, FL (2001); p. 38 "Monte Carlo
SImula9on". I would be honored to assist you, and respect very
much the hard work done so far. Respeccully submiGed, Jerry A.
Formisano, Jr., PhD, CIH, CSP 808 384-3523 (hGps://
www.linkedin.com/in/jerry-formisano-jr-phd-cih-csp-26a541a)

-J.A. Formisano, Jr., PhD, CIH, CSP
President
GKO Environmental Health Services, LLC
P.O. Box 342050
Kailua, Hawai'i 96734-4330
(808) 384-3523

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Fw: pesticide study Rep Dee Morikawa
in particular
Date: April 6, 2016 at 3:17:52 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Peter Adler <jffcomments@gmail.com>
Date: Wed, Mar 16, 2016 at 7:47 AM
Subject: Fwd: Fw: pesticide study Rep Dee Morikawa in
particular
To: padleraccord@gmail.com

---------- Forwarded message ---------From: Rollin Frost <rollinfrost@yahoo.com>
Date: Sun, Mar 13, 2016 at 10:19 AM
Subject: Fw: pesticide study Rep Dee Morikawa in
particular
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>

----- Forwarded Message ----From: Rollin Frost <rollinfrost@yahoo.com>
To: "repmorikaw@capitol.hawaii.gov" <repmorikaw@capitol.hawaii.gov>
Sent: Sunday, March 13, 2016 10:15 AM
Subject: pesticide study

first, vog is harmless ammonium sulfate, some evidence says it's good for
asthma, the Health dept had no air pollution projects, feds would withdraw
funds so they manufactured this hazard. Zika is not a threat to Hawaii it's in
BRAZIL, (dengue has already burnt out.. no damage). This study is a joke, who
paid and how much ? I read it, a lot of info on nothing. No analytical data on
water, soil, or food , or mothers milk (remember Heptachlor ?) you should
demand the health dept. get a machine to test for organics, there is a large lab
and full time man that only does e-coli in Lihue at the health dept.....what a
waste of money, you should not speak out in favor of this con job, unless of
course you are a shill for the seed corps and cover-up do nothing health dept.
Shame on you ! MD's have no knowledge or training on chloro pollution. nor do
you or the PhD's you hiried. I have MS in environmental health. Credentials in
toxicology, and once was at your local health dept in charge of all pollution on
Kauai...I was treated like crap by entrenched non experts there.

9r

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:34:37 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: John Harter <jrharter2@aol.com>
Date: Thu, Mar 24, 2016 at 2:38 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
Sent from my iPad

From: Wayne Hashimoto <wkhashi@msn.com>
Subject: Comments on JFFG report
Date: April 7, 2016 at 9:26:07 AM HST
To: "jﬀcomments@gmail.com"
<jﬀcomments@gmail.com>
I read the en*re report and have found some glaring faults listed
below:
· A9empts to validate CFS speaker, Stephanie Seneﬀ, claims that
glyphosate causes obesity and au*sm using correla*on coeﬃcients.
Obesity is a result of inges*ng more calories than burning them
(Thermodynamics law). Although relaxed deﬁni*on of au*sm has
changed, she should not have made the statement 1 or 2 children
born by 2025 will be au*s*c.
· She also cited an incident where 5% solu*on of the same solu*on
caused harm to ﬂora and fauna in a stream in the state of
Washington. (Don’t have to be a rocket scien*st to know that dosage
will harm the environment.
· Carl Berg’s claim of the same material in honey only validates the
safety of it to bees; hence, not harmful to humans. Any reference to
that claim should be deleted because it was not relevant.
· GMOs do not equal pes*cides. The group was founded to
inves*gate the health risks of both GMOs and pes*cides. There is no
men*on of any study of GMOs.
· The group was not tasked to make recommenda*ons (demands).
By doing so it now recognizes that the county had no right to enact
bill# 2491. That right belongs under the state and federal jurisdic*on.
· The a9achment to the Department of Water’s le9er to Gary
Hooser show no valida*on of pes*cides in groundwater and wells in
areas where seed companies have their crops.
· Applica*on of pes*cides is done under supervision of cer*ﬁed
personnel (no men*on of that in the report).
· Finally, the makeup of the group was not balanced and reﬂects
the majority views and not factual.

8 April 2016
To:
Fm:
cc.

Mr. Peter Adler (padleraccord@gmail.com)
Don Heacock
Bruce Anderson, Carl Berg, Hector Valenzuela, Adam Asquith,
Louisa Wooton

Subject: Comments for The Joint Fact Finding Study Group Report
entitled: PESTICIDE USE BY LARGE AGRIBUSINESSES ON
KAUA’I: Findings and Recommendations
General Comments:
I have reviewed the report and the detailed comments of Dr. Hector
Valenzuela and concur with all of his excellent recommendations. In
addition to the peer-reviewed studies Dr. Valenzuela cites, it is important to
include the following:
1) U.S. EPA, Office of Pesticide Programs. 2002. What is a pesticide?
EPA states, “By their very nature, most pesticides create some risk of
harm to humans, animals and or the environment because they are
designed to kill or otherwise adversely affect living organisms.”
Therefore, pesticides are better termed “biocides” or “poisons”
because they kill or harm non-target organisms.
2) U.S. Dept. of Interior, Fish & Wildlife Service, Dept. of
Environmental Quality. 2001. Pesticides in Wildlife
[http://www.fws.gov/contaminants/Issues/Pesticides.cfu]. This report
documents that “studies throughout the US show that large rivers and
streams, 96% of all fish, 100% of all surface water samples, and 33%
of major groundwater aquifers contain one or more pesticides at
detectable levels. The widespread contamination of waterways with
pesticides is a serious threat to both public health and
environmental/biological integrity.”
3) GLASER, A. 2006. Threatened Waters: turning the tide on pesticide
contamination. Beyond Pesticides, 2/2006; this paper documents the
inadequate federal regulatory control of pesticides a between the
Federal Insecticide, Fungicide and Rodenticide Act (FIFRAct), which
does not cover herbicides, and the US Clean Water Act that has
limited regulatory control. This paper indicates that Federal regulation
of pesticides is inadequate, and that local county-level control is likely
the best strategy to protect the public health and the environment.
4) Nathan, F. 2012. The truth about the Safe Drinking Water Act. Off the
Grid. This article cites a number of sources that point out that both
federal and state determined water quality standards (i.e., permissible
levels of contaminates) are determined arbitrarily and capriciously
since no long-term studies on the chronic ingestion of, or exposure to,
low, sub-lethal levels of pollutants have ever been done.

since no long-term studies on the chronic ingestion of, or exposure to,
low, sub-lethal levels of pollutants have ever been done.
Specific Comments:
Future environmental monitoring of pesticides/biocides in air, water, and
soils must also include biomonitoring, the monitoring of pesticide residue
levels in the biota (via tissue analysis) to measure bioaccumulation. For
example, Jantunen et al. 2007, Bioaccumulation of atrazine and chlorpyrifos
to Lumbriculus variegatus from Lake sediments. Ecotoxicology and
Environmental Safety 71 (2008): 860-868, found that “chlorphyrifos, an
organophosphate insecticide, showed stronger bioaccumulation than
atrazine; the biota-sediment accumulation factors (BSAFs) were 6.9 to 99.0
for chlorpyrifos and 1.9 to 5.3 for atrazine.” Therefore, by just sampling or
monitoring environmental levels of pesticide residues, these residues may
occur at very low concentrations and be determined to be insignificant, but
through bioaccumulation they may actually be having significant negative
affects on the biota. Therefore biomonitoring is an essential component of a
comprehensive environmental monitoring program that should be in place in
Hawaii.
Furthermore, the U.S. EPA's National Exposure Research Laboratory
(NERL) is developing methods to reliably assess what biomonitoring data
tells us about levels of environmental exposure. NERL will enable consistent
linkages from biomonitoring data back to environmental concentration at
exposure (Pesticide Action Network and EPA websites, and PAN's video
document "Chemical Trespass" about analysis of chlorpyrifos exposure).
Similarly, in Odenkirchen and Eisler (1988) report no. 13:1-24, Chlorpyrifos
hazards to fish, wildlife and invertebrates: a synoptic review, they state "that
applications at recommended rates of 0.028 - 0.056 kg/surface ha for
mosquito control in aquatic ecosystems have produced mortality,
bioaccumulation and deleterious sublethal effects in aquatic plants,
zooplanton, insects, rotifers, crustaceans, waterfowl and fish."
In fact, the US Federal Endangered Species Act (ESA) , prohibits the
discharge of any man-made pollutant into any habitats inhabited by listed
endangered species. The waterways on the Westside of Kauai are inhabited
by Hawaiian endangered waterbirds (e.g., Koloa duck, Hawaiian Gallinule
or ‘Alae ula, and the Hawaiian Stilt or I’o. Because Surfrider Kauai has
documented at least three RUPs in surface waters (mainly irrigation drainage
ditches) it appears there may be on-going pesticide violations regarding the
ESA.
The regulation of agricultural practices in Hawaii appear to have a doublestandard; for example, if a sheep or cattle rancher’s animals stray from the
farm, the farmer is responsible for any damage they cause and must retrieve
them; but when RUP’s drift onto neighboring properties or into people’s
homes, no one appears responsible?
Because “science” is not limited to Kauai, or to the State of Hawaii, we
should use both our “soon to be collected” pesticide biomonitoring data and
the peer-reviewed global scientific data on the impacts of biocides on human
health and on the environment to guide Kauai/State of Hawaii the

should use both our “soon to be collected” pesticide biomonitoring data and
the peer-reviewed global scientific data on the impacts of biocides on human
health and on the environment to guide Kauai/State of Hawaii the
development and implementation of appropriate pesticide regulations; these
regulations must protect citizens rights to clean air, clean water and to
uncontaminated food, and protect the ecological and biological integrity of
our unique Hawaiian ecosystems, particularly aquatic ecosystems since
many RUP’s are extremely hazardous to fish and other aquatic biota.
Finally, since both members of the JFFSG that work for agrochemical
companies have a clear, and or a perceived, “Conflict of Interest” (COI is
well defined by the National Institute of Health), it is not important whether
they “sign off” on the final report/recommendation or not; in fact I would be
surprised if they did “sign off” on it, since Upton Sinclair once said, “you
cannot make a person understand something if their job depends on them not
understanding it.”
Mahalo Peter for this opportunity to provide comments that I hope will be
incorporated into the final report and recommendations.
Sincerely,
Donald E. Heacock
PO Box 1323, Lihue, HI 96766; cell: 808-645-0532
1

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:33:09 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Peter Adler <padleraccord@gmail.com>
Date: Thu, Mar 24, 2016 at 1:39 PM
Subject: Re: Comments on JFFG Report
To: Adam Asquith <adam_asquith@yahoo.com>, Kawika
Winter <kwinter@ntbg.org>, Lee Evslin
<levslin@gmail.com>, Gerado Rojas
<gerardorojasgarcia808@gmail.com>, Doug Wilmore
<wilmored002@hawaii.rr.com>, Sarah Styan
<sarahmnstyan@gmail.com>, Kathleen West-Hurd
<k.west.hurd@hawaiiantel.net>, Louisa Wooten
<louisawooton0@gmail.com>, Peter Adler
<padleraccord@gmail.com>, Ken Schmidt
<kschmidt@pixi.com>, Keith Mattson
<kmattsonllc@gmail.com>, Jimmy Fitzgerald
<jamespff@hawaii.edu>, Katie Ranney
<kranney@hawaii.edu>
Cc: jffcomments@gmail.com
Received today….
PETER S. ADLER, PhD
The ACCORD 3.0 Network
2471 Manoa Road
Honolulu, Hawaii 96822

808-888-0215 (Preferred)
808-683-2849
padleraccord@gmail.com
www.accord3.com

On Mar 24, 2016, at 1:37 PM, Joan Heller
<myoho@hawaii.rr.com> wrote:
Dear Mr. Adler and the JFFG,
I am wri6ng to express my strong support for the
recommenda6ons made by the JFFG aAer exhaus6vely reviewing
the available data. I hope that the report recommenda6ons will
not be weakened because of industry aDack. I also hope that the
language will be made more clear that important gaps exists in
the data so that it is not possible to conclude what, if any, health
impacts are linked with pes6cide use by agrochemical companies
on Kaua`i.
Thank you for your hard work.
Mrs. Joan Heller
POB 387
Lawai, 96765
(808) 332-8149

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on Kaua`i JFFG Report
Date: April 6, 2016 at 3:37:50 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Judie <judie@aloha.net>
Date: Thu, Mar 24, 2016 at 5:20 PM
Subject: Comments on Kaua`i JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
Sincerely,
Judie Hoeppner
808 639 0212

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comment
Date: April 6, 2016 at 3:18:16 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Merle Inouye <blackbird4aloha@hotmail.com>
Date: Fri, Mar 18, 2016 at 12:18 PM
Subject: Comment
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>
read through your very good and sensible report. thank you
for your dedicated work. Recommendations from the
report could very effectively contain language to have the
DOA/DOH collect pesticide usage data, and reports of
health impact on people from pesticides from hospitals,
private physicians.

April 8th, 2016
My concern that is not addressed in the JFF draft
To see that the Earth is alive is not difficult. From the tallest tree to the smallest blade of
grass the Earth abounds with living things. With aide of technology, we can see that
even the soil itself contains life called microorganisms which are bacterium, protozoa,
virus, and fungus. These microbes, it is now known, can help to create plant
nourishment and balance in the soil in a similar way as our human digestion process;
first we chew our food to make it smaller before it passes further down the
gastrointestinal system. Then enzymes (mostly produced by microbes), process our
food into valuable minerals and vitamins, making them small enough to pass into our
bloodstream. These same digestive processes occur in the root zone; with worms,
insects and micro invertebrates shredding and chewing food to make it available to the
micro-organisms, which in turn pass the nutrients through to the plant roots using acids
and enzymes. Without adequate biological support we take out this invaluable microbial
bridge, leaving plants vulnerable to pest and disease pressures; and most importantly
without this link the food that is produced is of much poorer quality.
People need to understand how to live within ecological balance on our island, how can
this happen on Kauai. How can we leave our next generations a balanced land to grow
food and live fully, free of complications left to them from past endeavors.
Everything has a Spirit, Everything. When each of us go to the Spirit World what then,
how do we reconcile what we have done to the land with chemicals. We have a
common destiny with our Earth. We all need to learn to plant in good soil. There is no
end to life from the biggest to the smallest.
Mark Jeffers
PO Box 1003 Hanapepe Kauai
Hawaii 96716
mtjeffers@hawaii.rr.com

From: Tiana Kamen <tiana.kamen@gmail.com>
Subject: JFF Comments
Date: April 8, 2016 at 9:12:56 PM HST
To: jﬀcomments@gmail.com
Aloha,
Thank you very much for the opportunity to review and
comment on the Joint Fact Finding Pesticides Report. The
document gives me hope that some day soon we will start
to mandate practices that will care for the land and the
people of Kaua'i better than we are today.
My comments:
1. The report fails to mention many of the reproductive
abnormalities found to be associated with pesticides. Some
of the research and findings are listed below. Infertility,
birth complications, child pathophysiology are speci5ically
scant in the report.

-The report is also has neglected information about
menstruation, infertility, miscarriage and the perinatal
period. Information needs to be collected directly from
those affected if data does not exist.
-The lack of data on birth defects is absurd. This needs to
be addressed. Families should be given the opportunity to
be surveyed.
-It should be recommended that all women and men
(especially those attempting to conceive) should be
provided with affordable access to pesticide/heavy metal
tests (including testing for dust in their homes).

-The report should mandate a study and funds to determine
the most effective ways to reduce internal toxins of those
with high levels of internal or household pesticides. People
tested with high amounts of toxins should be provided with
services to detoxify their bodies of these chemicals at the
cost of the pesticide applicator tax.

Table 1
Shown and/or expected pesticide associated diseases/
conditions 1-15
Fertility
• PCOS

Gestation

•

Endometriosis

•

Premature Ovarian Failure

•

Luteal Phase Defect

•

Secondary Infertility

•

Advanced Maternal Age

•

Long time to conceive

•

Pituitary/Hypothalamic Disorders

•

Prostate cancer

•

Organ system dysfunction

•

Preeclampsia

•

Thyroid disease

Table 1
Shown and/or expected pesticide associated diseases/
conditions 1-15
Fertility
• PCOS

Gestation

Postpartum/
Lactation

•

Endometriosis

•

Premature Ovarian Failure

•

Luteal Phase Defect

•

Secondary Infertility

•

Advanced Maternal Age

•

Long time to conceive

•

Pituitary/Hypothalamic Disorders

•

Prostate cancer

•

Organ system dysfunction

•

Preeclampsia

•

Thyroid disease

•

Hyperemesis Gravidarum

•

Miscarriage

•

Placental abruption

•

Preterm Labor

•

Pesticides past through breastmilk

Gestation

Postpartum/
Lactation

Infant/
Preschool Aged
Child

•

Organ system dysfunction

•

Preeclampsia

•

Thyroid disease

•

Hyperemesis Gravidarum

•

Miscarriage

•

Placental abruption

•

Preterm Labor

•

Pesticides past through breastmilk

•

Inability to lactate

•

Cleft palate in infant

•

Congenital diseases

•

Neurological conditions in infants

•

PKU

•

Birth defects

•

Autism

•

ADD/ADHD

•

Behavioral issues

•

Seizures

•

Learning disabilities

Infant/
Preschool Aged
Child

•

PKU

•

Birth defects

•

Autism

•

ADD/ADHD

•

Behavioral issues

•

Seizures

•

Learning disabilities

•

Lack of growth of child

•

Impaired cognitive abilities

• neurodevelopmental and behavioral
disorders (including developmental delay
and ADHD)
•

Cancer

•

Asthma

•

Endocrine disruption

2. Almost all of your health care data charts are incomplete.
It skews the information to make the public believe that
there are no negative health issues associated with

pesticides, when many other studies point to causation.
-It will be extremely difficult for Kaua'i to achieve
statistically significant data and causation for health
concerns and pesticides. There are many research studies
that imply causation of pesticides and health affects.These
need to be applied to Kaua'i to make more stringent
recommendations for pesticide restriction. While we wait
for direct causation studies, the community will continue to
suffer the health consequences. If we do need concrete
data, we need to start developing and administering a study
now! There should be multiple studies. One should be a
longitudinal cohort birth study.
3. There needs to be a recommendation for stricter
mandates for school pesticide use. Schools should be using
integrative pest management. Chemical pesticides and
herbicides should never be used. Washington DC is a good
example of a district that mandated integrative pest
management at schools.
4. Free pesticide/heavy metal testing should be available
island-wide (blood, urine, saliva, dust).
5. The Waimea school poisonings need to be emphasized
more in the report. Pesticide effects on children is a big
deal and their lives can be impacted forever by these
incidents.
6. Page 23, the rates per acre in comparing Kaua'i to mainland don't seem
right. These should be revisited.

7. It should be emphasized that recommendations in this report will be made!
There needs to be a section about accountability of implementing the
recommendations in a timely, effective and responsible manner.

Here are some additional peer reviewed resources to look
into:
Cited References
1. Melgarejo M, Mendiola J, Koch HM, Moñino-garcía M, Noguera-velasco
JA, Torres-cantero AM. Associations between urinary organophosphate
pesticide metabolite levels and reproductive parameters in men from an
infertility clinic. Environ Res. 2015;137:292-8.
2. Watkins DJ, Fortenberry GZ, Sánchez BN, et al. Urinary 3phenoxybenzoic acid (3-PBA) levels among pregnant women in Mexico City:
Distribution and relationships with child neurodevelopment. Environ Res.
2016;147:307-313.
3. Wong TW, Wong AH, Nelson EA, Qiu H, Ku SY. Levels of PCDDs, PCDFs,
and dioxin-like PCBs in human milk among Hong Kong mothers. Sci Total
Environ. 2013;463-464:1230-8.
4. Gallegos CE, Bartos M, Bras C, Gumilar F, Antonelli MC, Minetti A.
Exposure to a glyphosate-based herbicide during pregnancy and lactation
induces neurobehavioral alterations in rat offspring. Neurotoxicology.
2015;53:20-28.
5. Zhu Y, Huang B, Li QX, Wang J. Organochlorine pesticides in follicular
5luid of women undergoing assisted reproductive technologies from central
China. Environ Pollut. 2015;207:266-72.
6. Saxena MC, Seth TD, Mahajan PL. Organo chlorine pesticides in human
placenta and accompanying 5luid. Int J Environ Anal Chem. 1980;7(3):245-51.

7. Kadhel P, Monnier P, Boucoiran I, Chaillet N, Fraser WD.
Organochlorine pollutants and female fertility: a systematic review focusing
on in vitro fertilization studies. Reprod Sci. 2012;19(12):1246-59.
8. Butler-dawson J, Galvin K, Thorne PS, Rohlman DS. Organophosphorus
pesticide exposure and neurobehavioral performance in Latino children
living in an orchard community. Neurotoxicology. 2016;53:165-172.
9. Bruner-tran KL, Ding T, Yeoman KB, Archibong A, Arosh JA, Osteen KG.
Developmental exposure of mice to dioxin promotes transgenerational
testicular in5lammation and an increased risk of preterm birth in unexposed
mating partners. PLoS ONE. 2014;9(8):e105084.
10. Smarr MM, Grantz KL, Zhang C, et al. Persistent organic pollutants and
pregnancy complications. Sci Total Environ. 2016;551-552:285-291.
11. Winchester P, Proctor C, Ying J. County-level pesticide use and risk of
shortened gestation and preterm birth. Acta Paediatr. 2016;105(3):e107-15.
12. Ni LL, Shao T, Tao HH, et al. [Effect of parents' occupational and life
environment exposure during six months before pregnancy on executive
function of preschool children]. Zhonghua Yu Fang Yi Xue Za Zhi. 2016;50(2):
136-42.
13. Frienkel, S. Warning Signs: How Pesticides Harm the Young Brain. The
Nation. 2014. Available at: http://www.thenation.com/article/warning-signshow-pesticides-harm-young-brain/. Accessed March 16, 2016.
14. CERCH – Center for Environmental Research and Children's Health. »
Findings: CHAMACOS Health Outcomes. 2012. Available at: http://cerch.org/
research-programs/chamacos/chamacos-cohort-study/5indings-healthoutcomes-chamacos/. Accessed March 16, 2016.

15. Use these tips to detox after exposure to aerial or ground sprayed
pesticides. NaturalNews. Available at: http://www.naturalnews.com/
036902_aerial_spraying_chemical_exposure_detox.html. Accessed March 16,
2016.

Mahalo,
Tiana Kamen

-~Love the life you live... live the life you love <3

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on Kaua`i JFFG Report
Date: April 6, 2016 at 3:54:37 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Raj Kreisler <rajkreisler13@gmail.com>
Date: Sun, Mar 27, 2016 at 7:52 AM
Subject: Comments on Kaua`i JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work. Sincerely and with much
dedication, Scott Kreisler

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd:
Date: April 6, 2016 at 3:17:06 PM HST
To: Peter Adler <padleraccord@gmail.com>
First of 3 should you wish to keep in your
On Sat, Mar 12, 2016 at 5:20 PM, Haley La
<hkuntz@my.hpu.edu> wrote:
Aloha
So most Monsanto's chemicals literally tons, are placed in
Kauais most sacred pure water ?

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: JFF
Date: April 6, 2016 at 4:00:03 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: makotolane <makotolane@yahoo.com>
Date: Tue, Apr 5, 2016 at 8:53 AM
Subject: JFF
To: JFFcomments@gmail.com
I support disclosure, buffer zones and research to test the air, soil,
water and people. I support the recommendations the JFF made and
suggest strong implementation of the policies outlined.

Makoto Lane
(808) 631-1866

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:55:12 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Darlyne McLeod <darlynem@yahoo.com>
Date: Sun, Mar 27, 2016 at 9:37 PM
Subject: Comments on JFFG Report
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>

Dear Mr. Adler and the JFFG, I am writing to express my
strong support for the recommendations made by the JFFG
after exhaustively reviewing the available data. I hope that
the report recommendations will not be weakened because
of industry attack. I also hope that the language will be
made more clear that important gaps exists in the data so
that it is not possible to conclude what, if any, health
impacts are linked with pesticide use by agrochemical
companies on Kaua`i. Thank you for your hard work.
And yes, I live in Hawaii... on Kauai. Luckily, I do not live on
the West side (poor folks) but I DO plan to be working on
PMRF soon. So I'd like to know that someone is looking to
protect people and places near fields sprayed with heavy
pesticides... the kind I will soon be driving by... a lot. Again,
Thank you.

$PNNFOUTGSPN3VTTFMM.FTTJOHFNCFEEFEEJSFDUMZJOUP%SBGU3FQPSU

A.
B.
C.
D.
E.

w

http://health.hawaii.gov/brfss/files/2014/03/HBRFSS_2011results.pdf

http://www.bfr.bund.de/en/the_bfr_has_finalised_its_draft_report_for_the_re_evaluation_of_glyphosate188632.html, http://www.bfr.bund.de/cm/349/bfr-contribution-to-the-eu-approval-process-of-glyphosate-is-finalised.pdf,
and http://www.bfr.bund.de/cm/349/does-glyphosate-cause-cancer.pdf

www.efsa.europa.eu/sites/default/files/corporate_publications/files/efsaexplainsglyphosate151112en_1.pdf

http://www.desmoinesregister.com/story/money/agriculture/2015/11/25/epa-nixes-approval-enlist-duo-weedkiller/76386952/

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:55:55 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Laura Michele <blujadegirl@yahoo.com>
Date: Mon, Mar 28, 2016 at 8:53 PM
Subject: Comments on JFFG Report
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>

Dear Mr. Adler and the JFFG, I am writing to express my
strong support for the recommendations made by the JFFG
after exhaustively reviewing the available data. I hope that
the report recommendations will not be weakened because
of industry attack. I also hope that the language will be
made more clear that important gaps exists in the data so
that it is not possible to conclude what, if any, health
impacts are linked with pesticide use by agrochemical
companies on Kaua`i. Thank you for your hard work.
Aloha, Laura Michele, Lic. Ac. Health care worker and local
kauai resident, Registered voter

UNIVERSITY OF HAWAI‘I AT MĀNOA
John A. Burns School of Medicine
Department of Tropical Medicine, Medical Microbiology and Pharmacology

Dear JFF Group,














March 31, 2016

I have downloaded and read:
PESTICIDE USE BY LARGE AGRIBUSINESSES ON KAUA’I
Findings and Recommendations of The Joint Fact Finding Study Group
Thank you for this invitation to provide comments on the JFF group GM Crops and Pesticides report. As
professor (tenured, full) at the John A. Burns School of Medicine, University of Hawaii, an academic
public health professional, a Fellow of the American College of Epidemiology, and a member of our
Hawaiian community I have been engaged in environmental health issues here in the Islands and
elsewhere (please see attached CV), I was pleased to see the Draft report of the Joint Fact Finding Study
Group.
In brief, this is outstanding accomplishment of the JFF which has made a comprehensive assessment of all
available information and made their conclusions based on the scientific evidence and that is there are no
public or individual health effects to the Kauai community due to the commercial use and applications of
pesticides by large agribusinesses. I concur.
The study group was composed of a set of 8 component individuals that provided a clear and unbiased
assessment of pesticide use on Kaua’i and valid assessment of any possible health effects to the public and
agricultural employees.

Comments on Recommendations
Aside from addressing a single incident of occupational exposures to pesticides, which was a failure in
following established procedures, some of the recommendations made are not entirely consistent or follow
logically with the findings; given the lack of any documented negative health impacts. Moreover, the
recommendations given are not without impact in terms of cost, resources, expertise, and interpretation.
On the face of it, it would seem that the recommendations made where for yet unforeseen or yet to be
established events.
I have limited my comments specifically to the following:
7. Require mandatory medical checks p. 99
The Rationale for this recommendation is confusing. “Pesticides migrating off of their target site has been
documented”. This is not a rationale for medical monitoring of agricultural workers. In addition,
applicators and field workers are not necessarily the most at risk of exposure. This would depend on many
factors.
The rationale seems to be directed at controlling pesticide exposure among agricultural workers with is
merited. To that end, the recommended testing of blood or urine specimens on those licensed operators /
field workers will be almost always negative and a waste of resources especially, if workers are diligent.
And the resources to test for very low concentrations of significant number of very different chemical
pesticides in the urine or blood is huge in terms of the instrumentation needed and level of operator
training and certification needed.
It would be more cost effective to monitor and test all those who handle and apply pesticides for
knowledge, skill, practice and mandated documentation. When a worker tests positive for exposure it is
too late.
I would suggest that the Pesticide Applicator Certification/Recertification Program is confirmed to be

knowledge, skill, practice and mandated documentation. When a worker tests positive for exposure it is
too late.
I would suggest that the Pesticide Applicator Certification/Recertification Program is confirmed to be
strong and that the program be monitored.

E. The Honorable Virginia Pressler, M.D., – Director, Department of Health
1. Initiate a Systematic Surface Water Monitoring Program.
2. Initiate Air, Soil, and Dust Sampling Programs

Recommended in the report as “continuous and routine programs for environmental monitoring”, the
objectives are not sufficiently clear nor the finding of the report such to justify the costs of testing
potentially thousands of environmental specimens from water, soil, and air. Such programs are a costly
waste of resources.
What is important is compliance with application methods, rules, and regulations.
3. Update Critical Health Surveillance Data.
These recommendations were clearly made without professional epidemiological consultation and are
typical of many other communities in the US and elsewhere in the world who have tried to link various
health outcomes to some geographic marker as a proxy for some kind of potential environmental hazard.
There is an abundance of literature on this subject. An example of a local study is by Kirkham (1987)[1].
First the Hawaii Tumor Registry is without equal in the US and is updated continually.
Linking health outcomes (cancer/BD) to zip codes is not recommended for two reasons. One is statistical.
There will not be enough events per zip code to reach “statistical significance”, especially in Kauai. In
spite of this, there seems to be an irrational obsession with using zip codes for various useless data mining
endeavors.
Even if statistical significance could be achieved, zip codes are not exposures. They are zip codes.
Exposure to environmental hazards – in this case pesticides - has to be demonstrated and linked directly
and quantitatively to an individual or individuals.
Linking cancer, birth defects or other health outcomes geographically is called by epidemiologists
“ecologic study designs”. Inferring the results from ecologic studies, i.e. from groups (zip codes for
example) to individuals is termed an “ecological fallacy” and is by definition, flawed. Investigation of
birth defects is in the arena of research that should be separately funded though peer reviewed funding
sources such as NIH.
The Hawaii State Department of Health should not be bound by this recommendation.
The Department of Health has an excellent Hazard Evaluation Program and Director of Health. They
routinely update their knowledge on published research for any new health risk factors for exposures to a
wide variety of environmental agents including pesticides. Due to budget cuts there is not an
environmental health epidemiologist in the Department of Health. A crucial state function is to have in
house expertise to assess and evaluate health impacts from environmental sources, including pesticides.
Adding this capacity to Hazard Evaluation and Emergency Response office will strengthen the ability of
the state to address public health concerns from potential pesticide exposures. I hope that JFF will
consider these suggestions and recommendations.
Sincerely,
F. DeWolfe Miller
Professor of Epidemiology
JABSOM, University of Hawaii

1. Kirkham J (1987) A retrospec8ve examina8on of DOH data to determine health eﬀects of possible
exposure to smoke from cane burning. Hawaii State Department of Health: R & S Report Issue No. 57.

1. Kirkham J (1987) A retrospec8ve examina8on of DOH data to determine health eﬀects of possible
exposure to smoke from cane burning. Hawaii State Department of Health: R & S Report Issue No. 57.
ISSN:0093-3481.
651 Ilalo Street, Biosciences Building, Third Floor, Honolulu, Hawai‘i 96813
Telephone: (808) 692-1600, Fax: (808) 692-1979
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From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:35:25 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Myrica Morningstar <myricabliss@gmail.com>
Date: Thu, Mar 24, 2016 at 3:46 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. This is a vital issue for our
fragile islands. In the coming years there will be more and
more evidence for how harmful these chemicals are for the
health of the land, water, air and people. Please heed the
recommendations!
I hope that the report recommendations will not be
weakened because of industry attack. We cannot
compromise long term health of the environment or people
just for a profit in the short run.
Thank you for your serious consideration of this matter.
Myrica

From: Ryan Oyama <royamahi@gmail.com>
Subject: JFFG Draft - Comments on Seed Company
Agricultural Footprint
Date: April 8, 2016 at 4:47:35 PM HST
To: jﬀcomments@gmail.com
Members of the Joint Fact Finding Group,
Below, please find my comments on Chapter II - Seed
Company Agricultural Footprint.
Thank you for the opportunity to submit feedback.
Aloha,
Ryan Oyama
Kalaheo, Hawaii
============================
Page 8 — Environmental Impacts
“However, considering the clear legal warnings on pesticide labels, the Study Group
finds…Hawai’i’s political, regulatory, and community leaders need to be far more
attentive to pesticide issues”. This quote ignores that fact that those very same
regulatory leaders are the ones who helped write those labels.
“Sampling efforts detected levels of two RUPs…”
Given that air and water sampling have been conducted, this statement should clarify
that the benchmarks were for aquatic life, which is an important factual detail given
that the mission of this commission was to address human health and environmental
impact. The placement here implies that the levels exceeded EPA tolerance levels for
health. It also ignores the fact that Chlorpyrifos has been and continues to be
available as a general use pesticide in certain instances.
The last paragraph is a misleading and incomplete summary. In the report itself,
there is mention of a recent study by State of Hawaii that did NOT find pesticide
residue in the pollen sample from Kauai. Indeed, for Hawaii as a whole, “most
samples contained no residue, and of the 5 residues detected, two are registered
Varroa treatments, and levels were far below US averages”(1). This fact should be
included in the summary here. Furthermore, ignoring the state report while citing a
Garden Island article about a high school science project violates the standard of
evidence laid out at the beginning. The use of the modifier “Thus far” to begin the

last sentence is improper. It suggests that you know that this will happen (i.e. data
will be found to link pesticides to problems with insectivores). All you know is that
there is no data available.
1.

http://hdoa.hawaii.gov/pi/files/2016/01/Fall_2013-newsletter.pdf

Page 8
There are problems with the citations used for footnote “4”:
1. The citations are popular press articles, not primary literature nor “metadata”.
2. The citations are not relevant.
The first citation (ecowatch.com) refers to nineteen countries in the European Union
which have chosen to exclude crops containing genetically engineered traits from
cultivation in all or part of their jurisdiction. In doing so, they are making use of a
new EU law — Directive (EU) 2015/412 — that took effect in 2015 (1), which redefines
the roles of the EU and individual member states over the permitting of “GMO crops”
for food and feed, and for cultivation. The directive, however, expressly requires EU
member states to justify a decision to prohibit cultivation “…on the basis of
compelling reasons other than the risk to human or animal health and the
environment” (2). The system of EU authorization based on risk assessment —
administered by EFSA — remains in place and that system has found “GMO crops” to be
safe as evidenced by the list of approved biotech events (3). Thus, use of the citation
in the discussion of the precautionary principle is improper given that individual states
must justify their prohibitions on non-scientific grounds such as cultural or social
considerations.
The second citation is also a popular press article about the decision by Russia to
prohibit the cultivation of crops containing genetically engineered traits. Whether the
regulatory and political decisions of the Russian government are worth emulating is
beyond the scope of this comment.
Primary literature contradicting the claims made in footnote 4:
1. http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:
32015L0412&from=EN
2. http://ec.europa.eu/food/plant/docs/
plant_gmo_authorisation_communication_en.pdf
3. http://ec.europa.eu/food/dyna/gm_register/index_en.cfm
Page 9
It is a logical fallacy to begin this section with the word “Because”, and this has
nothing to do with grammar. You can say that no link was found between pesticide
use by seed companies and adverse health on Kauai. You can add a caveat that “due
to the small sample size and incomplete data there may be an undetected
correlation”. However, you cannot say that you failed to detect a correlation because
of that situation. There are other explanations that you have failed to exclude.
This summary misrepresents the findings of the section reported in chapters V and IX.
The report failed to find significantly elevated levels of health problems associated
with pesticide exposure even though it was able to show “higher numbers and rates
for other health conditions on the Westside that are not generally associate with

pesticide exposure”. The summary completely ignores the caveats such as adjusting
for socio-economic factors that were covered in chapters V and IX. Without this, the
discussion of pesticides is speculation about a problem that may not exist. It is not a
summary of the facts.
Page 9-10
One could argue that Hawaii has also chosen to be stricter given that it places some
pesticides under Restricted Use category that are not classified as RUPs by the EPA.

Page 17
The first sentence is non-sensical. While I understand how “knowing exactly where
seed crop production is occurring is critical” for preparing the report, I do not
understand what is meant by “the geography….drives their use of pesticides”.
Pesticides are used to control pests.
Page 18
You need to clarify that approximately 40% of the island is ZONED Agriculture, not
“used for agricultural purposes”. The State Agricultural Land Use Baseline study
makes clear that not all land zoned Agricultural is used for agriculture.
Page 21 - The Geography of Pesticide Application
The end of the first paragraph says “Issues of data access restriction have been
resolved between agricultural companies and state regulators elsewhere”. This leaves
the impression that state regulators in Hawaii do not have access to the data they
need. This is incorrect. That information must be made available to HDOA inspectors.
Page 27
If the question is about TOTAL pesticide exposure risk, then all Active Ingredients (AIs)
should be included. In general, there are more products available on the mainland
since not all products are registered and/or used in Hawaii. Limiting the analysis to
just the AIs used by the seed companies will bias the analysis toward a higher rate in
Hawaii. Alternatively, you could make clear that you are not looking at or comparing
“pesticide use” but rather only certain Active Ingredients.
Page 46
The State Stream Study found that the streams in Hawaii with the most pesticide load
are in urban Honolulu. That should be included to put the Kauai data in context.
Page 48
Instead of providing all of the data collected by the Air Monitoring study, you give a
1.5 page summary. Is this the Joint Fact Finding Group or the Joint Fact Omitting
Group?
Page 49
You list “likely causes” for the detections. What criteria were used to make those
determinations?
Chapter V - Health Impacts

This whole section is poorly organized and should be re-written. In addition, you make
statements about significance, or lack thereof, but do not explain how you arrived at
those conclusions. A clear description of methods is needed. Finally, you fail to
sufficiently deal with the complexities inherent in a human population, such as socioeconomic factors, that may be influencing the health data.
Page 51 and 57
The report makes a vague statement that the HDOH data has “been challenged by
local physicians”. How many? What are their specialities? What is the basis for their
challenge? Have they submitted this in writing? If so, to whom? HDOH or just JFFG?
Page 51
You write “…Westside communities in particular have small populations making it
difficult to achieve the statistical significance that would come from the larger
sample numbers needed to assess potential causality”. This is incorrect and
misleading. What I assume you are trying to say is that small effects are more difficult
to detect in small populations, which is true. You cannot say, however, that a larger
population would give you significance. In fact, a larger population may continue to
show no significant deviation. You do not know. This sentence seems intended to
convey the message: there is an effect, we just haven’t been able to prove it. You
might sincerely believe that to be true, but that does not mean that it is. This is
supposed to be about facts, not your beliefs.
Page 71
For a commission tasked with reviewing pesticide use and regulation, I am taken aback
by how cursorily you summarize the legal structure underpinning the system, the
registration process, and the science underlying the decision making. Instead of facts,
we are subjected to hand-waving statements such as “Some argue…”, “EPA’s
allowable levels may be higher….” — they may also be lower — or “Critics argue…”. A
factual report demands more details.

Page 81
CalEPA is required to list compounds listed by IARC. It did not independently study
glyphosate. Furthermore, you have conflated the hazard assessment done by IARC
with a risk assessment.
Page 83 — Status of the debate
The discussion plays up the supposed uncertainty surrounding glyphosate and draws a
false equivalence between the agencies that have reviewed glyphosate — EPA,
Bundesinstitut für Risikobewertung (Federal Institute for Risk Assessment, Germany),
EFSA, Health Canada, Joint WHO/FAO Meeting on Pesticide Residues, etc. — and the
few critics who are, like climate change deniers, not representative of the scientific
consensus, which finds glyphosate to pose little risk to human health. In fact, calling
it “scientifically poorly documented and apparently supported with few studies” (1),
the BfR was highly critical of the IARC decision and report on glyphosate, pointing out
that it ignored studies that failed to support the classification.
1.
2.

Mitteilung Nr. 003/2016 des BfR vom 14 Januar 2016
JMPR No. (158). http://www.fao.org/fileadmin/templates/agphome/

documents/Pests_Pesticides/JMPR/Report11/Glyphosate.pdf
Page 87
Since Enlist Duo™ is not labeled for use in Hawaii, this section has no place in the
report.
Page 90
The discussion of pesticides and bee colonies is not congruent with the facts reported
on page 49 that bee colonies on Kauai are generally in good health. In fact, according
to the website of the HDOA Apiary program, Hawaii bee colonies are the healthiest
and most productive in the US. Here, you cite a non-peer reviewed, high-school
science project but fail to mention the results from the testing done by the HDOA
Apiary program. You need to deal with all the facts, not just those supporting your
beliefs.
This paragraph on bees ends with a sentence about the lack of data showing harm that
begins “Thus far…”, suggesting that you are clairvoyant and can foresee data being
found that supports what you believe to be true. This is supposed to be about facts,
not your beliefs.
Page 92
The former EPA toxicologist to whom you refer is, I am assuming, J. Milton Clark,
who’s commentary is included in Appendix 2, pages 105 - 108. You give his opinion
prominence in this conclusion but I could not find anything in his commentary
regarding the incident at Waimea Canyon Middle School. Is this conclusion based on
his oral testimony? If so, it is very difficult to critically assess his analysis or
reasoning. Furthermore, you fail to mention the Air Monitoring study done under the
auspices of the HDOA and County of Kauai. That study is publicly available and
covered in the report so why not here? In effect, you are giving more credence to a
verbal statement of one person— and one that cannot be scrutinized since it is not in
the report — over the official investigation by HDOH, HDOA, and a study led by a UH
Professor of Environmental Chemistry. That violates any standard of evidence.

Intro: All comments with proposed factual changes received by
the end of the comment period will be compiled as received
and made available publically and to the funders of this process
after the :inal report has been submitted. You will publish all
comments? I need to weigh the comment by the :inancial
con:lict of interest and scienti:ic credibility of the author. This
should be given alongside the comment itself? How will you
keep personal attacks form occurring if names are given? Technically all parties involved in the lawsuits should not be
making comments until the suit/hearings are settled. If names
are given then how will this keep from turning into personal
attacks as some of your bloggers (interviewees) have already
done to me? In a scienti:ic setting the comments which the
editor deems valid are :irst passed to original author for
rebuttal so that the comment and response are published
together. I simply do not have time for a back and forth
exchange in the media, though this appears to be Corporate
Ag’s MO.
Seed companies and Kauaʻi Coffee applied 23 different
Restricted Use Pesticide (RUP) products containing 16
different active ingredients between December 2013 and July
2015. From our class action lawsuit for West Kauai citizens our
toxicologist reported about 85 chemicals, many added to the
formulation of the base active ingredient to enhance “cidal’
effects of pesticides. These certainly are active ingredients
especially when considering unintended harm to health and
environment. For just one set of combinations Dr Seralini
showed the synergistic effect of these enhancer to glyphosate
in Round-up Formulation. Later in your document you say that
everyone on the committee agreed that the enhancers of
glyphosate in the Round-up formulation can/does potentiate
toxicity.
Each!RUP!has!its!own!speci:ic!application!directions!and!prec
autions,!which!makes!aggregate!
numbers!of!multiple!pesticides!a!poor!measure!of!potential!i
mpacts.

autions,!which!makes!aggregate!
numbers!of!multiple!pesticides!a!poor!measure!of!potential!i
mpacts.
I think should read: since multiple aggregate chemicals are
used guidance on application, use and directions of individual
chemicals may be a poor measure of toxic impacts.
Chapter&VI& Regulation&and&Oversight&
EPA sets legal standards…..States can be stricter….this is not a
true pre-emption rule. It is one way where local precaution
trumps central authority. So why are we arguing which levels
of government pre-empt others for health precaution issues? It
seems to me that no one understands or tries to understand
the science and procedure is an easier topic.
There is no statistically signi:icant evidence that shows
causality between seed company pesticide use and harms to
Kauaʻi’s :lora and fauna. If one uses this kind of language
implicit of a high level of science then this statement implicitly
implies decent studies were done – these kind of statements
should be followed by con:idence intervals. For example; No
harm was shown of a 20 subjects i.e. 0% (95% CI 0-17%). Bad
studies lead to huge con:idence intervals statistically (small
and un-interpretable studies) as well as adding on larger
uncertainties for design shortcomings (sensitivity analysis).
The statement is dual in nature, slightly misleading – was there
very strong association but no one could show causality
because of confounding effects. Say the school illnesses was
very statistically signi:icant (association) but the question of
confounding stinkweed was never settled so the whole event is
“dismissed”? My Ref on misuse of these kinds of phrases.
: http://scienmag.com/american-statistical-associationreleases-statement-on-statistical-signi:icance-and-p-values/by
American Statistical Society
In the build up of the case to show causality there are :ive or six
major criteria, say for example that strength of association is
but one. If we have one or two of the criteria we should place a
moratorium on further marketing until the studies are
completed. It is dangerous to demand all criteria of causality

moratorium on further marketing until the studies are
completed. It is dangerous to demand all criteria of causality
before a product is stopped. Especially of the suspected
toxicity is irreversible (cancer, birth defects, etc, etc). Do we
not now take a precautionary position for travel of pregnant
women to Zika areas? We do not have all of the criteria for
causality (for one missing speci:icity of microcephaly
condition).

levels below EPA action standards – The EPA rep at the West
Kauai meeting and before Maui County Council says these
limits are set on individual compounds. Often not even the
combination of the formulation but only on the active
ingredients (and it was shown the synergistic killing effect of
glyphosate and 24D). This is “misleading” to imply that EPA
considers combination effects here, therefore looking out for us
when trillions of other combinations are used.
Thus far, no data relating pesticide use to problems with
insectivores such as birds and bats have been found.
Again are these good studies or nothing seen with bad studies
(con:idence intervals on 0 harm).

****Because of the small populations involved and the lack of

fully reliable and accurate health data, the information we
assembled does not show that current pesticide use by seed
companies and Kauaʻi Coffee plays a role in adverse health on
Kauaʻi. To make less misleading should say. Because of the
small populations involved and the lack of fully reliable and
accurate health data, the information we assembled could not
have shown (even if effects existed) that current pesticide use
by seed companies and Kauaʻi Coffee plays a role in adverse
health on Kauaʻi. This is more than my opinion unless you
want to include the uncertainty levels covered in the above
paragraphs. This kind of statement is contradictory and would
raise eyebrows at WHO and US Congress, whom I used to teach
and currently advise.

and currently advise.

2. Initiate Air, Soil, and Dust Sampling Programs.
Within six months, design, secure funding for, and implement a
systematic pilot program that tests Westside air, soils and dusts
for pesticides in areas adjacent to seed company operations
and other bellwether sites, with the intent of becoming longterm monitoring programs. Use this data to also inform future
buffer zone policy decisions. For comparison purposes, select a
control area either on Kauaʻi or a neighbor island. Any further
programs should be based on the results of the pilot.
Rationale: Similar to the water recommendation above, evidence
of pesticide migration exists but the presence of RUPs has not
been thoroughly and systematically tested, especially in
communities that border the operations of seed companies and
other larger RUP users.
The intent is to map exposure by chemical marker(s) then use
this for buffer zones, health studies by zip codes, etc.
It is quite likely that the drift risks may not correlate well with
Zip Codes geographically. The air plumes might be very large
and/or transect multiple zip codes. This latter effect can be
resolved by geographic population maps (Population
Explorer). That health effects may be the more subtle
(sensitive) marker than detectable chemical levels (note our
published cane smoke study without resorting to test of any
chemical marker in smoke) – this is especially true when
dealing with chemical combinations – a health effect may be

published cane smoke study without resorting to test of any
chemical marker in smoke) – this is especially true when
dealing with chemical combinations – a health effect may be
related to chemical mixtures whereas the speci:ic mixture may
never be tested for or interpreted correctly. Furthermore
measuring high levels of single chemicals in areas of no health
risks may erroneously be used as evidence to exonerate a
single chemical risk when in fact it is dangerous at much lower
levels in COMBINATION. By my straight forward tally there are
a trillion X trillion new combinations to consider when dealing
with the 85 chemcials used in West Kauai. Not all are
dangerously synergistic or even occur at all. But if only one of a
trillion :its this bill there is a horrible risk of novel dangers.
How can we compare epidemiologic human data to the typical
reference animal safety models of say birth defects? See meta
analysis of sensitivity of standard animal studies for birth
defects only about 50%. You are missing half the effects and
with a trillion to threats you are really missing the boat without
population epi studies. Set them up, fund them and do them –
independently.

Five!of!these!conditions!with!possible!pesticide!associations!...
None!of!these!show!a!causal!relationship. Association is but
one of several criteria is show “cause” . Are none of the other
criteria ful:illed (say temporal sequence of use). Also true
cause from a combination be discounted by negative
assessment (association) of the single chemical. This is what is
observed in lab studies by Dr Seralini regarding toxicity of
glyphosate versus the entire formulation of Round-up.

. These!
include!legacy!pesticides!from!previous!agricultural!eras!
that!persist!in!the!environment,!
pesticides!applied!by!a!wide!range!of!nonDagricultural!u
sers,!and!chemicals!from!other!sources!
such!as!pharmaceuticals,!plastics,!and!cosmetics,.!The!po
tential!impacts!of!chemicals!in!the!
environment!must!also!be!distinguished!from!other!soci
oDeconomic!and!morbidity!factors!that!

environment!must!also!be!distinguished!from!other!soci
oDeconomic!and!morbidity!factors!that!
effect!health!including!smoking,!alcohol!consumption,!dr
ug!use,!and!disparities!in!access!to!health! care.!!.....
Older!and!longerDlived!legacy!pesticides!from!previous!a
gricultural!eras!that!are!still!
persistent!in!the!environment;!
. Chemicals!from!other!sources!such!as!pharmaceuticals,!p
lastics,!and!cosmetics.!!
. Pesticides!from!other!sources!including!those!used!by!st
ructural!fumigators,!hotels,!golf!
courses,!government!agencies!that!apply!pesticides!on!ro
ads!and!in!parks,!and!the!
pesticides!used!in!homes!and!gardens.!
and
Since we really don’t know anything about trillion X trillion potential combinations, the
precautionary principle tells me that when lower numbers of chemicals, Say 15 (having
30,000 potential new combinations) are used the higher priority targets the larger
amounts and kinds of users. This is scientific and reasonable. Especially when he
chemicals are chosen to enhance killing effects, pesticides. At least for glypohosate vs
its formulation everyone on the committee agrees
‘All!bodies!did!agree!that!there!was!increased!toxicity!from!th

e!ingredients!added!to! glyphosate,!when!it!is!used.!
But the key point is that we release for use then discover
synergistic effects afterwards, and talk about restricting. This
is not the precautionary principle. IN fact the industry says the
principle is outdated and want to move to risk
assessment….which is really the precautionary principle as I
have taught and practiced it. Beyond the terminology
Corporate Ag now admits to weighing the probable bene:its to
Ag against the unknown effects (Combinations) of harm.

The!JFF!Study!Group!tracked!a!number!of!emerging!scienti:ic!
discoveries!and!regulatory!actions!
regarding!the!herbicide!glyphosate,!the!insecticide!chlorpyrifo
s,!and!Enlist!Duo,!an!herbicide!that!
combines!glyphosate!with!2,4DD,!two!common!GUPs!that!are!
used!on!Kauaʻi!individually.!
Glyphosate!has!been!declared!a!probable!carcinogen!by!the!In

used!on!Kauaʻi!individually.!
Glyphosate!has!been!declared!a!probable!carcinogen!by!the!In
ternational!Agency!for!Research!on!
Cancer,!though!this!:inding!is!being!contested.!!Chlorpyrifos!is
!in!the!process!of!being!further!
restricted.!Enlist!Duo!is!under!legal!review!by!the!EPA.!!All!thr
ee!are!under!intense!scienti:ic!and! regulatory!scrutiny.!!

******This is supposed to reassure us that the regulator in

posi2ons of higher authority are doing their job. BUT the sad truth
is that this info is coming to light post marke2ng, and “precau2on”
is based on use un2l harm is shown? Enlist Duo (components
used separately in Hawaii) is but one of trillions of combina2ons
which are out there in Kauai yet to be assessed. And then of
course the industry contests the ﬁndings or threaten to sue in
court.
Seed!companies!and!Kauaʻi!Coffee!use!a!large!volume!of!pesti
cides,!as!do!other!businesses,!
agencies,!and!homeowners.! The chemicals for Corporate Ag
are pharmacologically active (not, say, lubricants) and intended
to kill or enhance killing, pesticide. Then the shear amount and
types used make the combination threat prioritize GM
corporate AG (not even coffee) as the primary target for
precaution.

Two!or!more!pesticides!are!sometimes!combined!in!a!single!s
praying!solution.!This!process!is!
sometimes!referred!to!as!“stacking”.!While!approval!processes
!evaluate!the!toxic!effects!of!each!
chemical!individually,!EPA!does!not!typically!evaluate!the!effec
ts!of!pesticides!in!combination.!This!
is!in!contrast!to!the!Food!and!Drug!Administration,!which!con
sistently!evaluates!the!potential!
interactions!of!a!pill!or!liquid!that!combines!two!or!more!med
ications.!!The!FDA!does!this!to!
examine!the!potential!synergistic!effects!of!combinations!whic
h!may!reveal!toxicities!greater!than!
the!sum!of!the!impacts!from!the!individual!chemicals,!or!whic
h!may!reveal!other!side!effects!or! contraindications.!!
The potential for synergistic and unexpected toxicity of combinations goes way beyond
tank mixtures (or stacking). According to National Academy of Sciences
(http://www.beyondpesticides.org/assets/media/documents/documents/NASpesticideESA

The potential for synergistic and unexpected toxicity of combinations goes way beyond
tank mixtures (or stacking). According to National Academy of Sciences
(http://www.beyondpesticides.org/assets/media/documents/documents/NASpesticideESA
report2013.pdf) it includes overlap of chemicals in the human body and environment.
With the long half lives of many of these chemicals (week/months) it is misleading to
focus only on tank mixtures. Beyond this my added view is that the chemicals may
never overlap but the damage to body or environment might. As in your later paragraph
“The!effects!of!pesticides!can!also!be!indirect,!yet!highly!signif

icant.!EPA!has!determined!that!
metolachlor!use!in!the!Paci:ic!Northwest!may!affect!20!specie
s!of!endangered!and!threatened! salmon!
(Erickson!&!Turner,!2002)!not!because!the!herbicide!will!dire
ctly!affect!the!:ish,!but!based!
upon!loss!of!aquatic!vegetation!as!habitat.!This!is!particularly!
important!when!Critical!Habitat!has!
been!designated!for!a!listed!species.!Understanding!the!broad
er!data!on!these!pesticides,!
particularly!atrazine,!and!the!disagreement!among!governmen
t!regulatory!agencies!as!to!their!
affect!on!aquatic!systems,!is!important!to!the!current!situatio
n!here!on!Kauaʻi.!”

In!the!U.S.,!the!EPA!Of:ice!of!Pesticide!Programs!establishes!th
ese!benchmarks.!Benchmark!types!
include!acute!toxicity!for!:ish,!invertebrates,!vascular!and!non
vascular!plants,!and!chronic!toxicity!
for!:ish,!invertebrates,!and!aquatic!communities.!In!general,!th
e!benchmarks!are!set!at!the!lowest!
toxicity!value!resulting!from!standardized!tests,!with!a!safety!f
actor!applied!to!the!acute!:ish!and!
invertebrate!data.!However,!not!all!known!effects!of!these!pes
ticides!are!included!in!these! benchmarks.!
These benchmarks of the EPA have been criticized in the NAS report cited in above
paragraph – specifically for not addressing combination effects. I extrapolate from
effects on at risk species to humans – and medical authorities (WHO, FDA, would agree
with me).

..
Second,!and!as!explained!later,!the!birth!defects!data!provided
!by!the!Hawaiʻi!Department!of! Health!
(HDOH)!has!been!challenged!by!local!physicians,!a!situation!t
hat!needs!to!be!reconciled!by!
the!department!and!those!clinicians. Again the stated

(HDOH)!has!been!challenged!by!local!physicians,!a!situation!t
hat!needs!to!be!reconciled!by!
the!department!and!those!clinicians. Again the stated
threshold levels for health are for single chemicals NOT
combination evaluations and the standard “accepted” animal
models in the meta analysis can only predict 50% of the known
chemicals causing birth defects. Ref:
http://www.neavs.org/resources/publication/animalteratology-studies
De:initive studies would be like the type I submitted to you on
behalf of Hawaii Seed. It focuses beyond zip codes and looks at
constellation of symptoms (syndromes). Published reference
was given for this approach (Yale/UW study on fracking).
Population studies assessing risk of chronic diseases
associated with chemical drift maps. BTW which is same type
of study published in international peer reviewed journal for
acute risk of cane smoke which Dept of Health prior to
publication said it was such bad science that it would never be
published. I am all for debate and scienti:ic discussion but
bullying from regulatory positions seems to have gotten us into
the situation we are in.
.

********One!potential!line!of!future!studies!could!start!by!askin

g!what!might!the!Westside!population!size!and/or!
the!frequency!rates!need!to!be!to!qualify!any!speci:ic!Westside!health!
:indings!as!having!statistical!signi:icance?!!And!if!
those!numbers!are!not!achievable!on!Kauai,!how!does!one!design!a!va
lid!smallDpopulation!study!to!address!this?!!!I passed you a protocol
referenced previously, using same methodology to assess multiple sites
(Molokai, Kauai, Oahu, and Maui). This should increase the numbers.
Power to some extent depends not just on numerators but on
denominators as well (rates), so try to capture the denominators more
focally – beyond zip code mapping. For example 18/100 vs 12/100 is
not signi:icant but 8/25 vs 12/100 is. That is – if the added 6 + 2
(background) of the group of 18 are clustering in a smaller population
(of say 25) near the Ag :ields. Before anyone quotes the EPA that small
numbers cannot be studied ask them if they want to qualify that kind of
statement. Also tallying sndromes should increase statistical power.

toxicological!studies!are!based!on!animal!testing.
Previous reference of Dr Bailey shows that for congenital
defects the sensitivity and negative predict valueof animal
testing is poor.
Associations&in&the&Medical&Literature&Between&Cert
ain&Pesticides&and&Certain& Health&Conditions&

testing is poor.
Associations&in&the&Medical&Literature&Between&Cert
ain&Pesticides&and&Certain& Health&Conditions&
(This!includes!a!wide!range!of!pesticides,!some!of!which!are!not
!used!in!Hawai’i.)! Based on untested combinations (say 30,000
for these studies) these reference results cannot be
extrapolated to the exponentially greater risk for Corporate GM
Ag (trillion X trillion) in Hawaii. Again not all potential
synergies are real – let us take only a trillionth of the potential
ones. Now the argument of extrapolation is clearer.
Five!health!conditions!with!possible!
pesticide!associations!!DD!Developmental!Delay,!Attention!Def
icit!Hyperactivity!Disorder!(ADHD!–!
as!a!subset!of!‘Other!Disabilities’),!Renal!Disease,!Diabetes,!an
d!Obesity!–!were!somewhat!elevated!
on!the!Westside.!!The!Kauaʻi!health!data!examined!does!not!s
how!a!causal!relationship!between!
the!pesticides!used!by!the!seed!companies!and!the!health!pro
blems!experienced!on!the!Westside!
or!any!other!part!of!Kauaʻi. Beside the argument of getting
more focal denominators which I addressed above I am not
sure what criteria ruled out causation. Was it confounding?
Furthermore the other things more common on the west side
(like stroke) – not associated with single chemical agents –
doesn’t this support that fact that health care access and
utilization is the same on the west side.

*******Expand&the&Pesticide&Advisory&Committee&a
nd&Broaden&its&Mission&

Why does DOA do health? Are they free of conLlict of
interest and do they have the expertise? They say they
will call in medical experts but are they qualiLied to know
what a valid one looks like in these times of controversy?
Will their credentials stand up in court under litigation?

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Further re my earlier comment email
Date: April 6, 2016 at 4:02:02 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Allan Parachini <aparachini@parachinigroup.com>
Date: Wed, Apr 6, 2016 at 3:45 PM
Subject: Further re my earlier comment email
To: jffcomments@gmail.com
Cc: padleraccord@gmail.com
While I realize the JFFG sees its mandate as confining it to
an examination of pesticide use at the four seed companies
and Kauai Coffee, I would be remiss if I did not bring these
citations to your attention. They are all from legitimate
sources and refer to various pesticide products used in
organic agriculture. These pesticides include those based
on, among many other active ingredients, copper sulfate
and nicotine, two substances of unquestioned risk to
humans. There are many more such pesticides permitted for
use in organic agriculture. Accordingly, the JFFG should
take note of the breadth of use of pesticides of all types
throughout the agricultural world on Kauai. The impression
created by the draft report is one of organic farming being
pesticide free, or at least free of synthetic chemical
pesticides. This is simply not the case and in the JFFG’s
final report should set this issue in better context. Without
better establishing this context, the JFFG risks perpetuating

myths of a variety of types. Placing the issues within
JFFG’s purview in a more appropriate context can only
help your final work product. Thank you for your attention.

http://blogs.scientificamerican.com/science-sushi/
httpblogsscientificamericancomsciencesushi20110718mythbusting-101-organic-farmingconventional-agriculture/

http://www.ecfr.gov/cgi-bin/text-idx?
c=ecfr&SID=9874504b6f1025eb0e6b67cadf9d3b40&rgn=
div6&view=text&node=7:3.1.1.9.32.7&idno=7

http://www.colostate.edu/Dept/CoopExt/4dmg/VegFruit/
organic.htm

http://npic.orst.edu/factsheets/cuso4gen.html#cancer

--

Allan Parachini
Allan Parachini Custom Furniture
2319 Kamali`I St.
Kilauea, HI 96754
Voice: 808 320 3853
Mobile: 626 676 5328
aparachini@parachinigroup.com
www.apartfurniture.com
From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Public Comment from the ACCORD3.0
Website
Date: April 6, 2016 at 4:00:30 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Allan Parachini <aparachini@parachinigroup.com>
Date: Tue, Apr 5, 2016 at 2:01 PM
Subject: Public Comment from the ACCORD3.0 Website
To: jffcomments@gmail.com

Dear JFFG:

This may be a little more than 250 words.

1) I believe the JFFG has erred in according too much
significance to the unpublished bee study conducted by a
high school student as a science fair project under the
purported supervision of Carl Berg. While I admire than
resourcefulness of this student, her work has never been
peer reviewed or published. Its relevance to anything is
completely unestablished. A mention in The Garden Island
does not constitute publication or validate the methodology
and/or results. Yet her work is referred to more than a half
dozen times in your report. This accords this high school
student’s work far more credibility and significance than it
may warrant.
2) There are references to air sampling work done by the
Pesticide Action Network. The report should explicitly
acknowledge that the Pesticide Action Network is not a
scientific or research organization, but that is a political
organization engaged public relations campaign activities
and that its efforts were intended to produce finding of the
presence of airborne pesticides. At your meeting last night,
one of you made repeated references to the alleged
limitations of this work, which took 200 samples. Yet

nothing has ever been published on this project rendering
any explanation of why the research failed to identify more
than one affected sample. If they couldn’t do it, they
couldn’t do it and have nothing to show for it. It is
questionable that any reference to this project aside from a
brief description and a notation that it was designed as a
public relations campaign and was unable to produce data
or any documentation should be included in the final report.
3) While the JFFG’s mandate from the county and state
was to examine issues relating to the four seed companies
and Kauai Coffee, this should not be taken to mean the
JFFG must wear blinders. The group should include in its
recommendations something addressing the need for more
data and reporting on pesticide use on small conventional
and all organic farms. A not unrealistic recommendation
would be that ANY farm, of ANY size, that produces food
products sold in commerce should file quarterly reports of
all pesticides purchased and applied.
4) Similarly, while the report takes note of the need to
fund additional state oversight, it misses one obvious
prospective remedy, which would be to require all retail
outlets that sell in excess of some threshold amount
(perhaps $100,000 annually) of consumer pesticides be
required to capture the brand and/or type of consumer
pesticide purchased and the zipcode of the purchaser or the
zipcode in which the consumer pesticide is to be used. The
threshold amount should be determined to ensure that these
data are gathered by outlets that sell enough pesticides to
provide reasonably large scale data on the whereabouts of

use. Small retail establishments should not be burdened, but
the big box stores like Home Depot, K-Mart and Ace
Hardware (Lihue) should be required to gather and report
such data. Under no circumstances would the name of
address of any consumer be included in the reporting.
5) The JFFG should acknowledge that, while research into
the need for buffer zones should be undertaken, any
prescribed dimensions of such buffer zones should be
supported by sound scientific data BEFORE they are
mandated. The fact that some California county agriculture
agencies already require buffer zones has no scientific
validity and is most likely associated with local political
decisions and unrelated to scientific analysis. These
guidelines should include specific risk/benefit calculations.
6) The JFFG should consider a recommendation that a
retrospective epidemiologic study, based largely on
randomized chart and school record review, be conducted
to capture differences, if any, on the health status and
histories of children at two or three elementary, middle and
high schools on the West side and to or three on the North
Shore. In terms of middle and high school students, this
would necessarily involve schools in Kapaa since the North
Shore has no middle or high schools. This work might not
resolve all questions about the comparative health statuses
of children inside and outside the area of heaviest seed
company pesticide usage, but it could provide invaluable
answers AND focus the design of other research.
7) Since many community physicians testified on the
alleged effects of pesticides on their patients, the JFFG

should again review the County Council hearing record and
list the names and specialties of these physicians, as well as
their credentials in research and epidemiology. If they
reported or testified to alleged health effects, were these
observations consistent with their training, clinical skills
and practice histories? A grid should be developed to
identify all health care professionals (including physicians,
nurses and paraprofessionals such as naturopaths) who
have spoken out publicly for pesticide regulation to see if
they were making remarks based on their professional
qualifications or only as residents without scientific
qualifications. This is not to say they should not have
spoken out, but the JFFG should assess the potential
competency of what they said in their capacities as health
providers.
8) Similarly, County Council hearing records should be
examined to identify people who testified who were or are
plaintiffs in the civil case involving Pioneer. Although
involvement in such litigations is not, in and of itself,
evidence of bias by these witnesses, the fact remains that
they were in positions to at least potentially benefit
financially if Pioneer was found liable by a jury.

Thank you for considering these comments.

--

Allan Parachini
Allan Parachini Custom Furniture
2319 Kamali`I St.
Kilauea, HI 96754
Voice: 808 320 3853
Mobile: 626 676 5328
aparachini@parachinigroup.com
www.apartfurniture.com
From: "Allan Parachini"
<aparachini@parachinigroup.com>
Subject: Further re my earlier comment email
Date: April 6, 2016 at 3:45:56 PM HST
To: <jﬀcomments@gmail.com>
Cc: <padleraccord@gmail.com>
While I realize the JFFG sees its mandate as conﬁning it to an
examina8on of pes8cide use at the four seed companies and Kauai
Coﬀee, I would be remiss if I did not bring these cita8ons to your
aCen8on. They are all from legi8mate sources and refer to various
pes8cide products used in organic agriculture. These pes8cides
include those based on, among many other ac8ve ingredients, copper
sulfate and nico8ne, two substances of unques8oned risk to humans.
There are many more such pes8cides permiCed for use in organic

agriculture. Accordingly, the JFFG should take note of the breadth of
use of pes8cides of all types throughout the agricultural world on
Kauai. The impression created by the draJ report is one of organic
farming being pes8cide free, or at least free of synthe8c chemical
pes8cides. This is simply not the case and in the JFFG’s ﬁnal report
should set this issue in beCer context. Without beCer establishing this
context, the JFFG risks perpetua8ng myths of a variety of types.
Placing the issues within JFFG’s purview in a more appropriate context
can only help your ﬁnal work product. Thank you for your aCen8on.
hCp://blogs.scien8ﬁcamerican.com/science-sushi/
hCpblogsscien8ﬁcamericancomsciencesushi20110718mythbus8ng-101-organic-farming-conven8onalagriculture/
hCp://www.ecfr.gov/cgi-bin/text-idx?
c=ecfr&SID=9874504b6f1025eb0e6b67cadf9d3b40&rgn=div6&view=t
ext&node=7:3.1.1.9.32.7&idno=7
hCp://www.colostate.edu/Dept/CoopExt/4dmg/VegFruit/organic.htm
hCp://npic.orst.edu/factsheets/cuso4gen.html#cancer

-Allan Parachini
Allan Parachini Custom Furniture
2319 Kamali`I St.
Kilauea, HI 96754
Voice: 808 320 3853
Mobile: 626 676 5328
aparachini@parachinigroup.com
www.aparfurniture.com

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:55:34 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: <laurelq@hawaiiantel.net>
Date: Mon, Mar 28, 2016 at 7:43 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
I concur fully with the below message.
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Laurie Quarton
Kapaa

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:53:18 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Rachel <rahmrae@gmail.com>
Date: Fri, Mar 25, 2016 at 1:41 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
Sent from my iPhone

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:40:57 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: David M. Roach <droach@calpoly.edu>
Date: Thu, Mar 24, 2016 at 9:56 PM
Subject: Comments on JFFG Report
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
I hope you agree to fight for the protection of the public
commons, the air, land and water, as if your descendants
lives depend on it. As they most certainly do.

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:52:20 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Anne Rogers De Anda
<rogersdea001@hawaii.rr.com>
Date: Fri, Mar 25, 2016 at 5:28 AM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am wri6ng to express my strong support for the
recommenda6ons made by the JFFG aAer exhaus6vely
reviewing the available data. I hope that the report
recommenda6ons will not be weakened because of
industry aDack. I also hope that the language will be made
more clear that important gaps exists in the data so that it
is not possible to conclude what, if any, health impacts are
linked with pes6cide use by agrochemical companies on
Kaua`i.
Thank you for your hard work.
Mahalo,

Anne Rogers De Anda

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on Kaua`i JFFG Report
Date: April 6, 2016 at 3:33:50 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Croft, Parker <croft@middlebury.edu>
Date: Thu, Mar 24, 2016 at 2:10 PM
Subject: Comments on Kaua`i JFFG Report
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>

Aloha Mr. Adler and the JFFG,
This le5er comes from a family farm on Kaua'i. We need this
protec?on. The reputa?on of our products, in our case Hawai'i
grown tea, depends on maintaining this standards.
We are wri?ng to express our strong support for the
recommenda?ons made by the JFFG aEer exhaus?vely reviewing
the available data. We hope that the report recommenda?ons will
not be weakened because of industry a5ack. We also hope that
the language will be made more clear that important gaps exists
in the data so that it is not possible to conclude what, if any,
health impacts are linked with pes?cide use by agrochemical
companies on Kaua`i.
Thank you for your hard work.

All the best,
Michelle Rose and Parker CroE

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:35:51 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Sky Ardee <alwaysbringyourtowel@gmail.com>
Date: Thu, Mar 24, 2016 at 3:52 PM
Subject: Comments on JFFG Report
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG.
We need to take the known and unknown risks of
severe public health and environmental impacts very
seriously by establishing sensible buffer zones,
while disclosure of pesticide practices are an important next
step as well, so that more and better data can be collected
on the impacts.
Mahalo!
Sky Roversi-Deal
Kauai Farmer

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:34:13 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: mark Seiler <mrjazmo@gmail.com>
Date: Thu, Mar 24, 2016 at 2:19 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I was disappointed that the JFFG did not collect their own
data, though I strongly support support for the
recommendations made by the JFFG. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Real time monitoring equipment should be used to alert
incase of pesticide drift.
Thank you for your hard work.
Mark Seiler

Kalaheo
332-9249

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on Kaua`i JFFG Report
Date: April 6, 2016 at 3:38:11 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: DreamMakers LLC
<dreammakersllc@gmail.com>
Date: Thu, Mar 24, 2016 at 5:29 PM
Subject: Comments on Kaua`i JFFG Report
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
Have a great day!

-Scott Silverston, President
DreamMakers LLC
(808) 634-1018

P.S. Please Excuse any Spelling Mistakes... This eMail was
sent from my iPhone ;)

To the Joint Fact Finding Committee:
The following is offered as additional information to inform the draft revision.

WCMS
Jan 25, 2008 incident
Thursday 1/24 @3:40 p.m. teachers observe field 809 being sprayed.
Around 9 am students and staff are symptomatic and there is a heavy chemical smell on
campus. Different parts of campus are affected. Many classrooms evacuate into the
library and 60 students reported to the health room, more were turned away as there was
not enough room and resources to attend to volume of students in the health room/office.
Wind data from Syngenta weather station in field 809 as provided by DOA pesticide
misuse complaint investigation (see attachment) indicates that wind switched from light
NE (blowing parallel to fence line) to a very light NW and N (blowing directly toward
school) between 8-9 am. It then switched to a gustier ESE direction between 9-10 am.
(see wcms wind data)
Friday 9:36 am call to Waimea Fire Dept, Hazmat team responds and arrives at school
shortly thereafter followed by representatives from DOH, DOA, DOE, HSTA and
Syngenta. Smell is dissipating. Responders are unable to locate or discern smell.
10-12 children taken to hospital
By 4pm Honolulu advertiser online breaks story that classrooms emptied as a result of
noxious weed.
Wind data indicates that a volatilization drift may have occurred between 8-9 am when
winds were lightly blowing off Syngenta Ag fields recently applied with pesticides. First
responders were unable to locate the smell because the wind had switched SE toward
fields and away from W.C.M.S. campus between 9-10 am. DOA investigators did not
take into account actual wind data when drawing their conclusions. The DOA
investigator determined Syngenta to be in full compliance with the spray restrictions on
the label while failing to consider the possibility of volatilization drift occurring. Warrior
II, a pesticide with a REI of 24 hours, was applied to field 809 (adjacent W.C.M.S.
campus) 15 hours prior the January 25 incident. Given the array of chemicals sprayed on
field 809 during the previous 6 days as well as the established fact that atmospheric
volatilization occurs, the possibility of volatilization drift cannot be negated by DOA’s
determination of “No Violation”. The label can only control spray drift, which is the
immediate effect that could occur during a spray application if wind blows spray mist
offsite, hence the wind specifications on the label. Fact Finding regarding this incident
must take into account symptoms reported, pesticides recently used, proximity of spray
applications to school, medical data such as school health room and hospital, and wind
data before, during and after the incident. The opinion that Cleome Gynandra was
responsible for the 1/25 incident is without merit when one considers the lack of scientific
or historical data to support that airborne Cleome Gynandra sickens people. NTBG
botanist, Tim Flynn, did not support that opinion. He simply identified the plant in
question. The vast majority of teachers on campus did not support that opinion as
evidenced by the 2/1/08 pre-dawn protest of pesticide spraying by Syngenta on fields
adjacent WCMS. The absence of a label violation does not preclude a pesticide from
drifting offsite. It simply prevents liability for that drift. (see syngenta spray schedule)

evidenced by the 2/1/08 pre-dawn protest of pesticide spraying by Syngenta on fields
adjacent WCMS. The absence of a label violation does not preclude a pesticide from
drifting offsite. It simply prevents liability for that drift. (see syngenta spray schedule)

April 15, 2008 Kekaha Incident.
Field 206 was sprayed with Asana XL insecticide over a 14 acre area between 9-10:30
am. The product MSDS describes it as having an oily, aromatic odor. During the time of
application winds were light southeast and blowing away from Kekaha town and toward
the mountains.
* The chemical name, CAS number and/or exact percentage have been withheld as a trade
secret

ASANA XL Insecticide
Chemical Name

CAS Number

Weight/ Percent TRADE SECRET

Esfenvalerate

66230-04-4

8.4

1,2,4-Trimethylbenzene

95-63-6

3.8

Cumene (isopropylbenzene) 98-82-8

0.1

Other ingredients

Various CAS#s 88

DOA reports that spray operations were stopped at approximately 10:30 as a result of
increased wind speeds. This timing is supported by supplied wind data.
At approximately 12:30 pm, students and faculty at Kekaha School were affected by a
chemical “fuel-like” smell. The adjacent neighborhoods and St. Theresa School were
subsequently affected. Both schools were evacuated.
First responders from KFD were unable to locate the source of the smell and it eventually
dissipated.
DOA investigation supplied wind data indicates that wind turned N between 12 and 1
pm. Complaints of chemical, fuel like smells occurred at approximately 12:30 pm. The
wind then switched back to gusty SE after 1 pm. (see Kekaha map)
Although winds were SE most of the day, there was a wind anomaly (N) during the time
of the reported incident. (see Kekaha wind data)

At that time, I lived in Kekaha, directly between Kekaha School and St. Theresa’s. My
wife was at home with our 9 month old daughter, My 5 year old son was at Kekaha
School and I was at work in Waimea. My wife called me at work upset that there was a
strong chemical smell that was making it hard to breathe. I subsequently called both
Pioneer and Syngenta to get information. I was unable to get useful information at
Pioneer but Syngenta was cooperative in connecting me with the lead spray operator that
day. He (first name Kenny or Kevin) told me that Syngenta wasn’t spraying but Pioneer
was. He also told me that he had children at both Kekaha and St. Theresa’s and was
concerned about the incident and had called Pioneer to make sure they weren’t spraying
anymore When I asked him if he thought some form of spray drift was responsible for
the incident in Kekaha, he said that ‘yes it likely was’.
In the attestation that my wife made for the DOA investigator, she wrote that “I became

the incident in Kekaha, he said that ‘yes it likely was’.
In the attestation that my wife made for the DOA investigator, she wrote that “I became
nauseous, had a headache and tightness in my throat…My five year old son complained
of a headache…My nine month old daughter developed a cough through the evening
which made it difficult for her to catch her breath.”

Notes on Volatalization
Volatilization is the process whereby a solid or liquid evaporates into the atmosphere as
a gas. Specific environmental factors that tend to increase volatilization include high
temperature, low relative humidity, and air movement (1). Volatilization drift occurs
when these gases drift from their application site to another location. Spray drift can
occur when pesticides move off the application site in the air as particles or aerosols
during application or when the pesticides move that are attached to dust (2).
Swab samples are used to detect pesticide residues from spray drift if the samples can be
taken shortly after drift incidents. Sunlight and oxygen will break down the pesticide
making swab sampling useless. Swab sampling works best if done within hours of a spray
drift incident. Volatilization drift is not detected by swab sampling, though it can
continue at fairly high levels for several days after an application. Because volatilized
pesticides are in gas form, it is unlikely that you will find residues on surfaces.
For about 45% of total pesticides applied in California, the bulk of off-site pesticide
movement occurs as the pesticide volatilizes after application. ARB (California Air
Resources Board) monitoring data indicates that concentrations of pesticides in air peak
between eight and 24 hours after the start of application, with concentrations declining
over several days to several weeks. In outdoor settings, airborne pesticides are carried
away from the application site by wind and on windblown soil particles. Drifting
pesticides can travel miles away from target sites (3). Pesticides may still be observed in

between eight and 24 hours after the start of application, with concentrations declining
over several days to several weeks. In outdoor settings, airborne pesticides are carried
away from the application site by wind and on windblown soil particles. Drifting
pesticides can travel miles away from target sites (3). Pesticides may still be observed in
the atmosphere after the treatment period has apparently ended in a region. Many
observations and experimental studies highlight the contribution of volatilization to
atmospheric contamination... This process may continue for several days or weeks after
treatment, and even go on for several months... As a result, it causes the transfer of
significant fractions of applied chemicals from treated surfaces into the atmosphere (4).
1. www.epa.gov/opp00001/about/intheworks/volatilization.htm
2.www.btny.purdue.edu/Pubs/PPP/PPP35.html
3.Secondhand Pesticides: Airborne Pesticide Drift in California
http://www.panna.org/legacy/gpc/gpc_200304.13.1.10.dv.html
4. Mass transfer of pesticides into the atmosphere by volatilization from soils and plants:
overview
Carole BEDOS*, Pierre CELLIER, Raoul CALVET, Enrique BARRIUSO, Benoît GABRIELLE
http://crphyto.be/fichiers/Mass%20transfer%20of%20pesticides%20into%20the%20atmospher
e.pdf

A Case Study of a Week-Long Pesticide Cocktail
Overview of products applied to field #809 from 1/17/08 to1/24/08
Applied Jan. 17, 2008
Lannate LV
Active ingredient: Methomyl 29%, a carbamate insecticide
• A single inhalation exposure to methomyl can cause weight loss, diarrhea, lethargy,
cholinesterase inhibition, abnormal gait, hyperactivity and tremors
“Other ingredients”: Cyclohexanone 29-34%
• A single exposure to Cyclohexanone by inhalation can cause irritation of mucous
membranes, narcosis and hypothermia. Cyclohexanone is listed as a carcinogen.
“Other ingredients”: Methanol <10%

•

Repeated inhalation exposure caused irritation of the eyes and blindness. Exposure of
pregnant rats and mice showed the following developmental effects: reduced birth
weight, bone abnormalities, behavioral abnormalities. Methanol is listed as a toxic
chemical.

http://www.cdms.net/LabelsMsds/LMDefault.aspx?pd=55
Applied Jan. 17, 2008 as a tank mix with Lannate
Penncap M (microencapsulated for slow release)
Active ingredient: Methyl Parathion 20.9%, an organophosphate insecticide
• Symptoms organophosphate poisoning may include headache, dizziness, weakness,
incoordination, muscle twitching, tremor, nausea, abdominal cramps, diarrhea and
sweating. Methyl Parathion is listed as a toxic chemical and a hazardous substance.
“Other Ingredients”: not listed 89.1%

http://www.cdms.net/LabelsMsds/LMDefault.aspx?pd=749&t
Applied Jan. 18,2008
Touchdown Hitech
Active ingredient:Glyphosate 52.3%, a monopotassium salt herbicide 
• Symptoms of exposure include cough and redness of eyes. Glyphosate decomposes on
heating producing toxic fumes including nitrogen oxides and phosphorous oxides.
Glyphosate is listed as an irritant.
“Other ingredients”: Unlisted 47.7%

http://www.cdms.net/LabelsMsds/LMDefault.aspx?pd=7125
Applied Jan. 21,2008
Lorsban 4E
Active ingredient: Chlorpyrifos 44.9%, an organophosphate insecticide.
• Vapor concentrations are attainable which could be hazardous on a single exposure. Signs
and symptoms of excessive exposure to chlorpyrifos may be headache, dizziness,
incoordination, muscle twitching, tremors, nausea, abdominal cramps, diarrhea, sweating,
pinpoint pupils, blurred vision, salivation, tearing, tightness in chest, excessive urination,
convulsions. Chlorpyrifos is listed as a hazardous substance.
“Other ingredient”: 1,2,4 Trimethylbenzene 15.8%, an aromatic hydrocarbon.
• It is listed as a harmful substance.
“Other ingredient”: Xylene 1.5%, an aromatic solvent.
• Xylene is reported to have caused hearing loss in laboratory animals upon high

•

It is listed as a harmful substance.

“Other ingredient”: Xylene 1.5%, an aromatic solvent.
• Xylene is reported to have caused hearing loss in laboratory animals upon high
concentrations. In animal inhalation studies, Xylene caused toxicity to the fetus.
“Other ingredient”: Cumene .9%, a aromatic hydrocarbon.
• Symptoms of inhalation include dizziness, ataxia, drowsiness, headache,
unconsciousness. Cumene is listed as a harmful substance
“Other ingredient”: Unlisted 36%

http://www.cdms.net/LabelsMsds/LMDefault.aspx?pd=587
Applied Jan. 24, 2008
Warrior with Zeon Technology
Active Ingredient: Lambda-Cyhalothrin 11.4%, a pyrethroid insecticide.
• In toxicity studies, lambda-Cyhalothrin caused reversible parasthesia (abnormal skin
sensation) and reversible clinical signs of neurotoxicity in mammals. Symptoms of
inhalation exposure are burning sensation, convulsions, cough, laboured breathing,
shortness of breath, and sore throat. Lambda-Cyhalothrin is classified as a very toxic
substance.
“Other ingredients”: Napthalene 1.5%, a aromatic hydrocarbon.
• Exposure to naphthalene can cause cataracts, liver damage, kidney failure, respiratory
failure, hematuria, anemia, damage to red blood cells, leukocytosis, or coma. Napthalene
is considered an Anticipated Carcinogen and is listed as an acute and chronic health
hazard.
“Other ingredients”: Petroleum Solvent unlisted %
• Inhalation of vapors at high concentrations can cause central nervous system effects
(dizziness, headache), irritation to the eyes or respiratory tract.
“Other ingredients”: Propylene Glycol unlisted %

•

This substance is an eye irritant.

http://www.cdms.net/LabelsMsds/LMDefault.aspx?pd=5603
Additional Chemical information was obtained from http://www.inchem.org/
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Posted: Wednesday, April 16, 2008 12:00 am
by Nathan Eagle - THE GARDEN ISLAND | 0 comments

Students and teachers yesterday afternoon suffered headaches, breathing
difficulty and nausea after a pungent chemical smell from an unidentified source
wafted through two Westside schools, officials said.
Kekaha School was evacuated and emergency personnel reportedly rendered
medical aid to three students.
St. Theresa’s Elementary Principal Mary Buza-Sims said students and staff were
cleared from classrooms to find fresh air.
“At first I thought it was someone tarring their roof,” she said. “It was so strong
my eyes started to burn. The kids all held their noses and were coughing.”
Fire and police authorities responded to her 911 call around 12:30 p.m., but failed
to detect the source of the smell.
Shortly after the St. Theresa’s incident, Kaua‘i Police Department Assistant Chief
Clayton Arinaga said Kekaha School was evacuated into a nearby park around 1
p.m.
There were no reported illnesses in that incident, Arinaga said.
The winds were onshore from the south, he said, speculating that may have had
something to do with it.

p.m.
There were no reported illnesses in that incident, Arinaga said.
The winds were onshore from the south, he said, speculating that may have had
something to do with it.
Buza-Sims said a Pioneer employee came to the school and said the seed
company had sprayed its fields near Kekaha School around 9 a.m., but could not
confirm if there was a link.
“Nothing we know of would have caused that,” Steve Lupkes, Pioneer site
manager, said yesterday evening. “This morning the weather guy was talking
about the vog hitting Kaua‘i.”
Arinaga said the department checked with one of the Westside seed companies
but could not confirm any spraying applications.
Buza-Sims said, to her knowledge, none of the roughly 150 students at St.
Theresa’s Elementary had to seek medical treatment from the smell.
Medics examined two students at Kekaha School who reportedly had watery
eyes, determined they were fine, and released them to school officials, a county
news release states.
Firefighters and police officers spent about an hour checking classrooms at the
two schools. They were unable to smell the reported odor or locate its origin, the
press release states.
She said the only time something similar has happened was when the state
sprayed near the beach side of the school at the beginning of the school year.
There was a smell to that, she said, but nothing compared to the stench
yesterday.
She said the state quit spraying the area during school hours after she asked
them to stop.
Kekaha School did not respond to questions seeking comment by press time.
• Nathan Eagle, staff writer, can be reached at 245-3681 (ext. 224) or
neagle@kauaipubco.com

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:53:35 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: <kalihiwaibay@gmail.com>
Date: Fri, Mar 25, 2016 at 1:57 PM
Subject: Comments on JFFG Report
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
David and Linda Sproat
Sent from my iPhone

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:36:10 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Susan Stayton <susan.stayton@gmail.com>
Date: Thu, Mar 24, 2016 at 4:02 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am wri6ng to express my strong support for the
recommenda6ons made by the JFFG aAer exhaus6vely
reviewing the available data. I hope that the report
recommenda6ons will not be weakened because of
industry aDack. I also hope that the language will be made
more clear that important gaps exists in the data so that it
is not possible to conclude what, if any, health impacts are
linked with pes6cide use by agrochemical companies on
Kaua`i.
Thank you for your hard work.
Aloha,
Susan Stayton

Lawai, HI

Comment Letter on Draft Report, “Pesticide Use by Large Agribusiness on Kaua’i”
Submitted by Sandra Steingraber, PhD, Distinguished Scholar in Residence
Department of Environmental Studies and Sciences,
Ithaca College, Ithaca, New York
ssteingraber@ithaca.edu
April 8, 2016
Dear JFF Study Group,
I am a systems ecologist and science writer who has worked in the field of environmental
public health for the past two decades. I have researched extensively the impacts of
pesticide exposure on cancer risk and prenatal and infant development. In that capacity, I
have served on the National Action Plan on Breast Cancer, as well as on the Special
Advisory Board of the California Breast Cancer Research Program. I am a founding
member of Concerned Health Professionals of New York.
I have closely read the draft report and write now to express my support of its modest
recommendations, which are based on our current understanding of the ways in which
chronic exposures to low-levels toxicants can combine, over time, to alter pathways of
development and/or place cells on the pathway to tumor formation.
I especially write to support the recommendation for buffer zones and an overhaul of
Hawaii’s pesticide regulations, which, as the draft report correctly notes, are obsolete and
do not recognize the ever-changing kaleidoscope of pesticides that are now used by seed
companies and in post-sugar cane agricultural practices.
The draft report does overlook two important literature reviews. I recommend them for
your consideration. The first is the 2007 500-page report by the California Breast Cancer
Program Special Research Initiatives (which was updated in a 2012 supplement) and the
funded studies that arose from it. I am one of the authors and compilers of this review.

•

Report: http://www.cbcrp.org/files/other-publications/GAPS_full.pdf

•

Supplement: http://cbcrp.org/files/other-publications/2013_SupplGaps_Final.pdf

•

Funded studies: http://www.cbcrp.org/files/sri-funded-projects.pdfidenti

The second is the 2008-2009 Annual Report of the President’s Cancer Panel, Reducing
Environmental Cancer Risk:
http://deainfo.nci.nih.gov/advisory/pcp/annualReports/pcp08-09rpt/PCP_Report_0809_508.pdf.

As for errors in the draft report, I point to this statement on page 15: ‘Experts in public
health and epidemiology say, “the dose makes the poison,” but even very low doses may
be hazardous.’
Experts in public health and epidemiology no longer cite this out-of-date maxim, which
dates back the Middle Ages. The report instead should make reference to the Faroes
Statement, which formally overturned this old paradigm with a signed declaration, the
Faroes Statement, at the 2007 International Conference on Fetal Programming and
Developmental Toxicity.
The Faroes Statement warns that low-level exposures to common environmental
chemicals during fetal life and early infancy increase risks for various health problems
later in life. According to the document, these problems include diabetes, attention deficit
disorders, obesity, infertility, and thyroid disorders. They also include breast cancer.
Singled out for mention was the pesticide atrazine, which, as noted in the document’s
consensus statement, can alter breast development in early life in ways that increase
susceptibility to breast cancer in adulthood.
Faroes Statement: http://www.precaution.org/lib/faroes_statement_pub.070801.pdf
The Faroes Statement recognizes a new paradigm of toxicologic understanding, which
should stand as the framing statement of this draft report:
"The old paradigm, developed over four centuries ago by Paracelsus, was that 'the dose
makes the poison.' However, for exposures sustained during early development, the most
important issue is that 'the timing makes the poison.' This extended paradigm deserves
wide attention....Among the mechanisms involved, particular concern is raised about
changes in gene expression due to altered epigenetic marking, which may not only lead to
increased susceptibility to diseases later in life, but the effects may also be passed on to
subsequent generations.”
Thank you for your consideration of these issues.
Kind regards,
Sandra Steingraber
Sandra Steingraber, PhD
Distinguished Scholar in Residence
Department of Environmental Studies and Sciences
Ithaca College
Ithaca, New York
ssteingraber@ithaca.edu

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:35:04 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Michal Stover <mfsleh@yahoo.com>
Date: Thu, Mar 24, 2016 at 2:52 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work.
Michal F. Stover
Kauai

From: Hawaii SEED <hawaiiseed808@gmail.com>
Subject: JFF Comments from Robert Streit
Date: April 8, 2016 at 3:22:16 PM HST
To: jﬀcomments@gmail.com
Cc: Jeri <ofstone@aol.com>
To: the Kauai Pesticide Hearing Committee
From: Robert A Streit, Boone, Iowa April 8, 2016
Consulting Agronomist,
Certified Professional Crop Specialist
Certified Crop Advisor
EPA Knowledgeable Expert
Member USDA Soybean Rust Task Force Member
We testified at the pesticide hearings on Kauai in 2013.
After two and a half years those problems still exist and the
inhabitant’s health problems continue. It’s shameful the
moratorium passed by the voters wasn’t initiated. The GNP
program was well intended it had no enforceable standards. It
appears setting up the program was more of a stalling tactic than it
was meant to bring clarity or a call to action. The voters expected
immediate action.
The three questions posed on Pg 13 were appropriate: Are
there health problems; what problems and symptoms are
observable; what should be done about the problems? It was
apparent based on the number of times the schools had to be
evacuated with students requiring medical attention there were
problems. A good start would incorporate bringing trained

environmental MDs to work and train your current MDs and DOs.
Without this environmental training regular doctors are not able to
recognize all the potential sources of pesticides, know what tests to
perform, identify what enzyme systems were are affected and then
suggest which curative steps and products should be used. Such
training was available at the Environmental Health Symposium
(EHS 2016) held in San Diego in March of 2016 and this
symposium will be repeated in 2017. The same certified
professional could be brought in to lend their expertise. Start
immediately with this step. Assign the cost to the offenders. Health
damage from poison exposures, especially with youths, is
cumulative and not always dosage related. The study which serves
as the best example was the work done in epigenetic (Skinner,
Washington State U, 2012) study where exposure by lab animals to
chemicals at rates far below what was considered damaging or
lethal showed up in the third generation. Severe birth defects,
poorly developed muscular systems and slowed learning abilities
were detected in those offspring. Those results suggest there could
be major health problems with future human generations in many
locations in Hawaii.
The seed companies have demonstrated their main goal is
to protect their crops against diseases and insects, and not look out
for the safety of their close neighbors. Their neighbors inhabited
Kauai long before the seed companies moved in and began
growing their seed crops. Spraying very volatile insecticides like
Lorsban (chlorpyrifos) next to schools, offices, or dwellings is not
acceptable. Lorsban, or Dursban when it was used in residential
settings, is an organophosphate insecticide which has a strong,
nauseating smell which will spread from the fields where it was
sprayed due to its high vapor pressure (Journal of Physical
Chemistry, Ref Data Vol 26 Vol 1997). It is listed as a product that
affects the nervous, cardiovascular, respiratory systems as well as
being an eye and skin irritant (Extension Toxicology Network,
Cornell, MSU, OSU, UCDavis). If a person is exposed to enough
of its vapor they have difficulty breathing. Acute exposure can be

fatal, and that is why it is used, because it forms a vapor to kill
insects within the plant canopy. When Dursban was used to
fumigate houses for termites it caused a number of young people to
drop into long term comas (personal conversation with Dow
Entomology research Dir). Dow was still paying for their care.
With multiple crops per year and the lack of winter, the number of
applications of insecticides per year around the Kauai is twenty to
thirty times greater than in the U.S. Midwest. The exposure to
bystanders is also much greater. Besides Lorsban and other OP
insecticides there are lots of synthetic pyrethroids being applied on
Kauai. Though the original pyrethrum was a flower extract the
more recent members of the pyrethroid insecticide family are
chlorine or fluoride based, thus much more toxic with extreme skin
irritant properties (ISU extension handbook, personal experience).
Member of both families are nerve toxins as they affect the
cholinesterase production system. What is known (Seneff, MIT
chemist slide set) that insect and human nervous systems are very
similar in degree of sensitivity. Lack of mineral nutrition in the
individuals or repeated or long duration exposure can overload a
human’s ability to tolerate or recover from exposure to those
chemicals. Each person’s individual CYP system capacity varies in
efficacy and is dependent on different minerals to run that
detoxification system. Besides the main CYP there are four
secondary systems that must be fully functional.
In the Midwest soybean growers often use Lorsban (ISU
Extension bulletin 2004) to spray for aphids in late summer when
they blow in and begin sucking sap from the plants. Farmers will
often spray Lorsban to kill them. When they are trying to cover
acres quickly and minimize costs they will spray alternate 80, 90 or
120 ft strips to save time and money. The Lorsban forms a gas that
will spread into the unsprayed area and kill the insects thru the
gassing action. The success rate with this strategy is typically
about eighty percent. This success rate and tactic shows that the
100 ft barrier is not sufficient. The label also tells of a twenty four

hour re-entry restriction, meaning that people are supposed to stay
out of the sprayed area for a full day. How is that restriction
supposed to be observed if the drift or vapor enters an occupied
dwelling?
The use of fungicides is also much greater in the seed fields
due to the added disease caused by the higher humidity levels on
Kauai, the more susceptible inbred plants, and likely greater
incidence of micronutrient deficiencies (Marschner's Mineral
Nutrition of Higher Plants, AP Press) in the fields. That creates the
perfect disease storm for the people overseeing the fields, thus the
preventative applications are made before the diseases appear
(Mineral Nutrition and Plant Disease, Datnoff and Huber, APS
press). Fungicides are basically herbicides that kill fungi (plants
that lack chlorophyll thus are unable to produce their own sugarsAgrios text vol. 3) by upsetting or preventing their biological
systems from functioning properly (BASF Aktiengelellschaft).
Each product has its own re-entry restriction, mode of action and
harm it can do to a person who is exposed to the product. A
recently release study (ID of Chemicals that mimic transcriptional
changes that mimic autism brain aging and neurodegeneration –
Nature comm. Mar 31, 2016, U of North Carolina Medical) was
one of the first which included the newer products such as
Headline, Stratego, and Echo, which are being sprayed here. The
body of the paper informs the reader that fungicides may be
capable of causing more health problems than previously believed.
A glaring correction that needs to be made is not including
glyphosate in the list of restricted use products. This was because
of criminal action by IBT Labs (Poison Spring 2015 – jail and
fines) and U.S. Younger Labs (Rowland investigation and his
conversation with founder’s daughter) which fraudulently labeled
the product as generally recognized as safe. EPA scientists actually
recommended the label should include the wording ‘danger’ or
‘warning’ and show the skull and crossbones (EPA 1974 and 1991

internal Memos). Though it is often termed safe enough drink and
a French U Tube clip shows a Monsanto agent refused to drink a
glass, though he said it was safe, when offered one. Recently
released EPA via an FOIA request and internal documents (Samsel
conversation 2015) along with a 2015 World Health Organization
IARC ruled that glyphosate was a likely carcinogen. This was in
addition to being labeled a toxin, mutagen, teratogenic, biocide
(Pat # 7771736) and an endocrine disruptor. With this last category
there is no declared safe level of exposure. Exposure to this
pesticide can interact with exposure to other pesticides the lay
person or bystander will be exposed to when drift, overspray, or
food residual occurs. Damage to the microbiome from exposure or
consumption is also believed to be very damaging to each person’s
microbiome, the collection of usually beneficial bacteria in our GI
tract. Research by several eminent scientists such as Drs. Robert
Kremer (USDA/ ARs Soil microbiologist) and Dr Monika Kruger
(Vet Pathologist, U of Leipzig, Germany) has documented the
termination of beneficial soil and gut bacteria. After that happens
there is typically rapid colonization by harmful bacteria such as E
Coli, Clostridium and Salmonella (Kruger, U of Leipzig, Chronic
Botulism in Dairy Cattle. This suspected event in humans is
believed to be the cause of many long term and costly chronic
health problems (Samsel and Seneff, nos. 1, 2, 3 and 4 Entropy).
A recent released study (Seralini, U of Caen, FR, 2015) found that
the actual commercial formulas of RoudUp were much more toxic
than the actual EPA tested active ingredient because of the toxicity
of the added adjuvants. It was strongly suggested that further
studies include testing for glyphosate and AMPA (Amino methyl
phosphonic acid is the primary metabolite, Journal of Ag and Food
Chemistry, Ehling and Reddy, Nov 2015) when they test any food
product, liquids, water supplies, medicine and vitamins, clothing,
soil and IV fluids (Cotton contamination, Dr Medardo Avila
Vazquez, U of Cordoba, 2015). With the amount of this product
being sprayed by the seed companies and entire spectrum of
citizens, right of way departments, and home owners, assessing its

presence and levels must be done to accurately assess the effects of
the entire pesticide load to the people and environment. Research
in German determined its half life in the soil depended on soil pH
and clay content and found that it ranged from eight to twenty two
years (S Bott, U of Hohenheim). The authors recommended that all
levels of contamination be tracked to avoid costly and serious
health problems such as bowel disease, cancer, diabetes,
Alzheimer’s, chronic kidney disease, anencephaly, neural tube
defects, etc… While those peer reviewed soil and medical related
articles don’t generally get circulated within the U.S., such
research is being done and reported throughout the rest of the
world.
The testing ability for glyphosate residue has improved. More
testing is needed as usage on the mainland and on Kauai as
measured in either gallons or pounds of product has increased.
There are more contaminated fields and regions. On the U.S.
mainland most corn, soybean, wheat, cotton, canola and peanut
fields and produce have to be assumed as containing residues.
Very recent studies also found German beers, Californian wines,
OJ, honey, almonds, breast milk, etc. (MAM Honeycutt 2014)
were also found to be contaminated. More foods will likely be
added to the list in the near future.
Recommendations:
1. Enforced Spray buffers of 100 ft for herbicides. Mandate the
use of Drift Retardants and butter of 500 ft for Lorsban. If these
don’t work seriously question its label for use on HI.
2. Require the use of drift retardants such as Array for all
applications.
3. Straighten out the recording of record keeping and tracking
of Rup and Gly applications per field, per crop, and per annum.
Some system to track must be developed that would lend order to
the current system.
4. Categorize Roundup or any glyphosate based product as a

Restricted Use Product.
5. Conduct urine testing for seed corn workers and counsel
them on their safety and GLP for application.
6. Assemble the MDs, DOs and DCs on Kauai and see what
training or help they most need to lend aid to them to help them in
dealing with the pesticide exposure problems. See about flying
several environmental trainers from the mainland to Hawaii for
teaching these classes so they are equipped. Make sure testing lab
testing of samples is easy and quick for them. Consider working
with these specialists to discuss what enzyme tests could be done
to rate the students, workers, and lay people most at risk to
exposure to OP pesticides. Be prepared in case there is a major
problem. Educate the public so they better understand the issues
and can both assemble and access the facts.
7. Be alert to some of the new lab devices for detecting
pesticide contamination in the environment or in the food or water.
8. Work with a good team of soil scientists and agronomists to
do a geo-referenced survey of the island to test for recent or legacy
pesticide contamination. Then work done in the future for
determining home sites, food production areas or schools can be
coordinated in a much safer and organized fashion.
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Abstract: The current chronic kidney disease epidemic, the major health issue in the rice
paddy farming areas in Sri Lanka has been the subject of many scientific and political
debates over the last decade. Although there is no agreement among scientists about the
etiology of the disease, a majority of them has concluded that this is a toxic nephropathy.
None of the hypotheses put forward so far could explain coherently the totality of clinical,
biochemical, histopathological findings, and the unique geographical distribution of the
disease and its appearance in the mid-1990s. A strong association between the
consumption of hard water and the occurrence of this special kidney disease has been
observed, but the relationship has not been explained consistently. Here, we have
hypothesized the association of using glyphosate, the most widely used herbicide in the
disease endemic area and its unique metal chelating properties. The possible role played by
glyphosate-metal complexes in this epidemic has not been given any serious consideration
by investigators for the last two decades. Furthermore, it may explain similar kidney
disease epidemics observed in Andra Pradesh (India) and Central America.
Although glyphosate alone does not cause an epidemic of chronic kidney disease,
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it seems to have acquired the ability to destroy the renal tissues of thousands of farmers
when it forms complexes with a localized geo environmental factor (hardness) and
nephrotoxic metals.
Keywords: chronic kidney disease of unknown etiology; glyphosate; hard water;
nephrotoxic metals; arsenic

1. Introduction
1.1. Chronic Kidney Disease of Unknown Etiology (CKDu) in Sri Lanka
Starting in the mid 1990s, a Chronic Kidney Disease of Unknown etiology (CKDu) was discovered
among the rice paddy farmers in the North Central Province (NCP) of Sri Lanka [1]. Over the next two
decades, the disease spread rapidly to the other farming areas. The age-standardized prevalence of the
disease is estimated at 15% [2] affecting a total population of 400,000 patients with an estimated death
toll of around 20,000 [3]. The unique feature of this CKDu is that its etiology does not include
commonly known risk factors for CKD such as diabetes mellitus, hypertension and glomerular
nephritis [4]. In 2009, the Sri Lankan Ministry of Health introduced criteria for case definition of
CKDu [5]. These included:
(1) No past history of, or current treatment for diabetes mellitus or chronic and/or severe
hypertension, snake bites, urological disease of known etiology or glomerulonephritis.
(2) Normal glycosylated hemoglobin levels (HbA1C 6.5%).
(3) Blood pressure
160/100 mmHg untreated or
140/90 mmHg on up to two
antihypertensive agents.
The CKDu is a disease that progresses slowly [1]. Patients are asymptomatic during most of the
course of the disease. Histopathological findings have shown tubular interstitial nephritis associated
with mononuclear cell infiltration, glomerular sclerosis and tubular atrophy [6]. The disease is
characterized by tubular proteinurea, usually alpha-1 and beta-2 microglobulinuria, and high urine
Neutrophil Gelatinase-associated lipocalin (NGal) levels (>300 ng/mg creatinine) [7,8]. The observed
geographical and socioeconomic disease patterns led to assumptions that environmental and
occupational factors have an important role to play as the main causative agents [9,10].
Tubulointerstitial disease with negative immunofluorescence for IgG, IgM and complement-3 are more
in favor of a toxic nephropathy [4], but commonly known nephrotoxins such as lead (Pb),
non-steroidal anti-inflammatory drugs, aminoglycosides, aristolochic acid and mycotoxins are highly
unlikely as a single cause of CKDu in Sri Lanka. Many victims of CKDu are not aware of being ill
until the end stage and their only treatment options are peritoneal and hemodialysis and ultimately,
kidney transplantation.
A number of research groups, including the World Health Organization (WHO), have conducted
research studies to determine the etiology of this unique type of CKD. There is some consensus that
this is a multifactorial disease. The main factors include chronic exposure to arsenic (As) [1],
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cadmium (Cd) [11] and pesticides [2,12]. Consumption of hard water, low water intake and exposure
to high temperatures resulting in significant dehydration, are among the other factors. Whatever hypothesis
that is propounded should be able to answer the questions as to why CKDu is confined to certain
geographical areas of Sri Lanka and why there was no CKDu in Sri Lanka prior to the 1990s.
1.2. CKDu and Ground Water Hardness
Places with high ground water hardness and the geographical distribution of the CKDu in Sri Lanka
are well correlated (Figure 1). Hardness of water is caused mainly due to the presence of the
polyvalent metallic cations calcium (Ca), magnesium (Mg), strontium (Sr) and iron (Fe), together with
carbonate, bicarbonate, sulphate and chloride anions [13]. The degree of hardness is classified as, soft,
moderately hard, hard or very hard when the Ca and Mg content is 0–60 mg/L, 61–120 mg/L,
121–180 mg/L and >181 mg/L, respectively [14]. Ground water in the CKDu endemic area is found to
be either hard or very hard and contain Ca, Mg, Fe and Sr ions [15].
Figure 1. Geographical distribution of patients with CKDu and ground water hardness in
Sri Lanka. Ground water hardness data- with the courtesy of Water Resources Board
of Sri Lanka.

A highly statistically significant positive correlation (p < 0.008) has already been revealed between
the occurrence of CKDu in Sri Lanka and hard water consumption. Ninety six percent of the
CKDu patients had consumed hard or very hard water for at least five years, from wells that receive
their supply from shallow regolith aquifers [16]. Apart from that, the authors have made the following
observations related to CKDu and the hardness of the drinking water:
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(a) The number of villagers who complain that the ground water hardness in CKDu endemic
area has increased steadily over the last two decades.
(b) Certain shallow wells (2–5 m), which were previously been used for drinking purposes are
now abandoned due to high hardness and bad taste.
(c) There are a few natural springs located in the CKDu endemic area where water is not hard.
People who consume water from these sources have been determined to be free from the
disease.
(d) Individuals who drink treated water from large water supply schemes (especially in the two
cities of Anuradhapura and Polonnaruwa), while living in the same endemic areas,
do not have the disease.
(e) In the adjoining farming areas of the Northern Province of Sri Lanka, where the ground
water hardness level is known to also be hard or very hard, there have not been any
significant number of CKDu cases reported.
Many scientists who have been involved in research related to CKDu have neglected the hard water
factor, as there is no scientific evidence linking CKD to the consumption of hard water, or the presence
of high Ca or high Mg levels in drinking water. Nevertheless, due to the strong association between
hard water consumption and CKDu, certain researchers have attempted to link hard water with a
number of other factors related to CKDu. Jayasumana et al. [1] have demonstrated that there is a link
between hardness and arsenic toxicity. They have identified toxic levels of arsenic in urine,
hair and nail samples of CKDu patients as well as in apparently healthy individuals living in the
CKDu endemic region. They proposed that arsenic, derived mainly from tainted agrochemicals
(chemical fertilizers and pesticides), when combined with calcium and/or magnesium in the ground
water can ultimately damage the kidney tissues. Even though there is considerable evidence to suggest
that the agricultural workers in the CKDu endemic areas are exposed to arsenic, the exact source and
mode of entry of arsenic remains controversial. However, the totality of scientific evidence gathered so
far has highlighted the fact that an unknown factor (Compound X) originating from agrochemicals,
when combined with hardness/Ca/Mg can cause significant kidney damage; thus explaining many
current observations including the unique geographical distribution of the disease.
2. Compound X
If we assume that the “Compound X” is derived from the agrochemicals and is easily bound to
Ca/Mg/Sr/Fe to ultimately cause damage to the kidneys, then this hypothesis can explain the
geographical distribution of CKDu as well as the occurrence of the disease only after the 1990s.
Political changes instituted in 1977 in Sri Lanka, have lead to economic policies that allowed the
importation and application of agrochemicals on a large scale, especially for paddy farming.
The low concentration of a cumulative nephrotoxin and its bioaccumulation could have taken
12–15 years to cause damage to the kidneys leading up to the level of clinically identifiable CKD.
The increase in prevalence of CKDu and the shifting of age at diagnosis to younger age groups over
the years are highly suggestive of the cumulative nature of the toxin. Furthermore, a comparatively
low amount of agrochemicals has been used in the Northern Province of Sri Lanka, primarily due to a
prohibition imposed by the government in this province. The prohibition was due to the potential of
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these agrochemicals being used in the production of Improvised Explosive Devices (IEDs).
These IEDs were used abundantly by armed groups of the terrorist movement that plagued the country
until 2009 for causing mass destruction. This is the explanation for the fact that CKDu is still not
prevalent in the farming areas of the Northern Province of Sri Lanka where the ground water hardness
has remained high. Based upon these observations, here we summarizes the expected properties of the
chemical Compound “X” that is hypothesized as the incriminating agent of CKDu.
(a) A compound made of recently (2–3 decades) introduced chemicals to the CKDu endemic area.
(b) Ability to form stable complexes with hard water.
(c) Ability to capture and retain arsenic and nephrotoxic metals and act as a “carrier”
in delivering these toxins to the kidney.
(d) Possible multiple routes of exposure: ingestion, dermal and respiratory absorption.
(e) Not having a significant first pass effect when complexed with hard water.
(f) Presenting difficulties in identification when using conventional analytical methods.
The present authors have continuously searched for a possibility of Compound X over the time
period of interest and noticed that aminophosphonic acid or aminophosphonate (known by the
common chemical name glyphosate) is the most widely used herbicide in the contemporary world [17]
as well as in Sri Lanka. The amount of glyphosate exceeded the sum of all other pesticides imported
into Sri Lanka in 2012 (Table 1) [18]. The former Stauffer Chemical Company (Westport, CT, USA)
initially obtained a patent for aminophosphonic acid as a chelating agent, wetting agent and
biologically active compound [19]. Glyphosate was initially used as a descaling agent to clean out
calcium and other mineral deposits in pipes and boilers of residential and commercial hot water
systems. Descaling agents are effective metal binders, which grab on to Ca, Mg, etc. ions and make the
metal water soluble and easily removable. Later, the Monsanto Company has acquired the chemical
from Stauffer and obtained a patent for aminophosphonate for its herbicidal properties [20].
Table 1. Leading Pesticides imported to Sri Lanka in 2012.
Rank
01
02
03
04
05
06
07
08
09
10

Pesticide
kg or L Approved for Import
Glyphosate (acid equivalent)
5,295,082
Propanil
995,310
MCPA
686,375
Mancozeb
671,504
Chlorpyrifos
420,008
Carbofuran
299,000
Diazinon
196,735
Profenofos
140,768
Carbosulfan
107,000
Pretilachlor + Pyribenzoxim
102,297

2.1. Glyphosate
Glyphosate or N-(phosphonomethyl)glycine is the aminophosphonic acid analog of the natural
amino acid glycine. It was supposed to be first synthesized by Henri Martin in 1950 [21].
The name glyphosate is derived from the word [Gly]cine [phos]phon[ate]. The Monsanto Company
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acquired another patent for the phytotoxicant properties of N-(phosphonomethyl) glycine [22].
Glyphosate was quickly adopted by almost all farming communities throughout the World and was
hailed as the magical total weed killer. In fact, glyphosate was acclaimed as the pesticide of the turn of
the millennium and as the most significant chemical in modern agriculture [21]. Glyphosate is a
compound with an amphoteric and zwitterion structure containing a basic secondary amino function in
the middle of the molecule, monobasic-carboxylic and dibasic phosphonic acidic sites at both ends,
hence having three functional groups, phosphonate, amino and carboxylic [23] (Figure 2). A zwitterion
is a neutral molecule with positive and negative electrical charges at different locations within the
same molecule. It is different from simple amphoteric compounds that might only form either a
cationic or anionic species depending on external conditions—a zwitterion simultaneously has both
ionic states within the same molecule [24].
Figure 2. Structure of glyphosate molecule and its functional groups.

Further, glyphosate contains both hydrogen cation donor and acceptor functional groups and has
excellent water solubility 12,000 mg/L [25]. The generally accepted mechanism of action of glyphosate is
that it inhibits the enzyme 5-enolpyruvyl-shikimate-3-phosphate synthase (EPSPS) of the shikimate
pathway in the biosynthesis of tryptophan, phenylalanine and tyrosine (aromatic amino acids) [26].
This pathway is present in plants, fungi and bacteria, but not in animals. Apart from the excellent water
solubility and basipetal translocation ability (capability of transportation in the plant from the leaves
towards the stem) [21] glyphosate is considered as the best herbicide ever discovered as it is readily
degraded to non-toxic degradation products [27]. However, these claims have been debated and
Monsanto Company was fined in a legal case with New York Attorney General’s office in 1996 as it
had inaccurately represented the toxicological data of the glyphosate in its formulated product
“Roundup”. In this case the Monsanto Company agreed to leave out the description of being
“environmentally friendly and biodegradable” from its advertisements [28].
The stability of glyphosate in water or soil depends on several factors. It interacts strongly with soil
components by forming stable complexes with metal ions. Adsorption is strongly influenced by cations
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associated with the soil [29] as it is mainly the phosphonic acid moiety that participates in this process.
Therefore, phosphate, which is a component of most fertilizers, competes with glyphosate in soil
adsorption [30]. The typical half life of the glyphosate was found to be 92 days in water and 47 days in
soil [31,32]. However, the absorption of chelating agents or metals has been shown to decrease the
biodegradability of glyphosate (Figure 3) [23,27,33–35]. Radioactive 14C-glyphosate studies have
shown that half-life can increase up to 7 years [36] or even up to 22 years [37] in the soil. Glyphosate
is a dianion in moderately buffered soils and water systems when the pH is higher than 6.5. This
suggests that under such conditions glyphosate will form strong complexes with metal ions [35]. The
increased solubility of its alkali metal glyphosate can leach into deep soil layers [38]. Further, it has
been shown that amino methyl phosphonic acid (AMPA) the primary metabolite of glyphosate is more
mobile in the soil than the parent compound [39,40]. Detection of glyphosate in the laboratory is very
difficult due to its ionic character, high polarity, high solubility in water, low volatility, insolubility in
organic solvents and strong complexion behavior [41].
Figure 3. Degradation pathways of glyphosate in normal water and in hard water.

2.2. Glyphosate-metal Complex (GMC)
Glyphosate-hard water/Ca/Mg interaction has been the subject of many scientific studies.
The negative influence of hard water on the herbicidal properties of glyphosate is a well-identified
problem in terms of the efficacy of its weed control [35,42–47]. Several measures have also been
identified to overcome the antagonism of spray carrier water hardness of glyphosate [48,49].
These strategies mainly depend on the stability of GMC in different pH values. Usually this GMC is
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stable in basic media and unstable in acidic media. Smith and Raymond 1987 [50] have studied the
solid state and solution chemistry of calcium glyphosate. They have isolated the polymeric chemical
structure of the compound by using single crystal X-ray diffraction. All the adsorption,
photodegradation and biodegradation processes of glyphosate are modified by the presence of metal
ions [51]. Nuclear magnetic resonance (NMR) studies done by Thelan et al indicate the hard water
cations Ca and Mg interact with both phosphonate and carboxyl functional groups of the glyphosate
molecule [46]. Further, they have shown that over time, the association of the cations with glyphosate
progress to a more structured chelate stable orientation. Glyphosate not only forms stable complexes
with Ca and Mg, but also with many other divalent and trivalent metallic cations (Figure 4).
Caetano et al. [52] assessed the stability of glyphosate—metal complexes and found that the strength
of the stability of divalent cations is in the order, Zn > Cu > Ca > Mg and for trivalent cations,
Co > Fe > Cr > Al, respectively. In the same study, the authors extensively studied the stability of
tetrahedral and octahedral glyphosate-metal complexes as well.
Figure 4. Structures of complexes formed by (a) one molecule (b) two molecules of
glyphosate and metal.

When we go back to the CKDu situation in Sri Lanka and hypothesize that glyphosate is
“Compound X”, we can explain almost all of the above-mentioned observations coherently. It provides
rational answers for the geographical distribution of the CKDu and the appearance of the disease in the
mid-1990s. Glyphosate and its primary metabolite AMPA can directly leach into the ground water and
easily chelate to Ca, Mg and Sr copiously present in ground water in the North Central Province and
adjacent rice paddy farming areas in the Sri Lanka. Many farmers use hard water to dissolve
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glyphosate to prepare the spraying solutions as well. Further it is reported that rice paddy farming soil
in CKDu endemic area is rich with Ca, Mg, Fe, Cr, Nickel (Ni), Co and other metals [53,54].
It can easily combine with glyphosate and form complexes, which later leach into the ground water.
Ferric ions also play a significant role in the process of adsorption of glyphosate and AMPA in soil [55].
Furthermore, within a couple of weeks after the spraying of glyphosate farmers apply triple phosphate
(TSP) to the paddy fields. Recent findings have shown that the TSP available in Sri Lanka is
contaminated with significant amounts of Cd, Cr, Ni and Pb [54]. Divalent cations of these nephrotoxic
metals are capable of forming stable compounds with glyphosate [35]. Furthermore, it was also found
that TSP used in Sri Lanka is a very rich source of arsenic [56].
Other modes of ingestion of glyphosate are dermal and respiratory. Low levels of glyphosate have
frequently been detected in the urine of farm workers shortly after the glyphosate application [57].
Farmers in Sri Lanka spray pesticides manually under hot climatic conditions. Glyphosate preparations
are easily dissolved in sweat and absorbed transdermally [58]. As the majority of farmers do not use any
protective gear, absorption through the respiratory route may also play a significant role. Rice is the
staple diet of farmers. Recent findings have revealed that rice, vegetables and raw tobacco available in
the CKDu endemic areas are contaminated with Cd and As [2]. Chewing of betel with tobacco is a
common practice among farmers in Sri Lanka. The phosphorous atom in the phosphonic group in the
glyphosate/AMPA molecule can possibly be replaced by As [59,60]. Following dermal and respiratory
absorption of glyphosate, it can form complexes with nephrotoxic metals and As derived from rice,
vegetables and tobacco within the circulation. As such, we can identify three potential sources of
glyphosate/AMPA-metal complexes:
(a) [Glyphosate/AMPA + Ca/Mg/Fe/Sr ] complex in drinking water.
(b) [Glyphosate/AMPA + Cd/Cr/Ni/Co/Pb/Vanadium (V) or As] complex in food.
(c) [Glyphosate/AMPA coming from dermal/ respiratory route] + low amount of [metals/As]
from water and foods, here the complex is formed within circulation.
Helfter Enterprises, Inc. now doing business as Advanced Biological Concepts has proposed a
structure for glyphosate matrix [61], while Caetano and coworkers [52] have developed a more
advanced and comprehensive structure for glyphosate metal complexes. The latter group has used
density functional theory (DFT) molecular modeling methods to evaluate structural thermodynamic
and electronic effects that govern the complexion between glyphosate and metals. With the permission
of both groups of authors, we used these structures to propose a glyphosate-metal lattice to explain the
possible role played by glyphosate, hardness, As and other nephrotoxic metals in the pathogenicity of
CKDu in Sri Lanka (Figure 5).
This hypothesis also explains the observation of increased ground water hardness in paddy farming
areas in Sri Lanka. Various divalent and trivalent metal glyphosate compounds accumulate in ground
water over the years and made ground water more hard and distasteful. Natural springs located in the
CKDu endemic area are devoid of high Ca and Mg content, hence these natural springs do not retain
glyphosate. In light of this explanation, it is reasonable to hypothesize that glyphosate-metal complex
plays a major role in the CKDu disease process. It explains why CKDu is not present among people
who drink natural spring water or surface water in the disease endemic area. Also the limited use of
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herbicide and chemical fertilizers in the northern region over the last few decades may be the reason
for lack of CKDu there despite the consumption of hard water by the inhabitants in this area.
Figure 5. Structure of glyphosate-metal-arsenic lattice.

2.3. The Nephrotoxicity of Glyphosate-metal/As (GMA) Lattice
The next important question to be answered is whether the glyphosate-metal complex is
nephrotoxic or not. Nephrotoxicity of As, Cd and other heavy metals is a known fact [62].
Many studies have been conducted to assess the activity of Ca-glyphosate, Mg-glyphosate behavior in
soil water and in plants [38]. The majority of them have been targeted to overcome the antagonistic
ability of Ca/Mg on glyphosate [63]. Although glyphosate has a history of more than 40 years of usage
as an herbicide and it has been almost 50 years since the identification of hardness-aminophosphonic
acid reaction, none of the available studies has focused on the animal or human health effects of
hardness-glyphosate complex. However, glyphosate alone has been the subject of several animal studies.
Jiraunghoorskul et al. [64] described changes in proximal tubular cells of Nile Tilapia exposed to
glyphosate. Ayoola [65] has shown the development of hematopoietic necrosis and severe
pyknotic nuclei, dilatation of bowman’s space, accumulation hyaline droplets in tubular epithelial cells
in the proximal tubule and degenerated tubules in juvenile African catfish exposed to glyphosate.
Seralini and others [66] have shown in a long term study that glyphosate increased serum creatinine,
blood urea and reduced the weight of kidneys of rats who were fed with glyphosate exposed maize.
Tizhe et al. [67] have provided further confirmation that oral exposure of glyphosate increases blood
urea levels and lead to renal dysfunction in rats. Larsen et al. [68] have described the glutathione
peroxidase dependent reduction of cumenehydroperoxide in kidneys of rats exposed to glyphosate in
drinking water. Kruger et al. [69] has shown a similar nephrotoxic effect in dairy cows exposed to
glyphosate. Although EPSPS and the shikimate pathways are not present in animals, the inhibition of
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other pathways such as cytochrome p450 and aromatase is the possible explanation of genotoxic [70]
and teratogenic [71] activity of glyphosate and the dose dependent effects of round up on human
embryonic and placental cells [72]. Glyphosate has also been documented to induce apoptosis and
necrosis in human umbilical, embryonic and placental cells [73] and cause endocrine disruptive effects
on human cell lines [74].
2.4. Compound X-elusiveness of Detection by Standard Tests
Persistence of glyphosate in water have previously been reported [75,76]. In a recent study done in
Catalonia, Spanish researchers reported that glyphosate was present above the limits of detection in
41% of the ground water samples obtained from areas where intense agricultural activities had taken
place [77]. Another Spanish study has shown that certain chelating agents when present in ground
water can produce false negative results for glyphosate tests, however, the same phenomenon was not
observed in the case of surface water [78]. These researchers found that acidification of ground water
samples to a level of pH 1 can lead to significant changes in the final readings of the glyphosate tests.
Difficulty in the analysis of glyphosate and AMPA in the presence of multivalent cations was
demonstrated in a study done in France [79]. In this study, investigators have shown that only the free
forms of glyphosate and AMPA are sensitive to analytical methods and exact concentration is
underestimated particularly in ground water. In Europe 0.1 g/L is administratively set as the upper
tolerable level for all the pesticides, including glyphosate in drinking water [80].
2.5. Lack of a Significant First Pass Effect
Once the glyphosate-metal-As lattice enters the circulation it may bypass the normal liver
detoxification process. Usually divalent metal transporter-1 (DMT-1) mediates absorption of heavy
metals in the small intestine [81]. Thereafter, it is transported to the liver and binds with
metallothioneins (MTs)—a protein with high content of cystine [82]. The main function of MTs is to
transfer heavy metals to various metalloproteins, transcription factors, and enzymes [83].
Here, we hypothesize that the liver cannot metabolize the GMA lattice due to its unique configuration.
The structure of cystine closely resembles that of glycine [84]. Glyphosate/AMPA is the
aminophosphonic analog of the natural amino acid glycine [21]. As the heavy metals are already
bound to glyphosate/AMPA the binding sites that would have normally attracted MTs are already
occupied. As such, these GMA complexes pass through the liver without a significant first pass effect.
This assumption also explains the normal liver enzyme levels and minimal ultrasonic changes in the
liver of patients with CKDu. Once GMA lattice reaches the kidney, the glomerular-proximal tubular
area provides a distinctive microenvironment conducive to the breakdown of the lattice. Differences in
the pH and the presence of various metabolic products provide this background. Kidneys excrete
50–100 meq/day of non-carbonic acid generated daily. This is achieved by H+ ion secretion at different
levels in the nephron. The entire daily acid load cannot be excreted as free H+ ions. Secreted H+ ions
are excreted by binding to either buffers, such as HPO42 and creatinine, or to NH3 to form ammonium
ions (NH4+). Ammonium is produced from glutamine in the proximal tubule [85–87].
NH+4 ions have been used for many decades by agricultural experts to minimize the binding of
glyphosate to hard water which effectively decreases the availability of the active weedicide [88].
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Further, in analytical chemistry acidification is used as an effective dissociation method of
glyphosate/AMPA complexes to obtain free forms [78]. Therefore, we have further hypothesized that
this high concentration of the NH+4 ions that releases the heavy metal from the GMA lattice in the
proximal tubular area.
When lattice is broken down, it releases metals and arsenic. Excessive amount of glyphosate/AMPA
and As may start the damage to the glomeruli while As, Cd, Cr, Ni, Co, Pb, V are reabsorbed up to a
certain extent at the proximal tubules resulting in further tubular damage. Long-term exposure to these
substances causes oxidative stress, nitrosative stress, apoptosis and necrosis [89–91] in the glomerular
and proximal tubular cells. Glomerular sclerosis, glomerular collapse and tubular interstitial damage
are the result of these pathological mechanisms (Figure 6). Several animal studies have already
demonstrated the reduction of GFR in chronic toxin (adriamycin) induced nephropathy associated with
the development of both tubulointerstitial nephritis and glomerular sclerosis [92]. Furthermore,
Javaid and coworkers [93] have shown that the reduction of GFR is closely correlated with the extent
to which glomeruli are no longer connected to the normal tubules. They suggest that a local extension
of glomerular injury to destroy the tubular neck is an important cause of loss of renal functions.
If we apply the same model to CKDu this explains the comparatively low level of urinary excretion of
creatinine, As, Cd, Cr, Ni, Co, V and glyphosate by CKDu patients (Cases) when compared to healthy
individuals in the same family or living in the same endemic area (Controls) (unpublished data
produced at the California State University, Long Beach, CA, USA). Presence of high levels of As and
Cd in nail and hair samples of CKDu cases as compared to the controls [1,2] is confirmatory evidence
of the exposure and accumulation of As and Cd in the body as the kidneys become increasingly
incapable of excreting them. Destruction of the tubular necks following long term exposure to GMA
lattice also brings about a sudden decrease of renal functions in the later stages of the CKDu which
result in the death of the patient if dialysis or renal transplantation is not done.
3. CKDu Elsewhere
A CKDu epidemic very similar to that of Sri Lanka has been identified among the paddy farmers in
Andra Pradesh—a southeastern province of India [94]. These authors reported that ground water is the
only available water source in Uddanam and Chikamurthy, two of the areas with the highest
CKDu prevalence. Analysis of samples of drinking water revealed that metal ions and trace elements
in drinking water were within allowable limits, and thus not expected to lead to any deleterious effects
on human health. However, in these findings it was clearly shown that the total hardness, Ca, Mg and Sr
values are quite high. Especially in Chikamurthy area, some of the drinking water samples exceed
1,000 mg/L of total hardness. The authors may not have paid enough attention to this finding as
hardness is not identified as a nephrotoxin or as causing significant human health problems,
apart from being a suggested risk factor for exacerbation of eczema [13]. This is exactly the same
situation that happened in Sri Lanka. The Sri Lanka Ministry of Health and the WHO conducted a joint
investigation and an evaluation of CKDu in Sri Lanka from 2008 to 2013. In the third progress report
of the WHO handed over to the Ministry of Health Sri Lanka on 19 February 2012, it has been mentioned
that the waters in the 99% of the sources used by patients with CKDu are hard to very hard [95]. However,
this factor has not received any further attention when the WHO and the Ministry of Health produced
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their final scientific publication [2]. The inability to detect glyphosate-metal complexes using the
commonly used analytical methods may have deterred the investigators in both Sri Lanka and Andra
Pradesh from looking further into the role of these compounds in CKDu.
Figure 6. GMA lattice hypothesis in summary.

An epidemic of tubular nephropathy has been identified among young male farm workers in
sub-regions of the Pacific coasts of the Central American (CA) countries of El Salvador, Nicaragua
and Costa Rica [96,97]. Like the Sri Lankan and Indian scenarios, the etiology is not linked to the most
frequent causes of CKD such as diabetes mellitus and hypertension. Rubio et al. [98] estimated a death
toll of at least 20,000 in the CA region for the last two decades. In El Salvador, hospitalization for
CKD increased by 50 percent from 2005 to 2012 and today, it has become the leading cause of
hospital deaths. A total of 39,000 of hospitalized cases of CKDu in El Salvador were reported,
while 1,474 of them were below the age of 20 years [99]. Clinical, biochemical and histopathological
characteristics of CKDu in both Sri Lanka and CA shares a very similar pattern [100].
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Therefore, it’s logical to argue that the etiologies in both regions could have many commonalities.
The disease is common in sugarcane cultivating areas in CA where some of them previously used to
grow cotton [101]. Both sugarcane and rice belong to the grass family and need a comparatively higher
amount of agrochemicals in large-scale cultivation [102]. Glyphosate is the leading pesticide used in
El Salvador as well [103]. If we apply the same hypothesis to explain the CKDu in CA it can logically
explain the occurrence of disease among male farm workers in pacific coastal line. The CA Pacific
coastal line belongs to the volcanic belt [104,105]. In this region soil and groundwater naturally
contain high amounts of metals and As [106]. These levels of As could be additive to the As which
originated from fertilizers and agrochemicals as pesticides with inorganic As were commonly used in
cotton cultivation. When sugarcane became the leading crop in the Pacific coastal line
after 1990s [107], this crop could have used huge amounts of glyphosate, 2,4-D and other pesticides.
These conditions make it highly the suitable for the formation of a GMA lattice in ground water and
soil with the consequent bioaccumulation in people living in this area. The El Salvador National
Institute of Health also confirmed that the water from shallow wells had been the main drinking water
source for the majority of CKDu patients in the country. Furthermore, they have detected significant
amounts of hardness, As and heavy metal levels in their water samples [108].
4. Glyphosate as “Compound-X”—Available Evidence and Areas for Further Research
To prove that glyphosate is the “Compound-X” that chelates with calcium and the other metals to
become the causative agent of CKDu, one has to establish a clear chain of evidence. The first link in
this chain is a well-established fact as shown earlier–that is, glyphosate is a strong metal chelator
(for Ca, Mg, Sr, Cd, Cr, Ni, Co, Pb); It is immobilized in soil by chelating with soil cations;
It persists and accumulates in soil and plants for extended periods (years)–therefore, these immobilized
chelates can contaminate the water table.
The second link in the hypothesis is to confirm that the water from the wells which the
CKDu patients have used is contaminated with glyphosate and metal ions. In another study that is
ongoing at California State University, Long Beach, CA, USA we have tested water samples (n = 50)
from these contaminated wells and found that almost all of them contained glyphosate with high
content of Ca and other metals. The authors had to use a special Enzyme Linked Immuno-Sorbent
Assay (ELISA) test to detect these glyphosate-metal complexes, as they are not amenable to the
conventional analytical methods. Glyphosate and heavy metals were also found in the urine of both
CKDu patients as well as the control subjects who lived in the CKDu endemic area. This is not
surprising as most of the controls drank water from the same wells. Therefore, we have confirmatory
proof on the ingestion of these complexes in drinking water and excretion of components of the
complex in urine. The manner in which the glyphosate metal complexes are absorbed through the
intestines needs further research, perhaps beginning with animal models. None of the CKDu patients
(n = 125) showed any significant elevation of liver enzymes or ultrasound evidence of detectable liver
pathology. This is the best evidence that we have so far about the escape from the first pass
metabolism by the glyphosate metal complexes. This is the same reason why we see more renal
manifestations in As poisoning of CKDu patients. However, we occasionally see the classic cutaneous
and liver manifestations only in some CKDu patients with advanced renal damage [1].
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Acquavella et al. [57] have demonstrated how the glyphosate excretion increased in 48 farmers and
their families after spraying. However, they have not separately assessed the contributions of the
dermal and respiratory routes of exposure. Further research should be undertaken to study how
glyphosate is absorbed into the circulation through dermal and respiratory routes, particularly after
spraying the pesticide.
The third link in this hypothesis is how the glyphosate metal complex contributes to renal damage.
From current renal physiology it is well known that ammonium ions are generated in proximal tubule.
In fact, this is the principle component of the acid excretion of the kidney [109]. It is also well known
from USA studies that ammonium sulphate is used as a buffer to release glyphosate bound to metal
ions [88]. Therefore, it is plausible to assume that this same mechanism is in effect in the proximal
tubule. However further research including renal biopsies and animal studies are necessary to confirm
that this is actually the same mechanism that is at work within the renal tubules.
5. Conclusions
CKDu, the major health issue in the rice paddy farming areas in Sri Lanka, has been the subject of
many scientific and political debates over the last decade. Although there is no agreement among
scientists about the etiology of the disease, a majority of them have concluded that this is a toxic
nephropathy. None of the hypotheses put forward so far could explain coherently the totality of
clinical, biochemical, histopathological findings, and the unique geographical distribution of the
disease and its appearance since the mid 1990s.
The strong association of the consumption of hard water and occurrence of CKDu has been
subjected to many discussions among investigators, but none of the available theories could explain
this relationship coherently. Here we have explained the association by using glyphosate,
the most widely used herbicide in the disease endemic area. The strong metal chelating property of
glyphosate and related compounds is a well-known fact. However, the human health effects of
glyphosate-metal complexes have not been given any serious consideration by investigators for last
four decades. Huge advertising campaigns by glyphosate as the best ever herbicide discovered by
mankind, reiteration of the easily degradable nature of the original compound in a natural environment
and the difficulties in the laboratory detection may have been the reasons for this delay. Results being
produced through the current study that is ongoing in the California State University, Long Beach are
highly supportive of this hypothesis. Stability of glyphosate metal complexes in various environmental
conditions and nephrotoxic properties of the compound should be the subjects of further investigation.
The GMA lattice hypothesis gives rational and consistent explanations to the many observations
and unanswered questions associated with the mysterious kidney disease in rural Sri Lanka.
Furthermore, it may explain the similar epidemics of CKDu observed in Andra Pradesh, India and
Central America. Although glyphosate alone does not cause an epidemic of chronic kidney disease,
it seems to have acquired the ability to destroy the renal tissues of thousands of farmers when it forms
complexes with a localized geo environmental factor (hardness) and nephrotoxic metals. It is logical to
find out other agricultural areas in the World where excessive use of glyphosate and drinking ground
water with high hardness and the contamination of ground water and food with nephrotoxic metals
have overlapped in causing kidney damage.
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Glyphosate Residues in UK Food 2011
October 2012

This briefing examines reported glyphosate residues in UK foods sampled in 2011 as part of the
Pesticides Residues monitoring overseen by the Expert Committee on Pesticides Residues in food
(PRiF)i. Where possible the timing of the glyphosate application is noted.
Recent research in Franceii showed increases in numbers of tumours, as well as liver and kidney
abnormalities, in rats fed GM maize and glyphosate in a two-year feeding trial. The study exposes
the potential impacts of long-term exposure to GM Roundup Ready maize and glyphosate.
People and farm animals can be exposed to glyphosate residues in their food and feed. Some
uses of the world’s most widely-used weedkiller significantly increase the chance and level of
exposure, including:
•
•

GM crops tolerant to glyphosate (marketed as Roundup Ready, or RR, soya, maize, oilseed
rape and cotton) can be sprayed numerous times during the growing season.
Dessicating cereals, oilseed rape and legumes (eg, peas and lentils) close to harvest.

Glyphosate Residues in UK Food 2011
Food sampled, date
of purchase

Whole wheat flour, UK
January-March 2011
Rice, Italy import
April-June 2011
Ordinary bread, UK
April-June 2011
Ordinary bread, UK
April-June 2011
Wholemeal bread, UK
April- June 2011
Ciabiata bread, UK
April-June 2011
Pitta bread, UK AprilJune 2012
Tinned lentils, UK
manufacture JulySeptember 2011
Tinned pulses, UK
manufacture JulySeptember 2011
Tinned pulses, EC
manufacture JulySeptember 2011
White bread, UK
September-October
2011

Number of
samples
with/without
glyphosate
residues
2/3

MRL*
mg/kg

No time
MRL
exceeded

Maximum
recorded
range
mg/kg

Comments

None

N/a

1.1/0.1-1.1

1/6

1 at same
level

0.1

1/19

0.1 (set at
limit of
detection)
None

Probably crop
desiccation
Uncertain
glyphosate use

n/a

0.4

7/28

None

n/a

0.2/0.1-0.2

4/13

None

n/a

0.9/0.1-0.9

2/2

None

n/a

1/7

None

n/a

0.2/0.2(both
)
0.3

3/21

1

0.5/0.1-0.5

None/21

0.1 (set at
limit of
detection)
10

None

n/a

1/3

10

None

0.3

8/34

None

n/a
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1

11
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2

1
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Conclusions
Glyphosate residues were found in two food types in 2011 (bread and lentils/pulses). No maximum
residue level (MRL) has been set for glyphosate in bread – a major oversight given the use of the
chemical to desiccate wheat crops prior to harvest. Wholemeal bread appears to have higher
residues than other breads, but the sample is too small to draw any fine conclusions.
Lentils are another matter. The MRL for lentils was breached 16 times in 54 samples in 2011.
Other dried beans and pulses also breached their MRLs.
The problem in wheat and pulses appears to be the use of glyphosate to desiccate the crop prior
to harvest. Monsanto is attempting to get the EU’s MRL for lentils raised by between 100 and 150
times to ensure that it’s crops can meet the MRL in future. The company previously gained a
similar increase in the MRL for soybeans raising it from 0.1 mg/kg to 20 mg/kg to facilitate its use
both as a desiccant and on RR varieties.
The priority for regulators should be protecting public health. The accumulating evidence that
glyphosate/Roundup is responsible for health problemsiii suggests there should be an immediate
prohibition on its use on growing crops and a review of all the MRLs to minimise exposure via food
and feed.
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Glyphosate, pathways to modern diseases IV: cancer and related pathologies
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Glyphosate is the active ingredient in the pervasive herbicide, Roundup, and its usage,
particularly in the United States, has increased dramatically in the last two decades, in step with
the widespread adoption of Roundup®-Ready core crops. The World Health Organization
recently labelled glyphosate as “probably carcinogenic.” In this paper, we review the research
literature, with the goal of evaluating the carcinogenic potential of glyphosate. Glyphosate has a
large number of tumorigenic effects on biological systems, including direct damage to DNA in
sensitive cells, disruption of glycine homeostasis, succinate dehydrogenase inhibition, chelation
of manganese, modification to more carcinogenic molecules such as N-nitrosoglyphosate and
glyoxylate, disruption of fructose metabolism, etc. Epidemiological evidence supports strong
temporal correlations between glyphosate usage on crops and a multitude of cancers that are
reaching epidemic proportions, including breast cancer, pancreatic cancer, kidney cancer,
thyroid cancer, liver cancer, bladder cancer and myeloid leukaemia. Here, we support these
correlations through an examination of Monsanto’s early studies on glyphosate, and explain how
the biological effects of glyphosate could induce each of these cancers. We believe that the
available evidence warrants a reconsideration of the risk/benefit trade-off with respect to
glyphosate usage to control weeds, and we advocate much stricter regulation of glyphosate.
Keywords: cataracts, CYP 450 enzymes, glyphosate, gut microbiome, interstitial disease,
kidney cancer, non-Hodgkin’s lymphoma, pancreatic cancer
1. INTRODUCTION

Glyphosate is the active ingredient in the pervasive
herbicide, Roundup. Its usage on crops to control weeds
in the United States and elsewhere has increased
dramatically in the past two decades, driven by the
increase over the same time period in the use of
genetically modified (GM)1 crops, the widespread
emergence of glyphosate-resistant weeds among the GM
crops (necessitating ever-higher doses to achieve the
same herbicidal effect), as well as the increased adoption
of glyphosate as a desiccating agent just before harvest.
GM crops include corn, soy, canola (rapeseed) and sugar
beet [1]. Crop desiccation by glyphosate includes application
to non-GM crops such as dried peas, beans and lentils. It
should be noted that the use of glyphosate for pre-harvest
staging for perennial weed control is now a major crop
management strategy. The increase in glyphosate usage
in the United States is extremely well correlated with the
concurrent increase in the incidence and/or death rate of
multiple diseases, including several cancers [1]. These
include thyroid cancer, liver cancer, bladder cancer,
pancreatic cancer, kidney cancer and myeloid leukaemia,
as shown in Table 1, reproduced from [1]. The World
*
**

1

Health Organization (WHO) revised its assessment of
glyphosate’s carcinogenic potential in March 2015,
relabelling it as a “probable carcinogen” [2, 3].
Table 1. Pearson’s coefficients between time trends in various
cancers and glyphosate applications to corn and soy crops,
over the interval from 1990–2010, along with corresponding
P-values, as determined from hospital discharge data and
death data maintained by the US Centers for Disease Control
(CDC). Table adapted from Swanson et al. 2014 [1].
Disease
Thyroid cancer (incidence)
Liver cancer (incidence)
Bladder cancer (deaths)
Pancreatic cancer (incidence)
Kidney cancer (incidence)
Myeloid leukaemia (deaths)

R

P

0.988
0.960
0.981
0.918
0.973
0.878

7.6 × 10–9
4.6 × 10–8
4.7 × 10–9
4.6 × 10–7
2.0 × 10–8
1.5 × 10–6

Sri Lanka’s newly elected president, Maithripala
Sirisena, banned glyphosate imports as one of his first
acts following election. This action was based on studies
by Jayasumana et al. that provided compelling evidence
that glyphosate was a key factor in the chronic kidney
disease that was affecting an alarming number of young
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agricultural workers in the northern region [4, 5], and was
probably further motivated by the WHO reevaluation of
its carcinogenic potential. Kidney disease is a risk factor
for multiple cancers, with kidney dialysis being associated
with increased risk of Kaposi’s sarcoma by more than
50-fold, with 3- to 10-fold increased risk of kidney cancer,
and 2- to 9-fold increased risk of thyroid cancer. Many
other cancers also show more modest risk increases [6].
A study of rats fed GM maize and/or Roundup in
their water over their entire lifespan revealed significantly
increased risk of massive mammary tumours in the
females, along with kidney and liver damage in the males
[7]. Most of the tumours were benign, but there were
three metastases (in female animals) and two Wilm’s
tumours found in the kidneys of males, which had to be
euthanized early due to the excessive tumours, which
grew to more than 25% of their body size. The exposed
animals also had a shortened life span compared to the
controls.
The hormone oestrogen was declared to be a human
carcinogen by the National Toxicology Program in 2003
[8]. Glyphosate has been demonstrated to have
oestrogenic effects at minute dosages, in in vitro
experiments on mammary tumour cells [9]. Glyphosate
was able to induce proliferation in these cells in
concentrations of parts per trillion,2 and it did so through
binding affinity to the oestrogen receptor and inducing
activation of the oestrogen response element (ERE). The
fact that an oestrogen antagonist, ICI 182780, could inhibit
glyphosate’s action demonstrated rather conclusively that it
was mediated through oestrogen mimicry.
Traditional concepts in toxicology are centred on
Paracelsus’ dictum that “the dose makes the poison”,
meaning that one should expect an increasing risk of
toxicity as the level of exposure is increased. However,
the generality of this concept has been challenged due to
the realization that endocrine-disrupting chemicals
(EDCs) often show a greater potential to cause cancer at
very low doses than at higher doses; i.e., the relationship
between dose and response is nonmonotonic, with higher
doses producing a lower toxic effect than lower doses. In
fact, levels of exposure well below the lowest level used
in standard toxicology studies can be carcinogenic, as
discussed by Vandenberg et al. [10]. These authors
concluded their abstract as follows: “We illustrate that
nonmonotonic responses and low-dose effects are
remarkably common in studies of natural hormones and
EDCs. Whether low doses of EDCs influence certain
human disorders is no longer conjecture, because
epidemiological studies show that environmental
2

U.S. trillion, i.e. 1012.
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exposures to EDCs are associated with human diseases
and disabilities. We conclude that when nonmonotonic
dose-response curves occur, the effects of low doses
cannot be predicted by the effects observed at high doses.
Thus, fundamental changes in chemical testing and safety
determination are needed to protect human health.”
Glyphosate is toxic to many microbes as well as to
most plants, and one likely effect of chronic low-dose
oral exposure to glyphosate is a disruption of the balance
among gut microbes towards an over-representation of
pathogens [11]. This leads to a chronic inflammatory
state in the gut, as well as an impaired gut barrier and
many other sequelae. It has become increasingly
apparent that chronic inflammation increases cancer risk
and, in fact, many inflammatory conditions, such as
Crohn’s disease, hepatitis, schistosomiasis, thyroiditis,
prostatitis and inflammatory bowel disease are known
cancer risk factors [12].
In this paper, we review the research literature on
glyphosate, with particular emphasis on evidence of
carcinogenic potential, which includes glyphosate’s
induction of metabolic disorders, oxidative stress and
DNA damage, known precursors to cancer development.
We begin with a section that summarizes our own findings
following perusal of large numbers of documents that
were provided to one of us (Samsel) by the US Environmental Protection Agency (EPA), according to the
Freedom of Information Act, which provided detailed
information on Monsanto’s own early experimental animal
studies on glyphosate.
This section motivates and inspires subsequent
sections where we seek to explain the likely mechanisms
by which glyphosate might cause the tumours observed in
Monsanto’s studies as well as explaining the strong
statistical correlations with human cancers. Following a
section that provides direct evidence of DNA damage,
the next four sections discuss metabolic disorders linked
to glyphosate that are known to increase cancer risk,
including succinate dehydrogenase inhibition, glycation
damage, N-nitrosylation, and disrupted glycine homeostasis.
The subsequent eight sections successively address
cancer of the colon, liver, pancreas and kidney,
melanoma, thyroid cancer, breast cancer, and lymphoma.
In each section we provide evidence of a link to
glyphosate from the research literature and propose
plausible explanations for a causal link. We finally
conclude with a summary of our findings.
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4. MONSANTO’S EARLY STUDIES

One of us (Samsel) petitioned the EPA for copies of
documents originating from Monsanto, dating from the
1970s through the 1980s, which described experiments
conducted by Monsanto to evaluate whether glyphosate
is safe for human consumption. In this section, we
provide a summary of our findings related to those
documents, especially with respect to indications of
kidney damage, tumorigenicity, bioaccumulation, and
glyphosate metabolites.
4.1 Kidney damage
Classification of types of kidney damage, which are
indicative of kidney disease, are noted below, based on
information contained in Monsanto’s glyphosate studies
on rats and mice [13–18]. In [13], changes in the kidneys
associated with chronic progressive neuropathy were
noted mostly in males, but also in some female animals of
both control and treated groups. There was also
mineralization and mineralized debris found in the pelvic
epithelium of the kidney, most often in females.
Following submission of the study, the EPA
subsequently asked Monsanto for a histological reexamination of the low- and mid-dose male animals,
which resulted in establishing a no observable effect level
(NOEL). In response, Monsanto submitted an addendum
[14] to the pathology report. The results of the addendum
summarized the examination of the kidneys and found
minimal tubular dilatation accompanied by interstitial
fibrosis in all test groups. Statistically significant
increases in tubular dilatation of the kidney were noted. A
50% increase in changes to the kidney of the low-dose
group and, in the high-dose group, a fourfold increase in
incidence was found compared to the control.
Interstitial renal fibrosis begins with an accumulation
of extracellular matrix proteins, which is the result of
inflammation and injury to the cells, which is found in
every type of chronic kidney disease (CKD). Interstitial
fibrosis is a progressive pathogenesis leading to end-stage
renal failure [19].
The results of the 1981 study [17] further found:
1. Focal tubular hyperplasia, a hyperplasia of the tubular
epithelium of the kidney caused by repeated tubular
damage. It is characterized by an abnormal increase in
the number of cells, which causes enlargement. Tubular
epithelial hyperplasia precedes the pathogenesis of
tubular dilatation in acute tubular necrosis [20].
2. Focal tubular dilation, a swelling or flattening of the
renal tubule, seen as a result of an ischaemic or toxic
event as in pharmaceutical, antibiotic or chemical
poisoning. This leads to acute tubular necrosis, a cause
of acute kidney injury and kidney failure.
JBPC Vol. 15 (2015)

3. Focal tubular nephrosis, a degenerative disease of the
renal tubules of the kidney. This nephrosis is a noninflammatory nephropathy that features damage of the renal
tubules [21].
4. Interstitial mononuclear cell infiltrate characteristic of
inflammatory lesions, which consist of white blood
cells that clear debris from an injury site.
Mineral deposits can be indicative of kidney stones,
which may be calcium oxalate deposits inside the kidney,
as we shall discuss more fully later in this paper.
A 1983 chronic feeding study in mice [16] found a
carcinogenic response to glyphosate in both male and
female mice. There was also an increased incidence of
chronic interstitial nephritis in male animals. The study,
lasting 18 months, involved feeding glyphosate by diet using
concentrations of 1000, 5000 and 30 000 ppm. The
incidence of kidney tumours in the control animals was
0/49, as was also noted in the lowest dose group. However,
the mid-dose and high-dose groups produced incidences of
neoplasms at 1/50 and 3/50 respectively, which caused the
EPA Oncogenicity Peer Review Committee to temporarily
classify glyphosate as a Class C carcinogen.
Monsanto, dissatisfied with the action, consulted
another pathologist who, upon further examination, found
a small tumour in the control. This was followed by the
EPA using a number of pathologists to re-examine
additional kidney sections from the mice to check the
validity of the findings. However, their re-examination did
not find any additional tumours nor confirm the tumour in
the control animal. There were no tumours present in any
additional sections. EPA asked for the decision to be
externally refereed by the Federal Insecticide, Fungicide,
and Rodenticide Act (FIFRA) Scientific Advisory Panel,
who found the results were statistically significant even
after comparing the data to historical controls. However,
the committee agreed to downgrade glyphosate to a Class
D compound, arguing inadequate evidence of oncogenicity,
and further sealed the study as a trade secret of Monsanto.
Non-neoplastic changes included:
1. Renal tubular neoplasms (in male mice; none found in
females);
2. Chronic interstitial nephritis (in males);
3. Renal tubular epithelial basophilia and hyperplasias
(decreased in males, but a dose-related increase
found in females);
4. Proximal tubule epithelial cell basophilia and
hypertrophy (females).
4.2 Tumorigenicity
A 26-month long-term study in rats conducted by Bio/
dynamics revealed multitudes of tumours in glands and
organs [13]. They occurred (from highest to lowest
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incidence) in the following organs: pituitary, thyroid,
thymus, mammary glands, testes, kidney, pancreas, liver
and lungs. Pituitary, thyroid and thymus glands control
body and immune function, and disruption can induce
disease, including cancer. These glands produce many
necessary hormones that control numerous biological
processes. Tumorigenic growth also disrupts functionality
of the glands and organs where the growth occurs. A
Monsanto trade secret document [13] revealed that there
were statistically significant lymphocytic hyperplasias of
the thymus as well as significant C-cell thyroid tumours.
Thymus lymphoid hyperplasia occurs in Graves disease
and thymus hyperplasia is commonly observed with
computed tomography (CT) scans of thyroid cancer
patients [22], and is also associated with autoimmune
disorders such as myasthenia gravis, lupus erythematosis,
scleroderma and rheumatoid arthritis [23].
It should be noted that significant incidence of
tumours was found during these investigations. However,
to create doubt and obscure the statistical significance of
inconvenient findings, which may have prevented
product registration, Monsanto used experimental noise
from 3, 5, 7 and even 11 unrelated study controls to
effectively eliminate results, as needed. In some instances
the experiments’ own control showed 0% incidence of
tumours, while the results for the glyphosate-treated
groups were statistically significant. However, through
the dishonest magic of comparing the findings to data
from unrelated historical controls, they were explained
away as a mystery and deemed not to be related to
administration of the glyphosate.

Using these deviations effectively neutralized the
inconvenient results and thus allowed the product to be
brought to market. Had they not engaged in this
deception, glyphosate may never have been registered for
use. EPA documents show that unanimity of opinion for
product registration was not reached. Not all members of
the EPA glyphosate review committee approved the
registration of glyphosate. There were those who
dissented and signed “DO NOT CONCUR.”3
The EC GLP document [24] notes: “Misdosing and/
or cross-contamination of the test item is always a risk in
animal studies. These problems are usually detected by
the presence of the test item and /or its metabolites in
plasma or other biological samples from control animals.
It is recognized that dietary and topical studies might lead
to a higher level and incidence of contamination of test item
in control animals. However, contamination of biological
samples from control animals has been observed also in
studies using other routes of administration, e.g. gavage,
intravenous, intraperitoneal, subcutaneous or inhalation.
Exposure of the control animals to the test item may
compromise or invalidate the study from a scientific point
of view.”
Thus, these unrelated historical controls were most
likely corrupted studies, whether by technician error,
contaminated water and /or feed, or other mistakes. This
explains Monsanto’s collusion with the EPA and the
subsequent hiding of the data from purview.
Data tables are presented in Tables 2 through 7,
without the use of experimental noise from historical
controls. Only the data results of the experiment are shown.

Table 2. 1981 Bio/dynamics 26-month glyphosate feeding study [17]: interstitial cell tumours of the testes in Sprague
Dawley rats.
Glyphosate dose /mg kg–1 day–1
Terminal sacrifice
All animals

0
0/15 (0%)
0/50 (0%)

3
2/26 (7.69%)
3/50 (6%)

10
1/16 (6.25%)
1/50 (2%)

30
4/26 (15.38%)
6/50 (12%)

Table 3. 1981 Bio/dynamics 26-month glyphosate feeding study [17]. Incidence of kidney focal tubular dilatation (FTD) and
focal tubuler nephrosis (FTN) in Sprague Dawley rats.
Glyphosate dose /mg kg –1 day–1

3

10

30

2/9 (22%)
1/9 (11%)

7/10 (70%)
1/10 (10%)

FTD unilateral
FTD bilateral

2/10 (20%)
0/10 (0%)

3/10 (30%)
2/10 (20%)

FTN unilateral

1/10 (10%)
0/10 (0%)

2/10 (20%)

1/9 (11%)

0/10 (0%)

0/10 (0%)

0/10 (0%)

1/10 (10%)

FTN bilateral

3

0

The practice of introducing “experimental noise” by using data from unrelated historical controls is still in use today, but is
obviously really bad laboratory practice. The European Union Good Laboratory Practice (GLP) Working Group approved a
guidance document for GLP inspectors and test facilities in 2005; it is available at the European Commission (EC) GLP internet
site [24]. The document discusses the responsibilities of the study director and the principles of identifying misdosing as well as
corrective measures.
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Table 4. 1981 Bio/dynamics 26-month glyphosate feeding study [17]: incidence of pancreatic
islet cell tumours in male Sprague Dawley rats.
Glyphosate dose /mg kg –1 day–1

0

3

10

30

Adenomas
Carcinomas

0/50 (0%)
0/50 (0%)

5/49 (10%)
0/49 (0%)

2/50 (4%)
0/50 (0%)

2/50 (4%)
1/50 (2%)

Adenomas and carcinomas
Hyperplasias

0/50 (0%)

5/49 (10%)

2/50 (4%)

3/50 (6%)

3/50 (6%)

2/49 (4%)

1/50 (2%)

0/50 (0%)

Table 5. 1990 Stout & Rueker 24 month glyphosate feeding study [15]: incidence of pancreatic islet cell tumours in male
Sprague Dawley rats.
Glyphosate dose (ppm)
Adenomas
P
Carcinomas
P
Adenomas and carcinomas
P
Hyperplasia
P

0
1/43 (2%)

2000

8000

20 000

8/45 (18%)

5/49 (10%)

7/48 (15%)

0.170

0.018

0.135

0.042

1/43 (2%)

0/45 (0%)

0/49 (0%)

0/48 (0%)

0.159

0.409

0.467

0.472

2/43 (5%)

8/45 (18%)

5/49 (10%)

7/48 (15%)

0.241

0.052

0.275

0.108

2/43 (5%)
0.323

0/45 (0%)
0.236

3/49 (6%)
0.526

2/48 (4%)
0.649

Table 6. 1990 Stout & Rueker 24 month glyphosate feeding study [15]: incidence of thyroid C-cell tumours in male Sprague
Dawley rats.
Glyphosate d ose (ppm)
Adenomas
P
Carcinomas
P
Adenomas and carcinomas
P
Hyperplasia
P

0

2000

8000

20 000

2/54 (4%)

4/55 (7%)

8/58 (14%)

7/58 (12%)

0.069

0.348

0.060

0.099

0/54 (0%)

2/55(4%)

0/58 (0%)

1/58 (2%)

0.452

0.252

1.000

0.518

2/54 (4%)

6/55 (11%)

8/58(14%)

8/58 (14%)

0.077

0.141

0.060

0.060

4/54 (7%)
0.312

1/55 (2%)
0.176

5/58 (9%)
0.546

4/58 (7%)
0.601

Table 7. 1990 Stout and Rueker 24 month glyphosate feeding study [15]: incidence of thyroid C-cell tumours in female
Sprague Dawley rats.
Glyphosate d ose (ppm)
Adenomas
P
Carcinomas
P
Adenomas and carcinomas
P
Hyperplasia
P

2000

8000

20 000

2/57 (4%)

0

2/60 (3%)

6/59(10%)

6/55 (11%)

0.031

0.671

0.147

0.124

0/57 (0%)

0/60 (0%)

1/59 (2%)

0/55 (0%)

0.445

1.000

0.509

1.000

2/57 (4%)

2/60 (3%)

7/59 (12%)

6/55 (11%)

0.033

0.671

0.090

0.124

10/57 (18%)

5/60 (8%)

7/59 (12%)

4/55 (7%)

0.113

0.112

0.274

0.086

In a long-term study conducted by Monsanto between
1987 and 1989 [15], glyphosate was found to induce a
statistically significant (P < 0.05) cataractous lens formation,
highest in male rats. Considerably higher doses of glyphosate,
i.e., 2000, 8000 and 20 000 ppm, were administered to
JBPC Vol. 15 (2015)

low-, mid- and high-dose animals respectively, as compared
to long-term studies conducted on mice and rats in the
early 1980s. Over the course of the study, cataract lens
changes were seen in low-, mid- and high-dosed groups
of both male and female rats. A second pathology
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examination also found statistically significant changes
(see Table 8). The pathologist concluded that there was a
glyphosate-treatment related response for lens changes

to the eyes. Monsanto documents also revealed an
increased incidence of basophilic degeneration of the
posterior subcapsular lens (fibroses) in highly dosed males.

Table 8. Incidence and occurrence of ophthalmic degenerative lens changes by glyphosate [15].
Control

Low-dose

Mid-dose

Male rats

2/14 (14%)

3/19 (16%)

3/17 (18%)

5/17 (29%)

All Animals

4/60 (7%)

6/60 (10%)

5/60 (8%)

8/60 (13%)

At the conclusion and termination of the experiment,
further incidence of degenerative lens changes was
revealed, as shown in Table 8. The ophthalmic examination
yielded no noticeable changes to the control animals (0/15
or 0.0%); however, highly dosed males were significantly

High-dose

impacted as 5/20 (25%), as shown in Table 9. The study
again noted that “the occurrence of degenerative lens
changes in high dose male rats appears to have been
exacerbated by (glyphosate) treatment” [15]. Unrelated
historical controls were used to negate all findings.

Table 9. Data on unilateral and bilateral cataracts (all types) and Y-suture opacities, excluding “prominent
Y suture”, following glyphosate exposure to rats. From Stout & Rueker (1990) [15].
Sex

Group

No. Examined

No. Affected

% Affected

Male

N
1
2
3
N
1
2
3

15
22
18
20
23
24
17
19

0
1
3
5
0
0
1
2

0
5
17
25
0
0
6
11

Female

Stout & Ruecker [15] noted in a two year study with
chronic feeding of glyphosate in rats: “Histopathological
examination revealed an increase in the number of mid-dose
females displaying inflammation of the stomach squamous

mucosa. This was the only statistically significant occurrence of non-neoplastic lesions.” Incidence of lesions of the
squamous mucosa are shown in Table 10. Again, Monsanto
used unrelated historical controls to negate these findings.

Table 10. Lesions of the stomach squamous mucosa in rats chronically exposed to glyphosate at three different
levels (adapted from Stout and Ruecker [15].
Controls
Glyphosate (ppm)

Low

Mid

High

0

2000

8000

20 000

Males

2/58 (3.44%)

3/58 (5.17%)

5/59 (8.47%)

7/59 (11.86%)

Females

0/58 (0.00%)

3/60 (5.00%)

9/60 (15.00%)

6/59 (10.16%)

4.3 Bioaccumulation
Ridley and Mirly [25] found bioaccumulation of 14Cradiolabelled glyphosate in Sprague Dawley rat tissues.
Residues were present in bone, marrow, blood and glands
including the thyroid, testes and ovaries, as well as major
organs, including the heart, liver, lungs, kidneys, spleen
and stomach. Further details are shown in Table 11. A
low-dose, oral absorption (10 mg/kg body weight) of the
radiolabelled xenohormone indicated highest bioaccumulaJBPC Vol. 15 (2015)

tions. The 1988 Monsanto study disclosed: “A significantly
greater percentage of the dose remained in the organs
and tissues and residual carcasses for the males than for
the females. Overall recoveries for group 5 animals were
92.8% and 94.2% for males and females respectively.”
The study examined seven test groups of 3 to 5 animals
per sex/group that were administered a single radiolabelled
dose of glyphosate. Blood, expired air, faeces and urine
were collected and analysed by liquid scintillation counting
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(LSC), and glyphosate with its metabolites analysed by two
methods of high pressure liquid chromatography (HPLC).
Three animals were used in groups sacrificed at the end of
24 hours, and 5 animals were used for all other groups, which
were sacrificed at the end of the seven day study. Groups 3
and 7 received a 10 mg/kg intravenous dose, while group 4 a
high oral dose (1 g/kg). Groups 1, 2, 5 and 6 each received a
single oral 10 mg/kg radiolabelled dose. Group 6 animals
received multiple low doses of 10 mg/kg of nonradiolabelled
glyphosate for 14 days prior to administration of a single
10 mg/kg radiolabelled dose.
Oral absorption of glyphosate was 30% and 35%,

with a radiological half-life of 7.5 and 14 days in male
and female animals, respectively. Bioaccumulation of
glyphosate found in bone was 0.748 ppm for males and
0.462 ppm for females for group 6 animals. Group 5
animals retained 0.552 ppm and 0.313 ppm for males and
females, respectively. Males also had higher levels of
glyphosate in their blood. Approximately 0.27% of the
orally administered dose was found in expired CO2 of the
group 1 rats sacrificed after 24 hours. Table 11 shows
the mean average and percentage distribution of
radioactivity in ppm that were found in tissues and organs
of groups 4, 5 and 6 of the orally dosed animals.

Table 11. Distribution and bioaccumulation of 14C radiolabelled glyphosate in blood, bone, glands,
organs and other tissue of Sprague Dawley rats. Data obtained from Ridley & Mirly, 1988 [25] (see
text for details).
Glyphosate mean (ppm)

Group 4
M ale / Female

Group 5
Male / Female

Group 6
Male / Female

BLOOD
Blood plasma

0.129 / 0.127

0.00158 / 0.00114

0.00178 / 0.00152

Red blood cells

0.517 / 0.275

0.00845 / 0.00424

0.00763 / 0.00474

Whole blood

0.328 / 0.166

0.00454 / 0.00269

0.00476 / 0.00288

Bone

30.6 / 19.7

0.552 / 0.313

0.748 / 0.462

Bone marow

4.10 / 12.50

0.0290 / 0.00639

0.0245 / 0.0231

1.50 / 1.24

0.000795 / 0.000358

0.00703 / 0.00955

0.363 / 0.572

0.00276 / 0.00326

0.00529 / 0.00813

GLANDS
Thyroid
Testes/ovaries

ORGANS
Brain

0.750 / 0.566

0.00705 / 0.00551

0.0144 / 0.0110

Eye

0.655 / 0.590

0.00215 / 0.000298

0.00405 / 0.00337

Heart

0.590 / 0.518

0.00622 / 0.00398

0.00804 / 0.00632

Kidney

1.94 / 1.35

0.0216 / 0.0132

0.0327 / 0.0196

Liver

1.91 / 1.37

0.0298 / 0.0135

0.0407 / 0.0257

Lung

1.54 / 1.13

0.0148 / 0.0120

0.0211 / 0.0167

Spleen

2.61 / 2.98

0.0119 / 0.00727

0.0155 / 0.0130

Uterus

– / 0.618

– / 0.00517

– / 0.00185

DIGESTIVE SYSTEM
Stomach

2.38 / 2.36

0.00795 / 0.00367

0.0377 / 0.0239

Small intestine

1.90 / 1.55

0.216 / 0.0183

0.0441 / 0.0257

Colon

11.0 / 9.20

0.0342 / 0.0159

0.0429 / 0.0298

FAT/MUSCLE
Abdominal fat

0.418 / 0.457

0.00364 / 0.00324

0.00557 / 0.00576

Testicular/ovarian fat

0.442 / 0.037

0.00495 / 0.00347

0.00721 / 0.00563

Abdominal muscle

0.262 / 0.214

0.00232 / 0.00160

0.00278 / 0.00216

Shoulder muscle

0.419 / 0.423

0.00388 / 0.00667

0.00783 / 0.00590

Nasal mucosa

1.71 / 1.79

0.00485 / 0.0226

0.0316 / 0.0125

Residual carcass

8.78 / 7.74

0.106 / 0.0870

0.157 / 0.101
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4.4 Glyphosate metabolites
Howe, Chott & McClanahan [26] identified, characterized
and quantified glyphosate and its metabolites after
intravenous and oral administration of the radiolabelled
compound. They employed several analytical tools, including
LSC, strong anion exchange (SAX), cation exchange
(CX) and ion pair chromatography (IPC). CX and IPC
methods of HPLC were used primarily for the identification
of glyphosate and its metabolites contained in urine and
faeces. Metabolites of glyphosate found during analysis
include the nonbasic compounds aminomethylphosphonic

acid (AMPA), methylaminomethylphosphonic acid
(MAMPA), N-formylglyphosate, N-acetylglyphosate, Nnitrosoglyphosate and an unknown compound tagged as
“Compound #11”. Metabolites found in the dosing solutions
administered to rats of these experiments would be
expected in all glyphosate-based products. CX analysis
was used to identify AMPA and MAMPA and IPC was
used to identify all other nonbasic glyphosate metabolites.
Results are presented in Table 12. Metabolites were also
found in the urine and faeces of both male and female
rats, as shown in Table 13 for orally dosed groups 4, 5 and 6.

Table 12. Glyphosate and its metabolites: Analysis of dose solutions expressed as % of total. Table adapted from
Howe et al. [26].
Dose group
1: Oral
10 mg/kg
3: Intravenous
10 mg/kg
4: Oral
1000 mg/kg
5: Oral
10 mg/kg
6: Preconditioned
Oral 10 mg/kg

Glyphosate

AMPA

MAMPA

N-acetylglyphosate

N-formylglyphosate

N-nitrosoglyphosate

Compound
#11

98.21

0.63

0.26

<0.04

0.49

<0.05

<0.06

99.14

0.36

0.00

<0.02

0.36

<0.01

0.03

98.88

0.57

0.31

<0.03

0.14

<0.02

0.04

99.41

0.17

0.00

<0.03

0.18

<0.03

0.03

99.36

0.19

0.07

<0.03

0.21

<0.02

<0.02

Table 13. Glyphosate and its metabolites: Analysis of faeces and urine from male and female rats expressed as % of total.
Table adapted from Howe et al. [26].
Dose group

Glyphosate

4
Dose solution
Male urine
Male faeces
Female urine
Female faeces
5
Dose solution
Male urine
Male faeces
Female urine
Female faeces
6
Dose solution
Male urine
Male faeces
Female urine
Female faeces

AMPA
(A)

MAMPA N-Acetyl(M) glyphosate

N-Nitrosoglyphosate

Compound
#11

98.88
97.76
98.64
97.71
98.68

0.57
1.25 A+M
0.82 A+M
1.39 A+M
0.88 A+M

0.31

<0.03
0.10
<0.03
<0.05
<0.04

0.14
0.20
<0.04
0.25
<0.04

<0.02
0.09
0.13
0.09
0.11

0.04
0.46
0.16
0.33
0.17

99.41
99.05
98.78
98.65
98.23

0.17
0.32 A+M
0.56 A+M
0.30 A+M
0.64 A+M

0.00

<0.03
<0.05
< 0.06
<0.06
<0.05

0.18
0.12
<0.10
0.25
<0.09

<0.03
0.11
0.21
0.11
0.22

0.03
0.31
0.16
0.58
0.16

99.36
99.24
98.31
98.84
98.27

0.19
0.29 A+M
0.90 A+M
0.26 A+M
0.93 A+M

0.07

<0.03
<0.05
<0.06
<0.04
<0.05

0.21
<0.11
<0.10
0.12
<0.10

<0.02
0.08
0.24
0.15
0.22

<0.02
0.18
0.17
0.51
0.23

In vivo metabolization of glyphosate to AMPA was
found in the excreta in quantities 0.4%. The bone was
the site of highest bioaccumulation and it retained 0.02 to
0.05% of the oral dose and 1% of the intravenous dose.
Repetitive dosing of group 6 animals did not significantly
change the metabolization or excretion of glyphosate. Of
JBPC Vol. 15 (2015)

N-Formylglyphosate

all of the nonbasic compounds found during analysis of
excreta, AMPA followed by N-nitrosoglyphosate were
most prevalent. Total N-nitrosoglyphosate levels found in
the animals ranged between 0.06–0.20% of the given
dose. Faecal samples contained 0.10–0.32% and urine
0.06–0.15% of N-nitrosoglyphosate. Stability studies
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revealed that the majority of the N-nitrosoglyphosate
found in the faeces was not completely due to presence
of the compound as a contaminant of glyphosate, nor was
it due to animal metabolism, but rather was due to the
chemical reaction of glyphosate with nitrites contained in the
excreta. Glyphosate readily reacts with oxides of nitrogen
(e.g., NO2) to form the metabolite N-nitrosoglyphosate.
This engenders concern because N-nitroso compounds
are carcinogens. Nitrous acid occurring in sweat excreta
of the skin could be problematic in the presence of
glyphosate and may be responsible for the rise of some
skin cancers. N-nitrosoglyphosate, the product of chemical
reaction between glyphosate residues and nitrites in the
colon, may in fact be a causal agent in the alarming increase
in colorectal cancer. We discuss N-nitrosoglyphosate in §8.
Colvin, Moran & Miller [27] evaluated the metabolism
of 14C-AMPA in male Wistar rats. A 6.7 mg/kg dose of
radiolabelled AMPA was administered orally, of which 20%
was found unchanged in the urine of the animals and 74% in
the faeces. Recovery from excreta totalled 94% of the
dose. In another study, Sutherland [28] fed Sprague Dawley
rats a single radiolabelled dose of N-nitrosglyphosate and
successfully quantified the metabolite in the urine and
faeces. Male and female animals received 3.6 mg/kg and
4.7 mg/kg, excreting 2.8% (faeces) 88.7% (urine) and
10.7% (faeces), 80.8% (urine) respectively. Both male and
female rats retained 8.5% of the N-nitrosoglyphosate dose,
while 90.5% was eliminated in excreta.
5. THE ISSUE OF CONTROL RATS’ DIET
“Historical control data” show that 13–71% of the lab
animals used to conduct toxicity tests on various chemicals
would spontaneously present with mammary tumours, and
26– 93% develop pituitary tumours. Their kidney function
is also frequently impaired. A recent study by Mesnage et
al. [29] sought to evaluate whether toxic chemicals present
in the feed that is standard fare for these animals might be
causative for this surprisingly high background rate of
disease. Nine out of 13 samples of commonly used
laboratory rat feeds tested positive for glyphosate. Thus,
these “spontaneous” disease manifestations may well be
due to the toxic chemicals in the feed in the control animals
rather than to some underlying genetic defects, and this
fact raises serious questions about the validity of any
studies based on such exposed animals as a control group.
A 1995 paper by Dixon et al. describes a thorough
analysis of the frequencies of various organ pathologies
related to cancer and other diseases in “control” animals
not subjected to any explicit administration of the toxic
chemical under investigation [30]. The paper gave no
information on the rats’ feed or supplements, which
would have been important as a possible confounding
JBPC Vol. 15 (2015)

factor in the observed pathologies, one of which was
acinar cell atrophy, present in the pancreas of 6.9% of the
males and 5.0% of the female rats. The authors noted a
decrease in size and number of acini and increased
amounts of interstitial tissue, suggesting fibrosis, along
with increased infiltration of lymphocytes and
macrophages. Since this is quite similar to the pathology
observed with glyphosate exposure to rats, a possibility is
that glyphosate contamination in their feed or water
supply contributed to the pathology, perhaps in part by
chelating manganese; this transition metal is known to
stimulate protein synthesis in acini isolated from both
diabetic and normal rats and, in the case of diabetic rats,
the effect was shown to be specific to manganese
(cobalt, nickel, barium, strontium and magnesium failed to
exert the effect) [31].
To test for the hypothesis of glyphosate
contamination in rat feed, we used HPLC to test for
glyphosate and AMPA levels in three distinct rat chow
products, containing corn, soy and wheat middlings, and
found significant levels of both chemicals in all products
examined. We also tested for choline and folic acid. As
shown in Table 14, our laboratory analysis of standard
rodent diets found no detectable folic acid. Folic acid
(folate) is supplied not only through diet but also,
particularly, by commensal bacteria via the shikimate
pathway [32]. Therefore, glyphosate evidently disrupts
folic acid production both in exposed plant food sources
and in the human gut, leading to deficiencies. Folate is a
cofactor in many important biologic processes, including
remethylation of methionine and single carbon unit donors
during DNA biosynthesis. This impacts gene regulation,
transcription and genomic repair. Folate deficiency
enhances colorectal carcinogenesis, in part through
impaired DNA methylation [33]. Folate deficiency has
also been implicated in the development of several
cancers, including cancer of the colorectum, breast,
ovary, pancreas, brain, lung and cervix [34]. Folate
deficiency during gestation is linked to neural tube defects
such as anencephaly and spina bifida.
A synthetic form of choline, choline chloride, has been
added to formulated lab chow diets for decades, as
indicated from historical references available from
manufacturers such as Purina. A 2010 European patent
application describes the addition of choline chloride to
glyphosate formulations to act as a bioactivator and to
enhance penetration of glyphosate into the cells of the target
weed [35]. A study of 47, 896 male health professionals in
the US found that high choline intake was associated with
an increased risk of lethal prostate cancer [36]. Our
samples all tested positive for choline (see Table 14).
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Table 14. Evidence of glyphosate contamination, and levels of folate and choline, in Purina rat chow products
as determined from authors’ own analyses.
Glyphosate /mg kg–1

AMPA /mg kg–1

Folate /mg g–1

Choline /mg g–1

Purina Rat Chow 5002

0.65

0.35

0

4.827

Purina Chow 5K75

0.57

0.27

0

5.328

Purina Chow 5LG3

0.37

0.10

0

5.919

The American Veterinary Medical Foundation notes
that “Cancer is the leading cause of death in older pets,
accounting for almost half of the deaths of pets over 10
years of age.” According to the Morris Animal Foundation,
established in 1948, one in four dogs will die of cancer
and over 22 000 cats will be diagnosed with aggressive
sarcomas. Oral cancer squamous cell carcinomas are

now found in cats and lead to the destruction of the
jawbone. Mammary tumours, a common cancer found in
dogs and cats, are also on the rise. We suspect that
glyphosate may be a causal agent related to the rise of pet
cancers, and used HPLC to analyse 9 popular brands of
dog and cat food. We found significant levels of both
glyphosate and AMPA in all pet foods tested (Table 15).

Table 15. Glyphosate and AMPA residues found in various dog food and cat food products, as measured
from samples tested by the authors.
Glyphosate /mg kg—1

AMPA /mg kg —1

Purina Cat Chow Complete

0.102

0.12

Purina Dog Chow Complete

0.098

0.076

Kibbles-n-Bits Chefs Choice Am Grill

0.30

0.24

Friskies Indoor Delights

0.079

0.11

9 Lives Indoor Complete

0.14

0.12

Rachael Ray Zero Grain

0.022

Trace (< 0.02)

Iams Proactive Health

0.065

Trace (< 0.02)

Rachael Ray Nutrish Super Premium

0.14

0.14

Purina Beyond Natural - Simply Nine

0.047

0.031

Clearly, it is imperative that future studies on the
potential toxicity of any environmental chemical address
the issue of the possible toxicity of chemicals contaminating the diet of the control animals, and/or the potential
impact of nutritional imbalances. Feeding the control
animals an unhealthy diet leads to an increased risk of
cancer in the control group making it much harder to see
a signal in the experimental group. Furthermore, since
oestrogenic chemicals are often more toxic at extremely
low doses than at mid-range doses, it is easy to see why the
control group may manifest a significant incidence of cancer.
6. EVIDENCE OF DNA DAMAGE FROM THE RESEARCH
LITERATURE

According to the IARC’s report [2], while there exists
only limited direct evidence of carcinogenicity of
glyphosate in humans, strong evidence exists to show that
glyphosate can operate through two key features of
carcinogens: induction of chromosomal damage and
induction of oxidative stress. In this section, we review
the evidence that glyphosate can damage DNA, a crucial
JBPC Vol. 15 (2015)

first step leading to cancer. We examine evidence based
on sea urchins, children in Malaysia, in mouse models,
both in vitro and in vivo, in human lymphocytes, and in
fish. We conclude with a paragraph on folate deficiency,
its probable link to glyphosate exposure, and folate’s
essential rôle in DNA maintenance.
Cell cycle disruption is a hallmark of tumour cells and
human cancers. A study on sea urchins investigated
several different glyphosate-based pesticide formulations,
and found that all of them disrupted the cell cycle. The
sprays used to disseminate pesticides can expose people
in the vicinity to 500 to 4000 times higher doses than those
needed to induce cell cycle disruption [37].
A study on children living near rice paddy farms in
Malaysia revealed DNA strand breaks and chromosome
breakage associated with reduced blood cholinesterase
levels [38], which were attributed to exposure to
organophosphate insecticides. The study did not specify
exactly to which pesticides the children were exposed,
but glyphosate is a general-purpose herbicide whose use
in rice paddies in Sri Lanka led to widespread kidney
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failure among young agricultural workers there, ultimately
resulting in a ban on glyphosate usage in Sri Lanka [4, 5].
While glyphosate is technically an organophosphonate
rather than an organophosphate, a study on the fish
Prochilodus lineatus has demonstrated that it suppresses
cholinesterase in both muscle and brain [39].
Bolognesi et al. [40] studied the genotoxic potential
of both glyphosate in isolation and Roundup, in both
mouse in vivo studies and in vitro studies of human
lymphocytes. In the mouse studies they found evidence
of DNA strand breaks and alkali-labile sites in liver but
especially in kidney, as well as in bone marrow. Roundup
was found to be more toxic than glyphosate, with damage
occuring at lower concentrations. They also demonstrated
dose-dependent sister chromatid exchanges in human
lymphocytes exposed to glyphosate and to Roundup.
A recent study on a 96-hour Roundup exposure to
the economically important tropical fish tambaqui found
disturbed gill morphology, inhibited cholinesterase activity
in the brain and DNA damage in erythrocytes [41]. They
found a sixfold increase in a genetic damage indicator
(GDI) in erythrocytes, using the “comet” assay method.
Similarly, the comet assay applied to goldfish erythrocytes
revealed DNA damage following exposure to glyphosate
[42], and studies on exposure of eels to realistic
concentrations of Roundup and the principal individual
components, glyphosate and the surfactant polyethoxylated
amine (POEA) in isolation, confirmed DNA damage in
erythrocytes [43, 44].
Folate deficiency mimics radiation in damaging
DNA through single- and double-strand breaks as well as
oxidative lesions [45]. It is estimated that 10% of the US
population is at risk from folate deficiency-induced DNA
damage. Cancer of the colorectum in particular is linked
to folate deficiency [45, 34], which causes reduced
bioavailability of cytosine methylation capacity in DNA,
inappropriately activating proto-oncogenes and inducing
malignant transformation. Folate is also itself crucial for
DNA synthesis and repair. Folate deficiency can also
lead to uracil misincorporation into DNA and subsequent
chromosome breaks [34]. Folate is an essential B vitamin,
but it can be synthesized by gut microbes, particularly
Lactobacillus and Bifidobacterium [46]. Glyphosate is
a patented antimicrobial agent, and these two species
are more vulnerable than others to growth inhibition by
glyphosate [47]. Furthermore, folate is derived from
chorismate, a product of the shikimate pathway that
glyphosate disrupts [48].
7. SUCCINATE DEHYDROGENASE INHIBITION

A study on Escherichia coli revealed that glyphosate
suppressed three different components of the succinate
JBPC Vol. 15 (2015)

dehydrogenase (SDH) enzyme, cytochrome b556, the
avoprotein subunit and the hydrophobic subunit, reducing
their activity three- to fourfold [48]. Roundup cytotoxicity
in human cells is mediated in part through inhibition of
SDH, a key enzyme in mitochondrial complex II [49–51].
A theoretical study of the mechanism of inhibition
suggests that glyphosate binds at the succinate binding
site with a higher binding energy than succinate, thus
blocking substrate bioavailability [52]. Roundup has also
been shown to depress complexes II and III [53].
Both SDH (complex II) and fumarate hydratase (FH)
(complex III) are tumour suppressors. Their suppressive
mechanism can be understood through the effects of
enhanced glycolysis following their inhibition [54].
Mutations in SDH lead to the development of
paraganglioma (tumours originating in the ganglia of the
sympathetic nervous system), and phaeochromocytoma
(neuroendocrine tumours of the adrenal glands), and
mutations in FH cause renal cell carcinoma. Neuroblastoma
is the most common extracranial solid tumour in infants
and young children [55]. An increase in growth rate and
invasiveness in neuroblastomas is linked to impaired
succinate dehydrogenase function [56].
Succinate and fumarate will accumulate in
mitochondria when SDH and/or FH are suppressed, and
they leak out into the cytosol. Two newly recognized
signalling pathways result in enhanced glycolysis in a
“pseudohypoxic response”, as well as resistance to
apoptotic signals [54]. A characteristic feature of tumour
cells is their increased use of glycolysis as a source of
energy, even in the presence of available oxygen, a
phenomenon referred to as the Warburg effect [57, 58].
Malignant, rapidly growing tumour cells typically have
glycolytic rates up to 200 times higher than those of their
normal tissues of origin, even when oxygen is plentiful.
8. GLYOXAL, METHYLGLYOXAL AND GLYOXYLATE

In this section, we discuss the potent toxicity of multiple
metabolites of fructose that are plausibly present in foods
derived from glyphosate-resistant crops, or as a contaminant
in glyphosate-based products, or as a breakdown product
generated endogenously following glyphosate exposure.
These include glyoxylate, glyoxal and methylglyoxal. We
show that these molecules are genotoxic and can induce
cancer. We surmise that their toxicity is enhanced by
glyphosate exposure diminishing bioavailability of vitamin E,
an antioxidant.
Vitamin E, a tocopherol, is derived from the shikimate
pathway, which glyphosate disrupts [59]. One of the best
characterized functions of tocopherols is to protect biological
membranes against oxidative stress. Superoxide dismutase
(SOD) catalyses the conversion of superoxide anion
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( O2– ), a reactive oxygen species (ROS), to hydrogen
peroxide (H2O2) and molecular oxygen (O2). Nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase can
also produce ROS, which leads to proteinuria and
haematuria [60]. H2O2 induces haem degradation in red
blood cells, particularly when glutathione is deficient [61].
ROS causes irreversible DNA impairment, damage to
lipid membranes and promotes the toxic carbonyl,
malondialdehyde [62, 63]. Excessive lipid peroxidation
induced with ingestion of glyphosate residues likely leads
to an overload of maternal and foetal antioxidant defence
systems following liver damage, as shown in rat studies
by Beuret et al. [64].
Glyoxal and methylglyoxal are very potent glycating
agents, considerably more reactive than either glucose or
fructose [65, 66]. They attack the amine groups in amino
acids, peptides and proteins to form advanced glycation
end products (AGEs), and they cause carbonyl stress in
the presence of oxidizing agents such as O2– and H2O2
[66]. A study linking AGEs to cancer showed that
methylglyoxal–bovine serum albumin (methylglyoxalBSA) induced significant DNA damage [67]. Cancer
incidence is increased in association with chronic renal
failure, and this is likely due to the binding of AGEs to
receptors for advanced glycation end products (RAGE),
leading to increased intracellular formation of ROS [67].
Extremely high levels of methylglyoxal are found in
commercial carbonated beverages sweetened with high
fructose corn syrup (HFCS), but not in those that are
sweetened with artificial sweeteners [68]. Since HFCS is
derived from glyphosate-resistant corn, it is conceivable
that the methylglyoxal was produced in the plant in
response to glyphosate exposure. There is a plausible
biological mechanism for this, caused by the accumulation
of excessive amounts of phosphoenolpyruvate (PEP) as a
consequence of the disruption of the enzyme, 5enolpyruvyl-shikimate-3-phosphate (EPSP) synthase,
that uses PEP as substrate for the first step in the
shikimate pathway [69]. PEP suppresses glycolysis by
binding to the active site in the enzyme, triose phosphate
isomerase (TPI) [70], outcompeting the natural substrates.
Furthermore, PEP reacts with fructose to initiate its
conversion to triose phosphate, also known as
glyceraldehyde 3-phosphate (glyceraldehyde 3-p), as
illustrated in Fig. 1 [71]. Glyceraldehyde 3-p is highly
unstable and it spontaneously breaks down to
methylglyoxal [72]. Severe impairment of TPI due to
genetic defects leads to sharp increases in methylglyoxal
and protein glycation, as well as oxidation and nitrosation
damage [73]. Inhibition of glycolysis will increase the
residence time of glyceraldehyde 3-p and increase its
chances to spontaneously degrade to methylglyoxal. It
JBPC Vol. 15 (2015)

can be expected that similar problems will occur in gut
microbes exposed to glyphosate, as well as human cells,
and this may explain the increased levels of methylglyoxal
observed in association with diabetes [74].

Figure 1. Possible pathways of fructose metabolism in E. coli.
Genes are pgi, phosphoglucose isomerase; pc, fructose Bphosphate kinase; fdp, fructose diphosphatase; and fda,
fructose diphosphate aldolase. PEP, phosphoenolpyruvate.
Adapted from Fraenkel, 1968 [71].

A study comparing rats fed a high-fructose
compared to a high-glucose diet revealed that those rats
fed fructose experienced a significant increase in body
weight, liver mass and fat mass compared to the glucosefed rats [75]. This was accompanied by a reduction in
physical activity, although the total number of calories
consumed remained equivalent. We suspect that this
phenomenon may be largely due to the presence of
glyphosate and methylglyoxal contamination in the fructose
(which was likely derived from the GMO RoundupReady HFCS). A study exposing male Sprague Dawley
rats to a high-fructose diet during an interval over a period
of four months showed elevated serum levels of
methylglyoxal, along with several indicators of diabetes
and metabolic syndrome, including expression of RAGE,
NF-kB, mediators of the renin angiotensin system and
elevated blood pressure [76]. At physiological concentrations, methylglyoxal can modify plasmid DNA and cause
mutations and abnormal gene expression [77].
Glyphosate formulations are trade secrets, but a 2006
Monsanto patent proposed using oxalic acid (oxalate) as an
additive to increase the toxicity of glyphosate to weeds
[78]. Oxalate inhibits pyruvate kinase and this leads to an
elevation in PEP along with a reduction in production of
lactate and pyruvate. The synthesis of PEP in rat livers
exposed to 0.1 mM oxalate more than doubled [79], which
likely induces excess exposure to methylglyoxal as
discussed above, causing liver stress. The effects of
oxalate would be synergistic with the effects of glyphosate
inhibition of the shikimate pathway in gut microbes, which
can be expected to also increase PEP levels, since PEP is
substrate for the enzyme that glyphosate disrupts.
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Several anaerobic bacteria, including Oxalobacter
formigenes, Eubacterium lentum, Enterococcus
faecalis and Lactobacillus acidophilus can metabolize
oxalate in the gut [80]. However, both oxalate
decarboxylase and oxalate oxidase, enzymes involved in
oxalate metabolism, depend on manganese as a cofactor
[81], and manganese is chelated by glyphosate, making it
unavailable to gut microbes [82, 83].
Elevated serum glyoxylate has been found to be an
early marker for diabetes risk [84]. The conversion of
glyoxylate to oxalate by the enzyme lactate dehydrogenase is inhibited by oxalate [85, 86]. Hence glyoxylate,
derived from glyphosate breakdown, can be expected to
accumulate in the presence of excess oxalate. Glyoxylate
can be derived from glyoxal, and both glyoxal and
glyoxylate have been proposed as key reactants in the
production of glyphosate, as described in multiple patents
from the mid-1980s [87, 88]. Furthermore, glyphosate
can itself be metabolized to AMPA and glyoxylate by
microbial action along two distinct pathways, via glycine
oxidase or via glyphosate oxidoreductase [89]. In vitro
exposure of hepatocytes to glyoxal showed hepatotoxicity
induced by lipid peroxidation, ROS, and collapsed
mitochondrial membrane potential [90, 91].
LDH is also known to be involved in tumour
metabolism. A Monsanto study conducted by Johnson on
rabbits found that extremely high doses of glyphosate
(5000 mg/kg) severely downregulated production of
LDH, reducing values in both male and female animals,
whereas a fivefold lower dose (1000 mg/kg) upregulated
LDH similarly in both males and females compared to the
experimental control [92]. Glyphosate was administered
by dermal absorption to three groups, each of 5 male and
5 female rabbits. Doses of 100, 1000 and 5000 mg/kg
were held in place by occlusion for 6 hours/day, five
days/week for 21 days. A control group of the same
numbers of animals and sex did not receive the
compound. Results for the control, low-, mid- and highdose groups were 250, 169, 291 and 76 for male animals
and 189, 149, 258 and 28 for female animals, respectively.
Not understanding glyphosate’s nonmonotonic doseresponse relationship caused Johnson to dismiss this
haematological finding. A similar pattern of LDH
regulation was recorded by Stout & Ruecker in 1990 in
experiments with albino rats [15].
A Monsanto patent application from 1985 describes
the invention as follows: “glyphosate and various glyphosate
derivatives can be produced with very high selectivity by
the reductive alkylation of aminomethylphosphonic acid,
its salts or its esters, in an aqueous medium with a carbonyl
compound, such as, for example, glyoxal, glyoxylic acid, a
glyoxylate salt, or a glyoxylate polyacetal salt or ester”
JBPC Vol. 15 (2015)

[88]. An earlier US patent application disclosed a similar
process whereby aminomethylphosphonic acid is reacted
in an aqueous medium with glyoxal in the presence of
sulfur dioxide to produce glyphosate. Methylglyoxal is
cytotoxic, and it has been shown to arrest growth and
react with nucleotides, increasing the incidence of sister
chromatid exchanges, a step towards tumorigenesis [93].
Methylglyoxal also decreases protein thiols, especially
glutathione, an essential antioxidant. In in vitro studies,
glyphosate has also been shown to reduce glutathione
levels in mammalian cells, possibly mediated through
methylglyoxal [94]. Methylglyoxal induces DNA
mutations mainly at G:C base pairs, and it severely
inhibits DNA replication by inducing cross-links between
DNA and DNA polymerase [95]. The mutagenicity of
methylglyoxal is suppressed by sulfur-containing molecules,
such as sulfite, cysteine and glutathione [96]. Glyphosate
has been shown to deplete methionine levels by 50% to
65% in a glyphosate-sensitive carrot plant line [97].
Methionine is an essential sulfur-containing amino acid
crucial for maintaining levels of cysteine, glutathione and
sulfate. Most bacteria possess biosynthetic pathways for
methionine [98], and it is possible that glyphosate disrupts
their ability to supply this critical nutrient to the host.
Glyoxalase is a key enzyme in the pathway that
detoxifies methylglyoxal. Mouse studies have demonstrated
that its overexpression can reduce AGE production and
oxidative damage associated with hyperglycaemia [99],
thus demonstrating a direct link between methylglyoxal
and these pathologies. Glyoxalase is upregulated in
association with rapid cell proliferation [100] and also in
association with some cancers, including gastric cancer
[101] and prostate cancer [102] (gastric cancer is the
second highest cause of cancer-related mortality worldwide
[103]). Overexpression of glyoxalase I is associated with
increased gastric wall invasion and lymph node metastasis
[101]. Glyphosate exposure has been shown experimentally
to induce increased expression of glyoxalase activity in
Arachis hypogaea (groundnut), which was engineered
to be glyphosate-tolerant [100]. In addition, the observed
upregulation of redox-regulated kinases, phosphatases
and transcription factors shows the importance of redox
couples to reorganize growth and metabolic needs under
stress conditions, such as exposure to glyphosate.
Mitogen-activated protein kinase (MAPK) phosphatases
(MKPs) play an important rôle in the development of
cancer in humans [104].
9. N-NITROSOGLYPHOSATE AND N-NITROSOSARCOSINE

As was shown by Monsanto’s own studies [26],
glyphosate readily reacts with nitrogen oxides to form Nnitrosoglyphosate (NNG), which is of great concern due
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to its toxicity [105]. N-nitroso compounds (NOCs) can
induce cancer in multiple organs in at least 40 different
animal species, including higher primates [106–108]. In in
vitro studies on human liver slices, the mechanism of
action was shown to be nucleic acid alkylation [109].
Schmahl and Habs commented: “N-nitroso compounds
can act carcinogenically in a large number of animal
species; there is no rational reason why human beings
should be an exception, all the less so since in vitro
experiments have shown N-nitroso compounds are
metabolized in the same way by human livers as by the
livers of experimental animals” [108, p. 240]. Several
different nitrosylated compounds have been targeted as
potential carcinogenic agents, although it is conceded that
the long lag time between exposure and tumour
development makes it difficult to recognize the links
[110]. Dietary N-nitrosyl compounds especially are
thought to increase the risk of colon cancer and rectal
carcinoma [111, 112].
The Food and Agricultural Organization of the
United Nations (FAO) has set a strict upper limit of 1
ppm NNG [113]. The accepted methodology for measuring
contamination levels, proposed by Monsanto in 1986
[114], has complicated instrumentation and operation
conditions and is relatively insensitive [105]. New
advanced methodologies offer safer and more reliable
testing methods [115, 105].
One of the pathways by which some bacteria break
down glyphosate is by first using carbon-phosphorus
lyase (C-P lyase) to produce sarcosine as an immediate
breakdown product [89, 116]. Nitrosylated sarcosine is well
recognized as a carcinogenic agent. Injection of 225 mg/kg
of nitrososarcosine into mice at days 1, 4 and 7 of life led
to the development of metastasizing liver carcinomas in
later life in 8 out of 14 exposed animals [117].
Elevated levels of sarcosine are also linked to
prostate cancer, particularly metastatic prostate cancer
[118]. An unbiased metabolomic survey of prostate
cancer patients identified elevated levels of serum or
urinary sarcosine as a marker of aggressive disease
[119] (prostate cancer is the most commonly diagnosed
cancer in men in the USA, and it afflicts one in nine men
over the age of 65 [120]). In both in vitro and in vivo
prostate cancer models, exposure to sarcosine, but not
glycine or alanine, induced invasion and intravasation [119].
10. IMPAIRED GLYCINE SYNTHESIS

Perhaps surprisingly, a recent study has proposed that
glyphosate might serve a useful rôle in cancer treatment
due to its ability to inhibit glycine synthesis [121]. Glycine
is essential for the synthesis of DNA and, therefore, for
cell proliferation. In vitro studies on 8 different cancer
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cell lines (including prostate, ovarian, cervical and lung
cancer) demonstrated that glyphosate at doses ranging
from 15 to 50 mM was cytotoxic to tumour cells, and that
cytotoxicity to normal cell lines required higher doses
(e.g., 100 mM). It was hypothesized that the mechanism
of action involved impaired glycine synthesis due to
glyphosate acting as a glycine mimetic.
In direct contradiction, however, glycine has been
shown to prevent tumorigenesis [122] and it is a potent
anti-angiogenic nutrient that suppresses tumour growth,
possibly through activation of a glycine-gated chloride
channel [123]. Impaired glycine synthesis likely has other
adverse effects as well, such as the possibility that
glyphosate interferes with glycine conjugation of benzenebased compounds. In particular, this is a mechanism used
by gut microbes, particularly Bifidobacteria, to detoxify
phenolic compounds, producing hippurate (benzoylglycine),
a glycine conjugate of benzoic acid, as a mechanism for
detoxification [124]. Glycine has been shown to be a
limiting factor for hippurate production [125]. We stated
earlier that glyphosate preferentially harms Bifidobacteria
[46], and studies have shown reduced counts of
Bifidobacteria in obese rats along with reduced excretion
of hippurate [126]. Obese humans have also been shown
to have reduced urinary hippurate [127]. Furthermore,
lower urinary hippurate is linked to ulcerative colitis,
particularly Crohn’s disease [128]. A Swedish study of
over 21 000 Crohn’s disease patients identified increased
risk of a broad range of cancers, including liver, pancreatic,
lung, prostate, testicular, kidney, squamous cell skin
cancer, nonthyroid endocrine tumours and leukaemia
[129]. Crohn’s and inflammatory bowel disease have
been increasing in incidence in the USA in step with the
increase in glyphosate usage on corn and soy crops (R =
–8
0.938, P 7.1
) [1].
11. COLON AND LIVER CANCER

As shown in Table 1, the incidence of liver cancer in the
USA has increased substantially in the past two decades,
pari passu with the increase in glyphosate usage on corn
–8
and soy crops (P 4.6)
.
Nonalcoholic steatohepatitis (NASH) is a fatty liver
disease that has been linked to excess dietary fructose
[130]. We hypothesize that it is due primarily to the
disruption in gut metabolism of fructose due to glyphosate
blocking the shikimate pathway, as discussed previously.
Fructose, which should have been processed in the gut
leading to production of aromatic amino acids, instead is
delivered to the liver, which converts it into fat for either
local storage or distribution within low-density lipid
particles (LDL). NASH affects a large proportion of the
US population and is increasing in prevalence worldwide
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with adoption of a “Western diet” [131]. NASH causes
cirrhosis and increases risk of liver cancer [131, 132].
Hepatocellular carcinoma (HCC) is the most common
cause of obesity-related cancer deaths among middle-aged
men in America. The consumption of refined carbohydrates
in soft drinks has been postulated to be a key factor in the
development of NASH [130]. As we have seen, soft
drinks containing HFCS are very high in methylglyoxal.
A study from 1988 on children with severe chronic
liver disease revealed that those children with low vitamin
E levels were susceptible to H2O2-induced haemolytic
anaemia [133]. We earlier discussed the rôle of glyphosate
in depleting vitamin E. Haemolysis leads to haemochromatosis (release of free iron from haem). The endocrine
glands, heart, liver, testes and pancreas are all affected
by haemochromatosis. Damage to pancreatic islet -cells
from iron deposition can lead to cellular death and
functional impairment associated with diabetes [134].
Other effects of haemochromatosis include bone and joint
pain, arthritis, cardiomyopathy and testicular problems.
The liver synthesizes substantial amounts of haem,
which is needed primarily for the cytochrome P450
(CYP) enzymes, which perform many important rôles,
including bile acid synthesis, hormone activation and
breakdown, and detoxifying many carcinogenic agents,
including phenolic and other organic xenobiotics as well
as drugs and bilirubin. Glyphosate likely contributes to the
destruction of CYP enzymes both through H2O2 attack at
their haem centre as well as through direct interference
via nitrosylation at the active site by glyphosate [11].
CYP-mediated drug metabolism is impaired in patients
with liver disease, particularly CYP1A, CYP2C19, and
CYP3A [135], and this makes these individuals even
more susceptible to liver damage.
Inflammation and metabolic disorders are intimately
linked, and both are characteristic features of diabetes
and obesity [136]. Diabetes and obesity are linked to
dramatically higher risk of cancer, particularly of the liver
and gastrointestinal tract [137]. This is directly linked to
bile acid dysregulation and dysbiosis of the gut
microbiome. Elevated levels of cytotoxic secondary bile
acids and inflammation induced by an immune response to
gut pathogens induce heightened oxidative DNA damage,
increased cell proliferation and enterohepatic carcinogenesis
[137]. Temporal patterns of glyphosate use on corn and
soy crops strongly correlate with the increase in both
diabetes and liver cancer observed over the same time
interval [1].
Gut dysbiosis, due in part to glyphosate’s antimicrobial
effects, leads to gut inflammation and impairment of the
gut barrier function. This means that pathogens will
escape the gut and infiltrate the liver. Exposure to
JBPC Vol. 15 (2015)

endotoxin produced by gut microbes, such as lipopolysaccharides (LPS) leads to inflammation in the liver along
with hepatic fibrosis [138]. Several types of chronic liver
disease are associated with increased levels of bacterial
LPS in the portal and/or systemic circulation [139].
Acute hepatic porphyrias are disorders caused by
enzyme defects in haem biosynthesis [140], and they are
risk factors for liver cancer [141–143]. Glyphosate has
been shown to disrupt haem synthesis, by suppressing the
enzyme that activates the first step, combining glycine
with succinyl coenzyme A to form -aminolevulinic acid
[144]. An often-overlooked component of glyphosate’s
toxicity to plants is inhibition of chlorophyll synthesis
[145], as -aminolevulinic acid is also a precursor to
chlorophyll as well as haem.
-glutamyl transferase (GGT) is a membrane-bound
enzyme that decomposes glutathione into cysteinyl
glycine and glutamate; it is highly expressed in the liver.
Excess serum GGT has been linked to both oxidative
stress [146] and increased cancer risk [147] as well as
many other diseases [148]. In a study on 283 438 people
who were divided into five subgroups based on GGT
level, a hazard ratio of 18.5 for risk of hepatic carcinoma
was ascertained for the highest level compared to the
lowest [149]. Another study based in Korea found an
increased risk of multiple cancers in association with
elevated GGT: most especially liver cancer, but also
cancer of the esophagus, larynx, stomach, bile ducts,
lungs and colon [150]. GGT induces generation of
reactive oxygen species through interactions of cysteinyl
glycine with free iron [151, 152].
Exposure to Roundup at low doses increased GGT
expression in rat testis and Sertoli cells [94]. A
comparison between goats fed GM Roundup-Ready
solvent-extracted soybean vs goats fed a conventional
soy equivalent revealed that the male kids born to the
goats fed the GM soy had elevated expression of GGT in
both liver and kidney (P < 0.01) [153]. A study has shown
that 70% of GM Roundup-ready soy samples had
significant levels of glyphosate, whereas the conventional
soy did not [154].
Exposure of Wistar rats to the herbicide GlyphosateBiocarb over a period of 75 days resulted in liver damage,
including elevated serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), suggesting
irreversible hepatocyte damage, as well as large deposition
of reticulin fibres containing collagen type III [155],
suggesting liver fibrosis [156], which is a major risk factor
for hepatocarcinogenesis.
Excessive retinoic acid signalling in the liver is
expected due to the interference of glyphosate with liver
CYP enzymes [11, 157, 158], because the CYP2C gene
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family is needed to metabolize retinoic acid in the liver
[159]. The action of retinoic acid is likely mediated
through sonic hedgehog signalling [160]. Studies on mice
have revealed that hedgehog signalling induces fibrosis
and hepatocellular carcinoma [161]. Studies on tadpoles
have demonstrated that glyphosate produces teratogenic
effects characteristic of excessive retinoic acid signalling,
and these effects were reversed by a retinoic acid
antagonist [162].
12. PANCREATIC CANCER

Pancreatic cancer is one of the cancers whose incidence
is going up in step with the increase in glyphosate usage
–7
on corn and soy crops (R = 0.918; P 4.6
.) [1]. As
of 2002, pancreatic adenocarcinoma was the fourth
leading cause of cancer death in the USA, with an overall
5-year survival rate of less than 5% [163]. We have
already noted that excess methylglyoxal exposure can
lead to diabetes. Direct evidence of this was obtained
when methylglyoxal injection into Sprague Dawley rats
caused pancreatic -cell dysfunction [164]. We earlier
discussed the rôle of excess iron deposition in the
destruction of pancreatic cells [134].
Glyphosate’s metal chelation effects led to severe
manganese deficiency in cows [83]. Rats fed a diet
deficient in manganese showed significantly lower
concentrations of manganese in liver, kidney, heart and
pancreas compared to controls [165]. Pancreatic insulin
content was reduced by 63%, and insulin output was
correspondingly reduced, suggesting that manganese
deficiency may play a direct rôle in insulin-deficient
diabetes and islet cell stress.
Acinar cell carcinoma is the second most common
type of pancreatic cancer, characterized histologically by
zymogen-like granules as well as fibrillary internal
structures in the tumour cells [166]. A comparison
between mice fed GM soy and wild soy demonstrated
alterations in pancreatic acinar cells including smaller
zymogen granules and less zymogen content in one
month-old mice, along with reduced production of amylase [167]. The authors did not consider possible
effects of glyphosate contamination, even though another
study has shown significant glyphosate residues in GM
soy as compared to conventional soy treated with
glyphosate [154]. Pancreatic atrophy of the acinar cells
along with degranulation and intracellular fibrillation is a
fundamental aspect of the childhood wasting disease
kwashiorkor [168], which is linked to disrupted gut
microbes [169], and may also be in part attributable to
glyphosate poisoning.
4
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A two-year study of glyphosate toxicity to rats
reported by the EPA in 1991 showed several signs of
tumours, which were ultimately dismissed partly because
of a lack of a dose–response relationship, and in part
because it was argued that historical controls (but not the
controls in the study) demonstrated tumours at comparable
rates, but under very different and uncontrolled dietary
and lifestyle practices [170]. The most frequently
observed tumours were pancreatic islet cell adenomas in
males, thyroid C-cell adenomas and/or carcinomas in
males and females, and hepatocellular adenomas and
carcinomas in males. Both low-dose and high-dose, but
not mid-dose, males had a statistically significant
increased incidence of pancreatic islet cell adenomas.

Figure 2. Incidence of nephritis and kidney failure reports in the
US CDC’s hospital discharge data from 1998 to 2010 normalized
to counts per million population each year. This includes all
reports of ICD-9 codes from 580 to 589.
13. KIDNEY CANCER

Chronic kidney disease (CKD) and cancer are closely
linked in reciprocal fashion: cancer or its treatment can
cause CKD and patients with CKD have increased risk
of cancer. Dialysis patients have an increased risk
ranging from 10% to 80%; kidney transplant recipients
have a 3- to 4-fold increased risk of cancer [6]. The
number of patients with kidney failure treated by dialysis
and transplantation increased dramatically in the USA
from 209 000 in 1991 to 472 000 in 2004 [171]. There
have been concurrent increases in earlier stages of
chronic kidney disease such as albuminuria and impaired
glomerular filtration [172]. Since 2004, this trend has
worsened. Figure 2 shows the trend over time in the US
Centers for Disease Control (CDC)’s hospital discharge
data4 for ICD-9 codes 580-589, including acute and
chronic glomerulonephritis, nephritis and nephropathy,
acute and chronic renal failure, renal sclerosis, and
disorders resulting from impaired renal function. There
has been an alarming rise in the frequency of these
conditions, especially since 2006.
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Studies on rats show that CYP 2B1 plays a pivotal
rôle as an important site for ROS production through
cytotoxicity in the glomeruli [173]. The breakdown of the
CYP haem protein through attack by H2O2 leads to the
release of catalytic iron, which, in turn, generates more
potent tissue-damaging oxidants such as the hydroxyl
radical. Glyphosate’s induction of excess H2O2 as discussed
earlier would cause an increase in the bioavailability of
catalytic free iron to work synergistically with H2O2 to
cause toxicity.
Methylglyoxal and other glycating agents may be a
significant factor in the development of kidney disease.
Twelve weeks of administration through drinking water of
methylglyoxal to Dahl salt-sensitive rats led to an increase
in systolic blood pressure and significantly increased
urinary albumin excretion, glomerular sclerosis, tubular
injury, myocardial collagen content and cardiac perivascular
fibrosis [174]. Renal markers of AGE production,
oxidative stress and inflammation were all elevated.
Acquired cystic kidney disease (ACKD) can lead to
renal tumours, and the tumours often accumulate calcium
oxalate crystals [175]. These tumours are often
associated with distinctive morphological features, where
the tumour cells have ill-defined cell membranes,
abundant granular eosinophilic cytoplasm, large nuclei
and prominent nucleoli. In another study identifying
intratumoral calcium oxalate crystal deposition in two
cases of high-grade renal carcinomas, the authors
suggested a relationship between tumour growth and
oxalate crystal deposition [176]. This suggests a rôle for
oxalic acid added to glyphosate-based formulations.
An in vitro study on rat testis and Sertoli cells
demonstrated that Roundup triggers calcium-mediated
cell death associated with reductions in levels of the
antioxidant glutathione, along with thiobarbituric acid
reactive species (TBARS) and protein carbonyls indicative
of protein oxidation and glycation damage [94]. Administration of L-buthionine(S,R)-sulfoximine (BSO), a specific
inhibitor of glutathione synthesis, to rats caused reduced
glutathione levels in the kidneys and a marked increase in
pathologies linked to polycystic kidney disease [177].
14. CATARACTS AND MELANOMA

As we showed previously, Monsanto’s own studies
revealed increased risk of cataracts following exposure to
Roundup. Early-onset cataracts are associated with
insufficient antioxidative activity and, therefore, are a
potential risk of cancer, as verified in a recent nationwide
study based in Taiwan [178].
Methylglyoxal is implicated in cataract development
[179, 180]. Methylglyoxal induces endoplasmic reticulum
stress in human lens epithelial cells, and activates an
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unfolded protein response leading to overproduction of
ROS. Overexpression of Keap1 protein causes proteasomal
degradation of Nrf2, thus suppressing Nrf2-dependent
stress protection. As a consequence, the cellular redox
balance is altered toward lens oxidation and cataract
formation [179].
There is a link between cholestasis and cataracts via
poor absorption of nutrients that protect the lens from
UV damage. Studies on short-term exposure of catfish to
sublethal levels of Roundup revealed toxicity to the gills,
liver and kidneys [181]. The observed elevated levels of
unconjugated bilirubin and alanine aminotransferase
(ALT) are indicative of cholestasis, likely in part a
consequence of impaired CYP enzyme function.
Cholestasis impairs the absorption of fat-soluble vitamins
and previtamins such as the carotenoids [182]. Lutein
and zeaxanthin are carotenoids that play an important rôle
in the lens and macular region of the retina to protect
from oxidative damage due to sunlight exposure [183,
184]. They are highly lipophilic and, therefore, like the
fat-soluble vitamins, depend on adequate bile flow for
gastrointestinal absorption. Cholestatic patients have
greatly reduced serum levels of these nutrients [182].
Tryptophan is a product of the shikimate pathway
that glyphosate suppresses. A tryptophan-free diet
induces cataracts in young Wistar rats, along with a
significant decrease in lens weight and water-soluble lens
protein [185]. Kynurenine is a breakdown product of
tryptophan, and it has been suggested that kynurenine
and its glycoside derivatives in the ocular lens protect the
retina from UV light by absorbing UV radiation [186].
Kynurenine is present in excessive concentrations in
cataracts [186].
Melanoma is one of the types of cancer that have
been linked to glyphosate exposure in agriculture. An
age-adjusted analysis revealed an 80% increased risk of
melanoma associated with glyphosate use in a study on
pesticide applicators in Iowa and North Carolina [187]. It
is possible that impaired supply of the aromatic amino
acids, tryptophan and tyrosine due to disruption of the
shikimate pathway in gut microbes plays a rôle in
increased risk to melanoma.
In vitro, exposure to 0.1 mM glyphosate induced
hyperproliferation in human skin keratinocytes (HaCaT)
cells, suggesting carcinogenic potential [188]. The
mechanism involves increased ROS expression and the
emptying of intracellular calcium stores, which facilitates
basal cell or squamous cell carcinomas. Cells accumulated
in S-phase of the cell cycle, while mitochondrial apoptotic
signalling pathways were downregulated.
Melanin plays an important protective rôle in the skin
against UV exposure, and dark-skinned races have
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significantly reduced risk of skin melanoma because of
their naturally higher levels of melanin [189].
Melanosomes are tissue-specific organelles in pigment
cells that resemble lysosomes, in which melanin is
synthesized and stored [190]. L-tyrosine is the precursor
to melanin synthesis, and the pathway involves the
intermediary, L-dopa. Both L-tyrosine and L-dopa, when
supplied to cells with melanogenic potential, increase not
only the synthesis of melanin but also the formation of
melanosomes within the cells [191].
While blacks have protection against skin cancer
due to the high concentration of melanin in their skin, dark
skin also appears to be a risk factor for autism. A study
based in Los Angeles showed that children born to black
foreign-born women had a substantially increased risk for
low-functioning autism [192]. A similar observation has
been made in Sweden [193] and the UK [194]. One
possibility is that increased demand for melanin in the skin
depletes the supply of tyrosine for dopamine synthesis.
Genetic mutations in dopamine transport proteins have
been linked to autism [195, 196]. The defect features a
persistent reverse transport of dopamine (substrate efflux
from the synapse), which reduces the amount of time
extracellular dopamine is available for signalling effects
[195]. Other genes of the dopaminergic network are also
linked to autism, including syntaxin [197] and enzymes
involved in dopamine metabolism [198]. Hence, we
hypothesize that reduced bioavailability of tyrosine (due
to disruption of the shikimate pathway in gut microbes)
for either dopamine synthesis or melanin synthesis leads
to different outcomes (autism vs melanoma) depending
on race-related skin colour.
Tryptophan is an essential amino acid for lymphocyte
activation and proliferation, which promotes surveillance
and elimination of tumour cells [199, 200]. Tryptophan is
also produced by gut microbes via the shikimate pathway
that glyphosate disrupts, suggesting that glyphosate exposure
to gut microbes could impair tryptophan bioavailability to the
human host. The enzyme indoleamine 2,3-dioxygenase
(IDO) catalyses the degradation of tryptophan to
kynurenines. Tumours of the lung [201], colon [202],
liver [203], breast [204] and uvea [205], as well as skin
melanoma [206], overexpress IDO, and it is believed that
this leads to an ability to evade immune surveillance by Tcells via depletion of tryptophan bioavailability in the
surrounding milieu [205]. It is interesting that IDO offers
significant protection from UV damage by producing
tryptophan-based filters that protect the cornea, lens and
retina from UV-induced photo-oxidation [207, 208]. It
may well be that tumours exploit IDO for this purpose as
well. Clearly, decreased bioavailability of tryptophan due
to glyphosate’s effects on gut microbes would enhance
JBPC Vol. 15 (2015)

the tumour’s ability to deplete tryptophan and avoid
immune surveillance, but might also lead to accelerated
DNA damage within the tumour and increased risk of
metastasis [209].
15. THYROID CANCER

The incidence of thyroid cancer in the United States has
increased dramatically in the past two decades, in step
with the increase in glyphosate usage on corn and soy
crops (R = 0.988, P 7.6 10–9) [1]. It is not clear how
glyphosate might increase risk of thyroid cancer beyond
the general factors already described previously in this
paper, but it is possible that impaired selenium
incorporation into selenoproteins plays a rôle.
Selenium is an important trace element involved in
the protection of cells from oxidative stress, and it is
particularly important for the thyroid. Low serum levels
of selenium are associated with increased risk of thyroid
cancer, and probably play a rôle in carcinogenesis. All
three of the deiodinases that convert thyroxine (T4) into
triiodothyronine (T3) contain selenocysteine, as do
glutathione peroxidase and thioredoxin reductase, which
are important antioxidant enzymes essential for
protecting thyrocytes from oxidative damage [210].
The microbiome plays an important rôle in
incorporating free selenium into selenoproteins, especially
selenocysteine. Lactobacillus reuteri is a popular species
in probiotics, shown to be effective against diarrhoea in
children [211], and to inhibit the prooxidant cytokine TNFin humans [212]. This species has been found to be
especially effective in its ability to produce selenocysteine,
and has been proposed to have therapeutic benefit in
cases of selenium deficiency [213]. Lactobacillus is
especially vulnerable to glyphosate due to its crucial and
unusual need for manganese as an antioxidant [214, 215],
so it is plausible that diminished Lactobacillus representation
in the gut could lead to an impaired supply of selenocysteine
for the thyroid.
16. BREAST CANCER

Breast cancer accounts for one third of cancer diagnoses
and 15% of cancer deaths in women in the United States.
As mentioned previously, an in vitro study has confirmed
that glyphosate stimulates proliferation of human breast
cancer cells when present in concentrations of parts per
trillion [9].1 This effect is specific to hormone-dependent
cell lines, and is mediated by the ability of glyphosate to
act as an oestrogenic agent.
One can obtain an estimate of the time trends in
breast cancer by looking at the CDC’s hospital discharge
data. The results show a steady decrease in breast cancer
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diagnoses up to 2006, followed by an increase from 2006 to
2010 (the last year for which data are available). The
decrease can logically be explained by a growing
awareness of the increased risk of breast cancer
associated with hormone replacement therapy (HRT). A
Women’s Health Initiative (WHI) study, published in
2003, showed a 24% increase in invasive breast cancer
risk associated with oestrogen/progestin therapy [216].
In direct response to this alarming report, HRT
prescriptions in the United States decreased by 38% in
2003. A large study on 1 642 824 women published in 2013,
based on the Breast Cancer Surveillance Consortium,
revealed that HRT (commonly used to treat symptoms of
menopause) increased the risk of breast cancer by 20%
in whites, Asians and hispanics, but not in blacks [217].
By forming separate records from the hospital
discharge data for black and white women, it can be
confirmed that the breast cancer rates among blacks
remained flat up to 2006, supporting the observation that
black women are not subject to increased risk from HRT.
This suggests that one can build a model to correct for the
influence of reduced use of HRT among white women in
order to arrive at a time trend that might more closely
capture any effects of glyphosate. A simple decaying
exponential model matches well for the Caucasian data
from 1998 to 2006, and this model can be extended into
the time interval from 2006 to 2010, and then subtracted
from the original plot, to yield a plot of the residual trends
for breast cancer. The resulting plot is shown in Fig. 3
alongside rates of glyphosate usage on corn and soy crops.
The correlation coefficient is 0.9375 (P-value 0.0001132).

Figure 3. Incidence of breast cancer in US hospital discharge data
from 1998 to 2010 normalized to counts per 1,000,000 population
each year, after subtraction of an exponential model accounting
for the decline in the years up to 2006 in the Caucasian
subpopulation [see text]. This includes all reports of ICD-9 codes
174 and 175. The red line shows trends in glyphosate usage on
corn and soy crops over the same time period.
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A study on rats conducted by Séralini et al. [7]
divided the rats into four groups: (1) control, (2) GM maize
without Roundup, (3) GM maize with Roundup, and (4)
Roundup alone. The major tumours detected in the
female rats were mammary fibroadenomas and adenocarcinomas. These authors summaraized their findings as:
“The Roundup treatment groups showed the greatest
rates of tumour incidence, with 80% of animals affected
with up to 3 tumours for one female, in each group.” For
the group that received Roundup in their drinking water,
all but one of the females presented with mammary
hypertrophies and hyperplasias. The one exception suffered
from a metastatic ovarian carcinoma.
Glyphosate may also indirectly increase risk of
breast cancer by impairing metabolism of toxic phenolic
compounds such as nonylphenols, diethylstilbestrol
(DES), and Bisphenol A (BPA), all widely recognized to
possess oestrogenic activity. Nonylphenols, also known
as alkylphenols, are a family of organic compounds used
extensively as additives in laundry detergents, lubricating
oils, paints, pesticides, personal care products and plastics,
which are known to be xenoestrogenic [218]. DES is an
oestrogenic compound linked to vaginal tumours in
women exposed in utero to this compound when it was
mistakenly believed to be of therapeutic benefit. BPA,
commonly used in plastics production, is now widely
recognized as an endocrine disruptor. PCBs were widely
used as coolants and insulating fluids for transformers
and capacitors until their ban in 1979 by the US
government due to recognition of their toxicity due to
oestrogenic activity. However, they degrade very slowly,
and therefore are still environmental pollutants today.
Liver CYP enzymes play an important rôle in
metabolizing all of these xenoestrogenic compounds.
CYP1A1 is upregulated in response to PCB exposure,
and therefore it likely metabolizes these toxic phenols
[219]. High serum levels of PCBs in conjunction with at
least one (defective) exon 7 variant allele of CYP1A1
increased breast cancer risk [219]. CYP enzymes are
also involved with the metabolism of nonylphenols [220].
Similarly, BPA is mainly metabolized by the CYP2C
subfamily in the liver [221]. Thus, impaired CYP function
due to glyphosate exposure [11, 157, 158] can be
expected to interfere with metabolism of PCBs and
therefore increase their oestrogenic potential, leading
indirectly to increased risk of breast cancer.
High dietary iron enhances the incidence of carcinogeninduced mammary cancer in rats and oestrogen-induced
kidney tumours in hamsters [222]. Oestrogen facilitates
iron uptake by cells in culture. Elevated body iron storage
increases the risk of several cancers, including breast
cancer in humans. Although it might be argued that
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glyphosate’s chelating effects may protect from iron
overload, glyphosate could increase the bioavailability of
free iron due to its damaging effects on red blood cells
[42, 223] working synergistically with its interference in
haem synthesis [144], and by acting as an oestrogen
mimetic to enhance iron uptake. Haem degradation by
reactive oxygen species [224] will lead to the release of
free iron, and we have previously discussed how
glyphosate would induce oxidative stress. In fact, recent
evidence strongly suggests that GGT induces lipid
peroxidation of red blood cell membranes leading to
haemolysis and the release of free iron from chelating
agents [225]. This also results in impaired deformability
which impedes their passage through narrow capillaries.
GGT was found to be enhanced up to 5.4-fold in the liver
in Séralini et al.’s long-term study of rats exposed to
GMO’s plus Roundup [7].
17. NON-HODGKIN’S LYMPHOMA

Striking increases in the incidence of non-Hodgkin
lymphoma (NHL) cancer have occurred over the past
three decades, both in Europe [226] and America [227].
Agricultural workers have a higher risk of NHL than the
general population, but it is difficult to tease out the
effects of glyphosate compared to the myriad other toxic
chaemicals they are exposed to, which also confer
increased risk [228]. However, some studies have been
able to directly link glyphosate to NHL. A threefold
increased risk of NHL in association with glyphosate
exposure was found in a 2002 study from Sweden [229]. A
later Swedish study in 2008 of over 900 cancer cases also
found a significant increased risk of NHL (OR 2.02)
[230]. A Canadian study demonstrated a correlation
between the number of days per year of glyphosate
exposure and the risk of NHL [231].
Increased exposure to superoxide is implicated as a
causal agent in oncogenesis [232], and manganese SOD
(Mn-SOD) is an important antioxidant defence agent in
mitochondria [233]. Mice engineered to be defective in
Mn-SOD had increased DNA damage and higher cancer
incidence [234]. We mentioned earlier that Mn-SOD is
protective against pancreatic cancer. Mn-SOD expression
was also found to be anomalously low in erythrocytes of
patients suffering from NHL [235]. In vitro studies have
shown that an Mn-SOD mimetic had an anti-proliferation
effect on human NHL Raji cells [236]. Glyphosate’s chelating
effects on manganese can be expected to interfere with
Mn-SOD function [82]. Increased Mn-SOD expression
potentiates apoptosis of tumour cells exposed to
dexamethasone [237]. Cationic manganese porphyrins,
probably by acting as Mn-SOD mimetics, have also been
found to play a protective rôle in treating NHL [238, 239].
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Bone marrow involvement is common in NHL and,
particularly for those of T-cell origin, it portends a poor
prognosis [240]. An unpublished study by Monsanto in
1983 confirmed that glyphosate administered by
intraperitoneal injection to rats reaches the bone marrow
within 30 minutes [241]. In an experiment to assess
potential toxicity to bone marrow cells [242], a single
intraperitoneal dose of glyphosate at concentrations of 25
and 50 mg/kg was administered to Swiss albino mice.
Chromosal aberrations and micronuclei, analysed 24, 48,
and 72 hours later, were shown to be significantly
increased compared to vehicle control (P < 0.05). Mitosis
rates were also decreased, indicating cytotoxic effects.
Multiple myeloma is the second most common
haematological malignancy in the USA after non-Hodgkin
lymphoma; it constitutes 1% of all cancers [243]. In a
prospective cohort study of 57 311 licensed pesticide
applicators in Iowa and North Carolina, a greater than
twofold increased risk of multiple myeloma was associated
with ever-use of glyphosate [187].
Coeliac disease, along with the more general
condition, gluten intolerance, has recently reached
epidemic levels in the United States, and it has been
hypothesized that this heightened wheat sensitivity is a
direct consequence of glyphosate contamination of the
wheat, due to the increasingly common practice of wheat
desiccation with glyphosate just before harvest [158].
Coeliac disease patients are at increased risk of cancer,
particularly non-Hodgkin lymphoma, and they have
statistically a shortened lifespan mainly due to this
increased cancer risk.
For coeliac disease patients, serum prolactin (PRL)
levels are high in association with an unrestricted glutencontaining diet, and PRL has been proposed as a useful
marker for coeliac disease [244]. PRL is an important
regulatory hormone released by the pituitary gland, which
is best known for inducing lactation. Bisphenol A, a wellestablished oestrogenic agent, has been shown to lead to
hyperprolactinaemia and growth of prolactin-producing
pituitary cells [245]. Prolonged exposure to Bisphenol A
during childhood may contribute to the growth of a
prolactinoma, the most common form of cancer of the
pituitary. Oestrogen treatment of ovariectomized rats
induced a marked elevation of serum PRL levels [246],
and this was found to be due to oestrogen’s ability to
reduce the capacity of PRL cells to incorporate dopamine
into their secretory granules. Since glyphosate has been
confirmed to be oestrogenic, it is plausible that glyphosate
contamination in wheat is the true source of the observed
elevation of PRL in association with gluten ingestion
among coeliac patients.
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18. CONCLUSION

In this paper, we have reviewed the research literature on
glyphosate and on the biological processes associated
with cancer, and we have provided strong evidence that
glyphosate is likely contributing to the increased prevalence
of multiple types of cancer in humans. Monsanto’s own
early studies revealed some trends in animal models that
should not have been ignored. Forty years of glyphosate
exposure have provided a living laboratory where humans
are the guinea pigs and the outcomes are alarmingly
apparent.
We have shown that glyphosate transforms exposed
cells into a tumour-provoking state by suppressing crucial
enzymes in the electron transport chain, such as succinate
dehydrogenase and fumarate hydratase. Glyphosate
chelates manganese, reducing its bioavailability, and
manganese is an important catalyst for Mn-SOD, which
protects mitochondria from oxidative damage, which can
cause mutations in DNA. Glyphosate also causes impaired
metabolism of fructose, due to the accumulation of PEP
following blockage of the shikimate pathway. This leads
to the synthesis of multiple short-chain sugars that are
known to be highly potent glycating agents, such as
methylglyoxal and glyoxalate. Glyphosate is readily
nitrosylated, and nitrosyl glyphosate is known to be
extremely toxic and carcinogenic. Microbial pathways
convert glyphosate into sarcosine, a known marker for
prostate cancer, likely due to its nitrosylated form.
An often overlooked aspect of glyphosate’s toxicity
is its interference with enzymes that have glycine as
substrate, due to mimicry. Phenolic compounds are
detoxified by gut microbes through glycine conjugation to
produce products such as hippurate. Bifidobacteria are
important for the rôle they play in protecting from these
xenobiotics through such conjugation. Reduced hippurate
is linked to Crohn’s diseases and inflammatory bowel
disease, which show epidemiological trends that match
the increased use of glyphosate on core crops, and which
are linked to increased risk of a broad range of cancers,
most especially non-Hodgkin lymphoma. Lymphoma has
also been linked to glyphosate through studies of
environmental exposure in agricultural settings.
Multiple studies, both in vitro and in vivo, have shown
that glyphosate damages DNA, a direct step towards
tumorigenicity. These studies have been conducted on
sea urchins, fish, mice and various human cell types in
vitro. Children in Malaysia living near rice paddies have
evidence of DNA damage.
Epidemiological studies strongly support links
between glyphosate and multiple cancers, with extremely
well matched upward trends in multiple forms of cancer
in step with the increased use of glyphosate on corn and
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soy crops. While these strong correlations cannot prove
causality, the biological evidence is strong to support
mechanisms that are likely in play, which can explain the
observed correlations through plausible scientific arguments.
Glyphosate’s links to specific cancer types can often
be explained through specific pathologies. For example,
succinate dehydrogenase deficiency is linked to adrenal
cancer [17]. Selenoprotein deficiency is likely contributory
towards thyroid cancer. Glyphosate’s action as an
oestrogen mimetic explains increased breast cancer risk.
Prostate cancer is linked to sarcosine, a by-product of
glyphosate breakdown by gut microbes. Impaired
fructose metabolism links to fatty liver disease, which is a
risk factor for hepatic tumorigenesis. Impaired melanin
synthesis by melanocytes due to deficiencies in the
precursor, tyrosine, a product of the shikimate pathway,
can explain increased incidence of skin melanoma. This
is compounded by tryptophan deficiency, as tryptophan is
also protective against UV exposure.
Manganese deficiency stresses the pancreas and
impairs insulin synthesis, and this could explain the recent
epidemic in pancreatic cancer. Increased oxalate, due in
part to the proprietary formulations, stresses the kidney
and contributes to risk of renal tumours. Glyphosate’s
accumulation in bone marrow can be expected to disrupt
the maturation process of lymphocytes from stem cell
precursors. Glycine forms conjugates with organic benzenederived carcinogenic agents, and glyphosate likely
interferes with this process. Glyphosate’s interference
with CYP enzyme function impairs detoxification of
multiple other carcinogenic agents, increasing their
carcinogenic potential. Overall, the evidence of the carcinogenicity of glyphosate is compelling and multifactorial.
APPENDIX: NEOPLASTIC INCIDENCE DATA FROM
MONSANTO

Two-Year Animal Studies
In this section we present selected tables tabulating
tumours and malignancies, separately for male and female
rats, in the long-term study conducted by Lankas & Hogan
and reported on in an unpublished document in 1981 [17].
The rats were exposed to three different doses of
glyphosate added to their feed (3, 10, and 30 mg kg–1 day–1)
and compared with unexposed controls.
Similarly, we present tables tabulating all of the
tumours and malignancies that were found, separately for
male and female mice, in the long-term study conducted
by Knezevich & Hogan and reported on in an
unpublished document in 1983 [18]. The mice were
exposed to three different doses of glyphosate added to
their feed (1000, 5000 and 30 000 ppm) and compared
with unexposed controls.
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Table A1. Incidence of neoplastic findings in male rats with glyphosate administered by diet. Part I. Data extracted
from Lankas & Hogan (1981) [17].
–1

Glyphosate /mg kg day

–1

Adenoma
Carcinoma
Glioma
Reticulum cell sarcoma
Sarcoma 0/50 (0%)
Reticulum cell sarcoma
MSa Malignant mixed tumour
Reticulum cell sarcoma
MSa Fibrosarcoma
Reticulum cell sarcoma
Reticulum cell sarcoma
Squamous cell carcinoma,
Cardia

0

Reticulum cell sarcoma

0/49 (0%)

Tubular adenoma
Reticulum cell sarcoma
Lipoma

1/50 (2%)
1/50 (2%)
1/50 (2%)

Interstitial cell tumour

0/50 (0%)

a

MS = metastatic.
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3

PITUITARY
16/48 (33%)
19/49 (38%)
3/48 (6%)
2/49 (4%)
BRAIN
1/49 (2%)
3/50 (6%)
HEART
0/49 (0%)
0/49 (0%)
LUNG
0/50 (0%)
0/50 (0%)
1/50 (2%)
1/50 (2%)
0/50 (0%)
1/50 (2%)
MANDIBULAR SALIVARY GLAND
0/49 (0%)
0/49 (0%)
MEDIASTINAL LYMPH NODE
0/39 (0%)
0/39 (0%)
1/39 (3%)
0/39 (0%)
SPLEEN
0/50 (0%)
0/50 (0%)
STOMACH
0/50 (0%)
0/49 (0%)
JEJUNUM
0/46 (0%)
KIDNEY
1/50 (2%)
1/50 (2%)
1/50 (2%)
TESTES
3/50 (6%)

10

30

20/48 (40%)
3/48 (6%)

18/47 (36%)
1/47 (2%)

0/50 (0%)

1/50 (2%)

1/50 (2%)

0/50 (0%)

0/50 (2%)
1/50 (2%)
0/50 (0%)

1/50 (2%)
1/50 (2%)
0/50 (0%)

1/49 (2%)

0/49 (0%)

1/32 (3%)
1/32 (3%)

0/35 (0%)
0/35 (0%)

2/50 (4%)

1/50 (2%)

0/48 (0%)

1/49 (2%)

1/48 (2%)

0/49 (0%)

0/50 (0%)
1/50 (2%)
1/50 (2%)

0/50 (0%)
0/50 (0%)
0/50 (0%)

1/50 (2%)

6/50 (12%)
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Table A2. Incidence of neoplastic findings in male rats with glyphosate administered by diet. Part II.
Data extracted from Lankas & Hogan (1981) [17].
–1

–1

Glyphosate /mg kg day
Reticulum cell sarcoma
Papilloma
C-cell carcinoma
Follicular adenoma
Adenoma
Reticulum cell sarcoma
Pheochromo-cytoma
Cortical adenoma
Basosquamous cell tumour
Sebaceous gland adenoma
Squamous cell carcinoma
Fibrosarcoma
Fibroma
Neuro brosarcoma
Lipoma
Osteogenic sarcoma
Malignant mixed tumour
Reticulum cell sarcoma
Lipoma
Reticulum cell sarcoma
MS a Islet cell carcinoma
Reticulum cell sarcoma
a

MS = metastatic.
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0

3

PROSTATE
0/50 (0%)
0/47 (0%)
URINARY BLADDER
0/46 (0%)
1/45 (2%)
THYROID
0/49 (0%)
0/47 (0%)
1/47 (2%)
2/49 (4%)
PARATHYROID
2/30 (4%)
0/27 (0%)
ADRENAL
0/50 (0%)
0/50 (0%)
8/50 (16%)
8/50 (16%)
2/50 (4%)
4/50 (8%)
SKIN
0/49 (0%)
0/48 (0%)
0/49 (0%)
0/48 (0%)
PERIOCULAR TISSUE
0/0 (0%)
0/0 (0%)
SUBCUTANEOUS TISSUE
2/10 (20%)
1/12 (8%)
0/10 (0%)
3/12 (24%)
0/10 (0%)
0/12 (0%)
1/10 (10%)
2/12 (17%)
0/10 (0%)
0/12 (0%)
0/10 (0%)
1/12 (8%)
MEDIASTINAL TISSUE
0/7 (0%)
0/1 (0%)
ABDOMEN
0/0 (0%)
0/0 (0%)
ABDOMINAL CAVITY
0/0 (0%)
0/0 (0%)
LUMBAR LYMPH NODE
0/0 (0%)
0/0 (0%)
SACRAL LYMPH NODE
0/1 (0%)
1/3 (33%)

10

30

1/49 (2%)

0/49 (0%)

0/43 (0%)

0/46 (0%)

1/49 (2%)
4/49 (8%)

0/49 (0%)
4/49 (8%)

0/28 (0%)

0/27 (0%)

1/50 (2%)
5/50 (10%)
1/50 (2%)

0/50 (0%)
11/50 (22%)
1/50 (2%)

0/49 (0%)
0/49 (0%)

1/49 (2%)
1/49 (2%)

1/1 (100%)

0/0 (0%)

2/10 (20%)
1/10 (10%)
0/10 (0%)
0/10 (0%)
1/10 (10%)
0/10 (0%)

3/7 (43%)
2/7 (29%)
1/7 (14%)
0/7 (0%)
0/7 (0%)
0/7 (0%)

0/4 (0%)

1/2 (50%)

0/0 (0%)

1/1 (100%)

1/1(100%)

0/0 (0%)

0/0 (0%)

1/1 (100%)

0/3 (0%)

0/3 (0%)
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Table A3. Incidence of neoplastic findings in female rats with glyphosate administered by diet. Part I.
Data extracted from Lankas & Hogan (1981) [17].

Glyphosate /mg kg–1 day–1
Carcinoma
Invasive pituitary carcinoma
Malignant lymphoma
Glioma
Malignant lymphoma
Malignant lymphoma
Reticulum cell sarcoma
Malignant lymphoma
Adenocarcinoma
Carcinoma
Reticulum cell sarcoma
Malignant lymphoma
Hepatocellular carcinoma
Malignant lymphoma
Reticulum cell sarcoma
Islet cell carcinoma
Metastatic fibrosarcoma
Malignant lymphoma
Thymoma
Reticulum cell sarcoma
Malignant lymphoma
Malignant lymphoma
Reticulum cell sarcoma
Malignant lymphoma
Leiomyosarcoma
Reticulum cell sarcoma
Reticulum cell sarcoma
Transitional cell tumour

JBPC Vol. 15 (2015)

0

3

10

PITUITARY
8/48 (17%)
7/48 (15%)
5/50 (10%)
BRAIN
0/50 (0%)
0/49 (0%)
1/50 (2%)
0/50 (0%)
0/49 (0%)
0/50 (0%)
0/50 (0%)
0/49 (0%)
0/50 (0%)
CERVICAL SPINAL CORD
0/50 (0%)
0/50 (0%)
0/50 (0%)
HEART
0/50 (0%)
0/50 (0%)
0/50 (0%)
LUNG
2/49 (4%)
2/50 (4%)
1/49 (2%)
0/49 (0%)
1/50 (2%)
0/49 (0%)
0/49 (0%)
0/50 (0%)
0/49 (0%)
0/49 (0%)
0/50 (0%)
1/49 (2%)
LIVER
2/50 (4%)
2/50 (4%)
1/50 (2%)
0/50 (0%)
0/50 (0%)
1/50 (2%)
1/50 (2%)
0/50 (0%)
0/50 (0%)
MESENTERIC LYMPH NODE
0/42 (0%)
0/39 (0%)
0/48 (0%)
0/42 (0%)
0/39 (0%)
0/48 (0%)
PANCREAS
0/50 (0%)
1/50 (2%)
1/50 (2%)
MANDIBULAR SALIVARY GLAND
0/48 (0%)
0/50 (0%)
1/49 (2%)
THYMUS
0/25 (0%)
0/32 (0%)
1/37 (3%)
0/25 (0%)
0/32 (0%)
1/37 (3%)
MEDIASTINAL LYMPH NODE
0/33 (0%)
1/29 (3%)
0/37 (0%)
0/33 (0%)
0/29 (0%)
1/37 (3%)
SPLEEN
0/50 (0%)
0/50 (0%)
1/50 (2%)
2/50 (4%)
2/50 (4%)
1/50 (2%)
STOMACH
0/50 (0%)
0/50 (0%)
0/50 (0%)
JEJUNUM
0/50 (0%)
1/48 (2%)
0/49 (0%)
ILEUM
0/47 (0%)
0/49 (0%)
0/49 (0%)
COLON
0/50 (0%)
0/50 (0%)
0/49 (0%)
URINARY BLADDER
0/50 (0%)
0/48 (0%)
0/48 (0%)

30
12/49 (24%)
1/50 (2%)
1/50 (2%)
1/50 (2%)
1/50 (2%)
1/50 (2%)
3/50 (6%)
1/50 (2%)
1/50 (2%)
0/50 (0%)
2/50 (4%)
2/50 (4%)
2/50 (4%)
1/47 (2%)
2/47 (4%)
1/49 (2%)
0/49 (0%)
1/34 (3%)
0/34 (0%)
0/30 (0%)
2/30 (7%)
2/50 (4%)
5/50 (10%)
1/50 (2%)
0/49 (0%)
1/48 (2%)
1/48 (2%)
1/44 (2%)
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Table A4. Incidence of neoplastic findings in female rats with glyphosate administered by diet. Part II.
Data extracted from Lankas & Hogan (1981) [17].
–1

Glyphosate /mg kg day

–1

0

3

10

30

OVARY
Granulosa cell tumour
Theca-granulosa cell tumour

8/49 (16%)
8/50 (16%)
0/49 (0%)
0/50 (0%)
UTERUS

6/48 (13%)
0/48 (0%)

6/45 (13%)
1/45 (2%)

Squamous cell carcinoma
Endometrial sarcoma
Adenoma

0/50 (0%)
0/50 (0%)
0/50 (0%)

0/50 (0%)
0/50 (0%)
0/50 (0%)

0/49 (0%)
0/49 (0%)
2/49 (4%)

1/49 (2%)
1/49 (2%)
1/49 (2%)

(6%)
(0%)
(0%)

6/50 (12%)
2/50 (4%)
1/50 (2%)

3/47 (6%)
6/47 (12%)
0/47 (0%)

(0%)

0/25 (0%)

1/23 (4%)

(2%)
(4%)
(20%)
(0%)

1/50 (2%)
2/50 (4%)
6/50 (12%)
0/50 (0%)

3/49 (6%)
2/49 (4%)
4/49 (8%)
1/49 (2%)

10(48) (20%)
8(48) (16%)
27(48) (56%)
20(48) (41%)

5(44) (11%)
5(44) (11%)
22(44) (50%)
16/44 (36%)

1/50 (2%)

0/47 (0%)

0/47 (0%)
1/47 (2%)

1/44 (2%)
0/44 (0%

1/46 (2%)
1/46 (2%)

1/45 (2%)
3/45 (6%)

C-cell adenoma
C-cell carcinoma
Metastatic fibrosarcoma
Adenoma
Reticulum cell sarcoma
Pheochromo-cytoma
Cortical adenoma
Malignant lymphoma
Adenoma (L)
Adenoma (R)
Fibroadenoama (L)
Fibroadenoama (R)
Periocular fibrosarcoma
Malignant lymphoma
Invasive fibrosarcoma
Malignant lymphoma
Reticulum cell sarcoma
Lipoma
Reticulum cell sarcoma
Reticulum cell sarcoma
Reticulum cell sarcoma
Malignant lymphoma
Transitional cell carcinoma
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THYROID
5/47 (10%)
3/49
1/47 (2%)
0/49
0/47 (0%)
0/49
PARATHYROID
0/23 (0%)
0/25
ADRENAL
1/50 (2%)
1/50
1/50 (2%)
2/50
5/50 (10%)
10/50
0/50 (0%)
0/50

MAMMARY GLAND (L&R)

4(47) (8%)
4(47) (8%)
33/47) (66%)
24(47) (48%)

7(46) (15%)
7(46) (15%)
28(46) (61%)
16(46) (35%)

EYE
0/49 (0%)
0/48 (0%)
HARDERIAN GLAND
0/47 (0%)
0/45 (0%)
0/47 (0%)
0/45 (0%)
BONE MARROW
0/46 (0%)
0/44 (0%)
1/46 (2%)
0/44 (0%)
SUBCUTANEOUS TISSUE
0/4 (0%)
0/6 (0%)
0/4 (0%)
2/6 (33%)
MEDIASTINAL TISSUE
0/2 (0%)
1/1 (100%)
MESENTERY
0/5 (0%)
0/5 (0%)
MANDIBULAR LYMPH NODE
0/2 (0%)
0/3 (0%)
URETER
0/0 (0%)
0/0 (0%)

0/1 (0%)
0/1 (0%)

2/2 (100%)
0/2 (0%)

0/2 (0%)

0/2 (0%)

0/2 (0%)

2/7 (29%)

0/6 (0%)

1/6 (17%)

1/1 (100%)

1/1 (100%)
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Table A5. Incidence of neoplastic findings in male mice with glyphosate administered by diet. Part I. From Knezevich
& Hogan,1983 [18]. BN = Benign, MG = Malignant, MS = Metastatic.
Glyphosate (ppm)
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations

0

Low (1000)

Mid (5000)

High (30 000)

BRAIN
0/49 (0%)
0/50 (0%)

1/50 (2%)

0/50 (0%)

HEART
0/47 (0%)
1/49 (2%)

2/49 (4%)

1/50 (2%)

LUNGS
BN Bronchiolar-alveolar adenoma
MG Bronchiolar-alveolar
adeno-carcinoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
MG Hepatocellular adenocarcinoma
BN Hepatocellular adenoma
MG Hepatocellular carcinoma
MS Histiocytic sarcoma
MS Liposarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MG Histiocytic Sarcoma
with leukaemic manifestations
MG Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MG Lymphoblastic lymphosarcoma
MS Histiocytic sarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MG Lymphoblastic lymphosarcoma
with leukaemic manifestations

JBPC Vol. 15 (2015)

5/48 (10%)
4/48 (8%)

9/50 (18%)
3/50 (6%)

9/50 (18%)
2/50 (4%)

9/50 (18%)
1/50 (2%)

1/48 (2%)

4/50 (8%)

3/50 (6%)

1/50 (2%)

0/48 (0%)
LIVER
5/49 (10%)
0/49 (0%)
0/49 (0%)
0/49 (0%)
0/49 (0%)
1/49 (2%)

1/50 (2%)

0/50 (0%)

0/50 (0%)

6/50 (12%)
0/50 (0%)
0/50 (0%)
1/50 (2%)
0/50 (0%)
4/50 (8%)

6/50 (12%)
1/50 (2%)
0/50 (0%)
0/50 (0%)
1/50 (2%)
2/50 (4%)

4/50 (8%)
0/50 (0%)
2/50 (4%)
0/50 (0%)
1/50 (2%)
2/50 (4%)

MESENTERIC LYMPH NODES
0/40 (0%)
1/50 (2%)

0/46 (0%)

0/49 (0%)

1/40 (2%)

2/50 (4%)

1/46 (2%)

0/49 (0%)

0/40 (0%)

0/50 (0%)

1/46 (2%)

2/49 (4%)

0/46 (0%)

0/49 (0%)

0/41 (0%)
1/41 (2%)

0/49 (0%)
2/49 (4%)

2/41 (5%)

0/49 (0%)

0/40 (0%)
1/50 (2%)
MEDIASTINAL LYMPH NODES
0/45 (0%)
1/49 (2%)
1/45 (2%)
2/49 (4%)
0/45 (0%)

0/49 (0%)
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Table A6. Incidence of neoplastic findings in male mice with glyphosate administered by diet. Part II. From
Knezevich & Hogan,1983 [18]. BN = Benign, MG = Malignant, MS = Metastatic.
Glyphosate (ppm)
MG Hemangio-endothelioma
MS Histiocytic sarcoma
MS Lymphoblastic lymphosarcoma
MG Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Histiocytic Sarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
BN Renal tubule adenoma
MS Histiocytic sarcoma
MS Composite lymphosarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
BN Cortical adenoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
BN Lymphoblastic lymphosarcoma
with leukaemic manifestations
BN Adenoma
MG Liposarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Histiocytic sarcoma
MS Composite lymphosarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MG Lymphoblastic lymphosarcoma
with leukaemic manifestations
BN Interstitial cell tumor
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
BN Lymphoblastic lymphosarcoma
with leukaemic manifestations
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0

Mid (5000)

High (30 000)

SPLEEN
0/48 (0%)
0/49 (0%)
0/48 (0%)
1/49 (2%)
1/48 (2%)
2/49 (4%)
0/48 (0%)
2/49 (4%)

Low (1000)

1/50 (2%)
0/50 (0%)
2/50 (4%)
0/50 (0%)

0/49 (0%)
0/49 (0%)
0/49 (0%)
1/49 (2%)

PANCREAS
0/48 (0%)
1/48 (2%)
0/48 (0%)
0/48 (0%)

0/50 (0%)
1/49 (2%)

0/49 (0%)
0/50 (0%)

KIDNEYS
0/49 (0%)
0/49 (0%)
0/49 (0%)
1/49 (2%)
1/49 (2%)
0/49 (0%)
1/49 (2%)
3/49 (6%)

1/50 (2%)
0/50 (0%)
0/50 (0%)
2/50 (4%)

3/50 (6%)
0/50 (0%)
0/50 (0%)
2/50 (4%)

ADRENAL GLANDS
1/48 (2%)
2/49 (4%)
0/48 (0%)
1/49 (2%)

0/50 (0%)
0/50 (0%)

1/48 (2%)
0/48 (0%)

0/48 (0%)

1/49 (2%)

0/48 (0%)

0/49 (0%)

HARDERGIAN GLAND
1/47 (2%)
0/48 (0%)
0/47 (0%)
0/48 (0%)
BONE MARROW
1/40 (2%)
2/45 (4%)

0/45 (0%)
1/45 (2%)

0/48 (0%)
0/48 (0%)

1/47 (2%)

1/49 (2%)

LYMPH NODE
0/0 (0%)
1/3 (33%)
0/0 (0%)
0/3 (0%)
0/0 (0%)
1/3 (33%)

0/2 (0%)
1/2 (50%)
1/2 (50%)

0/2 (0%)
0/2 (0%)
0/2 (0%)

0/0 (0%)

0/3 (0%)

0/2 (0%)

1/2 (50%)

TESTES
1/49 (2%)
0/48 (0%)
0/49 (0%)
1/48 (2%)

2/50 (4%)
0/50 (0%)

0/50 (0%)
0/50 (0%)

0/49 (0%)

1/50 (2%)

0/50 (0%)

0/48 (0%)
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Table A7. Incidence of neoplastic findings in female mice with glyphosate administered by diet. Part I. From Knezevich
& Hogan,1983 [18]. BN = Benign, MG = Malignant, MS = Metastatic.
Glyphosate (ppm)
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
BN Bronchiolar-alveolar adenoma
MG Bronchiolar-alveolar adenocarcinoma
BN Granulosa cell tumour
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
MG Hepatocellular adenocarcinoma
BN Hepatocellular adenoma
MS Leiomyosarcoma
MS Granulocytic leukaemia
MG Hemangioendiothelioma
MS Composite lymphosarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
MS Leimyosarcoma
MS Granulocytic leukaemia
MG Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Composite lymphosarcoma
MG Lymphoblastic lymphosarcoma
MS Lymphoblastic lymphosarcoma
MS Haemangioendothelioma
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C ontrols
0

Mid
Mid (5000)

High
High (30 000)

BRAIN
0/50 (0%)
0/49 (0%)

1/50 (2%)

0/50 (0%)

HEART
0/50 (0%)
0/50 (0%)

2/50 (4%)

0/49(0%)

9/50 (18%)
3/50 (6%)
1/50 (2%)
2/50 (4%)

10/49 (20%)
4/49 (8%)
0/49 (0%)
5/49 (10%)

1/50 (2%)
4/50 (8%)
0/50 (0%)
1/50 (2%)

0/50 (0%)

0/49 (0%)

1/50 (2%)

2/50 (4%)
1/50 (2%)
1/50 (2%)
3/50 (6%)
0/50 (0%)
1/50 (2%)
4/50 (8%)

1/49 (2%)
0/49 (0%)
0/49 (0%)
0/49 (0%)
2/49 (4%)
0/49 (0%)
4/49 (8%)

0/49 (0%)
0/49 (0%)
0/49 (0%)
0/49 (0%)
0/49 (0%)
4/49 (8%)
1/49 (2%)

0/49 (0%)
0/50 (0%)
MESENTERIC LYMPH NODES
0/49 (0%)
1/49 (2%)
0/49 (0%)
1/49 (2%)
0/49 (0%)
3/49 (6%)

0/49 (0%)

2/49 (4%)

0/48 (0%)
0/48 (0%)
1/48 (2%)

0/48 (0%)
0/48 (0%)
1/48 (2%)

LUNGS
10/49 (20%)
1/49 (2%)
0/49 (0%)
1/49 (2%)
0/50 (0%)
LIVER
1/49 (2%)
0/49 (0%)
0/49 (0%)
0/49 (0%)
0/49 (0%)
2/49 (4%)
1/49 (2%)

Low
Low (1000)

1/49 (2%)

1/49 (2%)

3/48 (6%)

0/48 (0%)

1/49 (2%)
0/49 (0%)
0/49 (0%)
0/49 (0%)

1/49 (2%)
0/48 (0%)
0/49 (0%)
0/49 (0%)

1/48 (2%)
0/48 (0%)
0/49 (0%)
0/49 (0%)

3/48 (6%)
2/48 (4%)
1/49 (2%)
1/49 (2%)
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Table A8. Incidence of neoplastic findings in female mice with glyphosate administered by diet. Part II. From
Knezevich & Hogan,1983 [18]. BN = Benign, MG = Malignant, MS = Metastatic.
Glyphosate (ppm)
MS Leimyosarcoma
MS Granulocytic leukaemia
MS Liposarcoma
MS Composite lymphosarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MG Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
MS Leiomyosarcoma
MG Hemangio-endothelioma
MG Granulocytic leukemia
MS Hemangio-endiothelioma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MG Lymphoblastic lymphosarcoma
with leukaemic manifestations
MG Composite lymphosarcoma
MS Lymphoblastic lymphosarcoma
MG Leiomyosarcoma
MG Gastric adenosarcoma
MS Granulocytic leukaemia
MS Composite lymphosarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Leiomyosarcoma
MS Granulocytic leukaemia
MS Composite lymphosarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
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Mid
Mid (5000)

High
High (30 000)

0/39 (0%)
0/39 (0%)
0/39 (0%)
0/39 (0%)
3/39 (8%)

0/47 (0%)
0/47 (0%)
0/47 (0%)
2/47 (4%)
0/47 (0%)

1/48 (2%)

2/39 (5%)

0/47 (0%)

0/42 (0%)
1/48 (2%)
SALIVARY GLAND
0/50 (0%)
0/50 (0%)
SPLEEN
1/50 (2%)
0/48 (0%)
0/50 (0%)
3/48 (6%)
0/50 (0%)
0/48 (0%)
1/50 (2%)
2/48 (4%)

0/39 (0%)

1/47 (2%)

1/50 (2%)

0/47 (0%)

2/49 (4%)
0/49 (0%)
0/49 (0%)
2/49 (4%)

1/49 (2%)
0/49 (0%)
1/49 (2%)
0/49 (0%)

0/50 (0%)

0/48 (0%)

2/49 (4%)

0/49 (0%)

1/50 (2%)
1/48 (2%)
0/50 (0%)
0/48 (0%)
STOMACH
0/48 (0%)
0/49 (0%)
0/48 (0%)
0/49 (0%)
PANCREAS
0/47 (0%)
1/47 (2%)
2/47 (4%)
1/47 (2%)
1/47 (2%)
1/47 (2%)

1/49 (2%)
0/49 (0%)

5/49 10%)
1/49 (2%)

1/50 (2%)
1/50 (2%)

0/50 (0%)
0/50 (0%)

0/49 (0%)
0/49 (0%)
1/49 (2%)

0/50 (0%)
1/50 (2%)
0/50 (0%)

KIDNEYS
0/50 (0%)
1/50 (2%)
0/50 (0%)
1/50 (2%)
2/50 (4%)
1/50 (2%)
1/50 (2%)
2/50 (4%)

0/50 (0%)
0/50 (0%)
1/50 (2%)
3/50 (6%)

0/50 (0%)
0/50 (0%)
2/50 (4%)
1/50 (2%)

0/50 (0%)

0/50 (0%)

1/50 (2%)

Controls
0

Low
Low (1000)

MEDIASTINAL LYMPH NODES
0/42 (0%)
1/48 (2%)
0/42 (0%)
1/48 (2%)
1/42 (2%)
0/48 (0%)
1/42 (2%)
1/48 (2%)
0/42 (0%)
1/48 (2%)
1/42 (2%)

0/50 (0%)
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Table A9. Incidence of neoplastic findings in female mice with glyphosate administered by diet. Part III. From
Knezevich & Hogan,1983 [18]. BN = Benign, MG = Malignant, MS = Metastatic.
Glyphosate (ppm)
MS Granulocytic leukaemia
MS Composite lymphosarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MG Teratoma
MG Granulosa cell tumour
MS Leiomyosarcoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS/BN Lymphoblastic lymphosarcoma with leukaemic manifestations
MS Leiomyoma
MG Leiomyosarcoma
MG Endometrial stromal cell carcinoma
MS Haemangioma
MG Haemangio-endiothelioma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MG Leiomyosarcoma
MS Follicular adenoma
MG Fibrosarcoma
MG Ductal adenocarcinoma
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
with leukaemic manifestations
MS Lymphoblastic lymphosarcoma
MS Composite lymphosarcoma
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Controls
Low
0
Low (1000)
URINARY BLADDER
0/47 (0%)
1/43 (2%)

Mid
Mid (5000)

High
High (30 000)

0/49 (0%)

0/48 (0%)

1/47 (2%)
1/47 (2%)

1/43 (2%)
2/43 (4%)

0/49 (0%)
2/49 (4%)

0/48 (0%)
0/48 (0%)

OVARIES
0/47 (0%)
1/47 (2%)
0/47 (0%)
1/47 (2%)
0/47 (0%)
1/47 (2%)
0/47 (0%)
1/47 (2%)

0/50 (0%)
0/50 (0%)
0/50 (0%)
0/50 (0%)

0/47 (0%)
0/47 (0%)
0/47 (0%)
0/47 (0%)

1/47 (2%)

0/47 (0%)

2/50 (4%)

0/47 (0%)

UTERUS
2/49 (4%)
1/48 (2%)
2/49 (4%)
3/48 (6%)
1/48 (2%)
0/49 (0%)
0/49 (0%)
1/48 (2%)
0/49 (0%)
0/48 (0%)
0/49 (0%)
3/48 (6%)

1/49 (2%)
2/49 (4%)
0/49 (0%)
0/49 (0%)
0/49 (0%)
1/49 (2%)

1/50 (2%)
3/50 (6%)
0/50 (0%)
0/50 (0%)
1/50 (0%)
0/50 (0%)

0/0 (0%)

0/1 (0%)

1/49 (2%)

0/48 (0%)

CERVIX
0/0 (0%)
2/2 (100%)
THYROID
0/43 (0%)
0/37 (0%)
SKIN
0/45 (0%)
1/45 (2%)
MAMMARY
2/38 (5%)
4/36 (11%)
0/38 (0%)
0/36 (0%)

1/49 (2%)

0/48 (0%)

2/40 (5%)
1/40 (3%)

1/38 (3%)
0/38 (0%)

BONE MARROW
0/46 (0%)
1/49 (2%)

3/47 (6%)

1/49 (2%)

0/46 (0%)
0/46 (0%)

0/47 (0%)
0/47 (0%)

2/49 (4%)
1/49 (2%)

0/49 (0%)
0/49 (0%)
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Abstract: Glyphosate, the active ingredient in Roundup®, is the most popular herbicide
used worldwide. The industry asserts it is minimally toxic to humans, but here we argue
otherwise. Residues are found in the main foods of the Western diet, comprised primarily
of sugar, corn, soy and wheat. Glyphosate's inhibition of cytochrome P450 (CYP) enzymes
is an overlooked component of its toxicity to mammals. CYP enzymes play crucial roles in
biology, one of which is to detoxify xenobiotics. Thus, glyphosate enhances the damaging
effects of other food borne chemical residues and environmental toxins. Negative impact
on the body is insidious and manifests slowly over time as inflammation damages cellular
systems throughout the body. Here, we show how interference with CYP enzymes acts
synergistically with disruption of the biosynthesis of aromatic amino acids by gut bacteria,
as well as impairment in serum sulfate transport. Consequences are most of the diseases
and conditions associated with a Western diet, which include gastrointestinal disorders,
obesity, diabetes, heart disease, depression, autism, infertility, cancer and Alzheimer’s
disease. We explain the documented effects of glyphosate and its ability to induce disease,
and we show that glyphosate is the “textbook example” of exogenous semiotic entropy: the
disruption of homeostasis by environmental toxins.
Keywords: glyphosate; cytochrome P450; eNOS; obesity; cardiovascular disease; cancer;
colitis; shikimate pathway; gut microbiome; tryptophan; tyrosine; phenylalanine; methionine;
serotonin; Alzheimer’s disease; Parkinson’s disease; autism; depression
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1. Introduction
The foodstuffs of the Western diet, primarily grown by industrial agriculture, are increasingly being
produced using a two-part system of engineered plant seeds and toxic chemical application. Novel
bacterial genes are incorporated through genetic engineering, and toxic chemical residues are readily
taken up by the engineered plants. Research indicates that the new bacterial RNA and DNA present in
genetically engineered plants, providing chemical herbicide resistance and other traits, have not yet
fully understood biological effects. This paper however, will only examine the effects of the chemical
glyphosate, the most popular herbicide on the planet.
Glyphosate (N-phosphonomethylglycine), the active ingredient in the herbicide Roundup®, is the
main herbicide in use today in the United States, and increasingly throughout the World, in agriculture
and in lawn maintenance, especially now that the patent has expired. 80% of genetically modified
crops, particularly corn, soy, canola, cotton, sugar beets and most recently alfalfa, are specifically
targeted towards the introduction of genes resistant to glyphosate, the so-called “Roundup Ready®
feature” In humans, only small amounts (~2%) of ingested glyphosate are metabolized to
aminomethylphosphonic acid (AMPA), and the rest enters the blood stream and is eventually
eliminated through the urine [1]. Studies have shown sharp increases in glyphosate contamination in
streams in the Midwestern United States following the mid 1990s, pointing to its increasing role as the
herbicide of choice in agriculture [2]. A now common practice of crop desiccation through herbicide
administration shortly before the harvest assures an increased glyphosate presence in food sources as
well [3–5]. The industry asserts that glyphosate is nearly nontoxic to mammals [6,7], and therefore
it is not a problem if glyphosate is ingested in food sources. Acutely, it is claimed to be less toxic than
aspirin [1,6]. As a consequence, measurement of its presence in food is practically nonexistent. A vocal
minority of experts believes that glyphosate may instead be much more toxic than is claimed, although
the effects are only apparent after a considerable time lapse. Thus, while short-term studies in rodents
have shown no apparent toxicity [8], studies involving life-long exposure in rodents have demonstrated
liver and kidney dysfunction and a greatly increased risk of cancer, with shortened lifespan [9].
Glyphosate’s claimed mechanism of action in plants is the disruption of the shikimate pathway,
which is involved with the synthesis of the essential aromatic amino acids, phenylalanine, tyrosine, and
tryptophan [10]. The currently accepted dogma is that glyphosate is not harmful to humans or to any
mammals because the shikimate pathway is absent in all animals. However, this pathway is present in
gut bacteria, which play an important and heretofore largely overlooked role in human physiology [11–14]
through an integrated biosemiotic relationship with the human host. In addition to aiding digestion, the
gut microbiota synthesize vitamins, detoxify xenobiotics, and participitate in immune system
homeostasis and gastrointestinal tract permeability [14]. Furthermore, dietary factors modulate the
microbial composition of the gut [15]. The incidence of inflammatory bowel diseases such as juvenile
onset Crohn’s disease has increased substantially in the last decade in Western Europe [16] and the
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United States [17]. It is reasonable to suspect that glyphosate’s impact on gut bacteria may be
contributing to these diseases and conditions.
However, the fact that female rats are highly susceptible to mammary tumors following chronic
exposure to glyphosate [9] suggests that there may be something else going on. Our systematic search
of the literature has led us to the realization that many of the health problems that appear to be
associated with a Western diet could be explained by biological disruptions that have already been
attributed to glyphosate. These include digestive issues, obesity, autism, Alzheimer’s disease,
depression, Parkinson’s disease, liver diseases, and cancer, among others. While many other
environmental toxins obviously also contribute to these diseases and conditions, we believe that
glyphosate may be the most significant environmental toxin, mainly because it is pervasive and it is
often handled carelessly due to its perceived nontoxicity. In this paper, we will develop the argument
that the recent alarming increase in all of these health issues can be traced back to a combination of gut
dysbiosis, impaired sulfate transport, and suppression of the activity of the various members of the
cytochrome P450 (CYP) family of enzymes. We have found clear evidence that glyphosate disrupts
gut bacteria and suppresses the CYP enzyme class. The connection to sulfate transport is more indirect,
but justifiable from basic principles of biophysics.
In the remainder of this paper, we will first provide evidence from the literature that explains some
of the ways in which glyphosate adversely affects plants, microbes, amphibians and mammals. Section 3
will discuss the role that gut dysbiosis, arguably resulting from glyphosate exposure, plays in
inflammatory bowel disease and its relationship to autism. Section 4 argues that the excess synthesis of
phenolic compounds associated with glyphosate exposure represents a strategy to compensate for
impairments in the transport of free sulfate. Section 5 will provide evidence that glyphosate inhibits
CYP enzymes. Section 6 explains how obesity can arise from depletion of serum tryptophan due to its
sequestering by macrophages responding to inflammation. Section 7 shows how extreme tryptophan
depletion can lead to impaired nutrient absorption and anorexia nervosa. Section 8 provides a brief
review of all the roles played by CYP enzymes in metabolism. Section 9 discusses a likely
consequence to glyphosate’s disruption of the CYP-analog enzyme, endothelial nitric oxide synthase
(eNOS). Section 10 shows how glyphosate’s effects could plausibly lead to brain-related disorders
such as autism, dementia, depression, and Parkinson’s disease. Section 11 mentions several other
health factors that can potentially be linked to glyphosate, including reproductive issues and cancer.
Section 12 discusses the available evidence that glyphosate is contaminating our food supplies,
especially in recent years. Following a discussion section, we sum up our findings with a brief conclusion.
2. Glyphosate’s Pathological Effects: Controlled Studies
It is well established that glyphosate, a member of the general class of organophosphates, inhibits
the enzyme 5-enolpyruvylshikimic acid-3-phosphate synthase (EPSP synthase), the rate-limiting step
in the synthesis of aromatic amino acids in the shikimate pathway in plants [18]. This pathway, while
not present in mammals, is present in algae, Archaea, bacteria, fungi, and prokaryotes, and unicellular
eukaryotic organisms [19]. Indeed, corn and soy crops have both been shown to accumulate excess
shikimate in response to glyphosate exposure [20]. However, a study comparing glyphosate-tolerant
and glyphosate-sensitive carrot cell lines identified several pathologies beyond the inhibition of

Entropy 2013, 15

1419

aromatic amino acids following glyphosate exposure [21]. It was determined that, in addition to
abnormally low levels of tryptophan, phenylalanine and tyrosine, the glyphosate-sensitive cells also
had 50 to 65% reduced levels of serine, glycine and methionine. The reduction in methionine can have
many adverse consequences, as methionine is an essential sulfur-containing amino acid that has to be
supplied from the diet. In addition, there was evidence of excess ammonia in the glyphosate-sensitive
but not the glyphosate-adapted cells. Both cell types readily absorbed glyphosate from the medium,
with a rapid linear uptake observed during the first eight hours following exposure. This demonstrates
that glyphosate would be present in food sources derived from glyphosate-exposed plants.
The excess ammonia observed in glyphosate-treated plants could be due to increased activity of
phenylalanine ammonia lyase (PAL), an enzyme found in plants, animals, and microbes, that catalyzes
the reaction that converts phenylalanine to trans-cinnamate, releasing ammonia [22]. In studies on
transgenic tobacco, it was demonstrated that a decrease in the aromatic amino acid pool sizes (a direct
consequence of glyphosate exposure) results in an enhancement of metabolic flux through the
shikimate pathway, which leads to a rise in PAL activity as well as a doubling of the levels of
chlorogenic acid, a polyphenolic compound related to cinnamate [23]. It has been proposed that
glyphosate achieves part if not all of its growth-retardation effects on plants through induction of PAL
activity [24]. The growth disruption could be due either to toxicity of the derived phenolic compounds [25]
or to direct toxicity of the ammonia. A study of olive trees showed that there is a direct relationship
between the total phenol concentration and PAL activity, suggesting that PAL is a major producer of
phenolic compounds [26]. Glyphosate has been shown to increase PAL activity in both soybean
seedlings [27] and in corn [28].
Under stress-inducing environments, the secondary metabolites derived from certain protein
synthesis pathways become disproportionately important, and enzyme regulation induces dramatic
shifts in the production of the amino acids versus the secondary metabolites. A study comparing
glyphosate exposure with aromatic protein deprivation in plants found several effects in common, but
there was a striking anomaly for glyphosate in that it caused a 20-fold increase in the synthesis of the
rate-limiting enzyme for a pathway leading to flavonoid synthesis, as a side branch of the tryptophan
synthesis pathway [29]. More generally, there is substantial evidence that glyphosate induces the
synthesis of monophenolic compounds as well as the polyphenolic flavonoids, in both plants [30] and
microbes [31], with concurrent depletion of aromatic amino acid supplies. When carrots are exposed to
high doses of glyphosate, they produce significant amounts of various phenolic compounds as well as
shikimic acid [32]. The significance of this will become apparent later on in Section 4 on sulfate
transport. Elevated amounts of shikimate-derived benzoic acids such as protocatechuate and gallate are
also found in plants exposed to glyphosate [29]. Strains of nitrogen-fixing bacteria in the soil produce
hydroxybenzoic acids in the presence of glyphosate [31]. This digression towards the competing
pathways to produce phenolic and benzoic acid compounds may well explain the suppression of
aromatic amino acid synthesis by glyphosate.
Even Roundup Ready® crops typically experience slowed growth following glyphosate applications, and this has been attributed to glyphosate’s role as a chelator of micronutrients. In early
work, glyphosate was shown to interfere with the uptake of the divalent cations, calcium and
magnesium, through soybean roots [33]. Glyphosate severely reduced calcium content in the mitochondria
of both root and leaf cells. Since magnesium was also affected, but potassium was not, the authors
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suggested that this property might hold for all divalent cations. More recent greenhouse experiments
demonstrated that glyphosate application to the root system decreased the levels of calcium,
magnesium, iron and manganese in the seeds of the plants [34]. It was proposed that glyphosate binds
to and immobilizes all of these divalent micronutrients, impairing their uptake by the plant. These
glyphosate-induced deficiencies would carry over to the food supply, leading to deficiencies in these
nutrients in humans who consume foods derived from glyphosate-exposed crops.
Evidence of disruption of gut bacteria by glyphosate is available for both cattle and poultry. It has
recently been proposed that glyphosate may be a significant factor in the observed increased risk to
Clostridium botulinum infection in cattle in Germany over the past ten to fifteen years [35].
Glyphosate's demonstrated toxicity to Enterococcus spp. leads to an imbalance in the gut favoring
overgrowth of the toxic Clostridium species. Glyphosate has been shown to have remarkable adverse
effects on the gut biota in poultry [36], by reducing the number of beneficial bacteria and increasing
the number of pathogenic bacteria in the gut. Highly pathogenic strains of Salmonella and Clostridium
were found to be highly resistant to glyphosate, whereas beneficial bacteria such as Enterococcus,
Bacillus and Lactobacillus were found to be especially susceptible. Due to the antagonistic effect of
the common beneficial bacterium Enterococcus spp. on Clostridia, toxicity of glyphosate to E. spp
could lead to overgrowth of Clostridia and resulting pathologies.
Pseudomonas spp. is an opportunistic pathogen and an antibiotic-resistant Gram-negative bacterium
that has been shown to be able to break down glyphosate to produce usable phosphate and carbon for
amino acid synthesis, but a toxic by-product of the reaction is formaldehyde [37], which is neurotoxic,
and low levels of formaldehyde can induce amyloid-like misfolding of tau protein in neurons, forming
protein aggregates similar to those observed in association with Alzheimer's disease [38].
A recent genome-wide study of the effect of glyphosate on E. coli revealed metabolic starvation,
energy drain, and other effects involving genes that are poorly understood [39], in addition to
suppression of the shikimate pathway. For example, half of the eight genes encoding ATP synthase
were downregulated, suggesting an impairment in mitochondrial ATP synthesis. At the same time,
genes involved in importing sugars were upregulated, which suggests a switch to anaerobic
fermentation, producing pyruvate (a much less efficient solution) rather than oxidizing glucose for full
breakdown to carbon dioxide and water. A switch to anaerobic metabolism is also suggested from a
study showing that, in soil treated with glyphosate, the total count of fungi was significantly increased,
while oxygen consumption was significantly inhibited [40].
Research conducted by exposing an outdoor aquatic mesocosm (approximating natural conditions)
to two pesticides and two herbicides revealed a unique effect (among the four toxins studied) of the
herbicide, glyphosate, to destroy tadpoles. Following only a two-week exposure period, two species of
tadpoles were completely eliminated and a third one was nearly exterminated, resulting in a 70%
decline in the species richness of tadpoles [41]. Other experiments on bullfrog tadpoles showed that
prior glyphosate exposure reduced the survival rates of tadpoles exposed to the fungal pathogen,
Batrachochytrium dendrobatidis (Bd). [42]. It is thus conceivable that glyphosate may be instrumental
in the worldwide decimation of frogs currently taking place [43]. This also suggests that glyphosate
disrupts embryonic development, a topic to which we will return later.
An insidious issue with glyphosate is that its toxic effects on mammals take considerable time to be
overtly manifested. Studies on Wistar rats exposed to the highest levels of glyphosate allowed in water
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for human consumption for 30 or 90 days showed enhanced lipid peroxidation and glutathione peroxidase
activity, indicators of oxidative stress [44]. A long-term study conducted on rats showed remarkable
pathologies that became apparent only after the three-month period that is usually allotted for toxicity
trials. In this experiment, rats were monitored over their entire lifespan, while being fed either
genetically modified (GM) or non-GM maize that had been optionally treated with Roundup® [9]. The
rats that were chronically exposed to Roundup® developed several pathologies over the course of their
lifespan, including large mammary tumors in the females and gastrointestinal, liver and kidney
pathologies, especially in the males. The males developed both skin and liver carcinomas. Premature
death in the treated male rats was mostly due to severe hepatorenal insufficiencies. Other researchers
have shown that oral exposure to glyphosate in drinking water can induce DNA damage to mouse cells
drawn from blood and liver [45].
Researchers have discovered that Roundup® is sometimes much more toxic than glyphosate by
itself, and this discrepancy can be explained by the fact that Roundup® includes a surfactant which
greatly enhances cytotoxic effects of glyphosate [46]. Specifically, the surfactant, TN-20, commonly
found in glyphosate-based herbicides, was studied for its effect on glyphosate toxicity to rat cells in
vitro. The results showed that the combination of the surfactant and glyphosate led to mitochondrial
damage, apoptosis, and necrosis, under conditions where neither substance working alone achieved
this effect. It was proposed that TN-20 disrupts the integrity of the cellular barrier to glyphosate uptake.
A study on three microorganisms commonly used as starters in dairy technologies demonstrated
that Roundup®, but not glyphosate, inhibited microbial growth at lower concentrations than those
recommended in agriculture [47]. This result illustrates an amplified effect of glyphosate's toxicity
through the adjuvants found in Roundup®. The authors also suggested that a recent loss of
microbiodiversity in raw milk may be explained through the same toxic mechanisms.
In humans, a prolonged accidental skin exposure to a glyphosate-surfactant herbicide has been
shown to produce local swelling, bullae, and exuding wounds, followed by osteopenia, neurological
impairment, and reduced nerve conduction [48]. Similarly oral exposure to glyphosate produces
chemical burns and ulceration of the oral cavity [49].
3. Gut Dysbiosis, Autism and Colitis
It is now well established that autism spectrum disorder (ASD) is associated with dysbiosis in the
gut [50], and, indeed, this is viewed by many as an important contributor to ASD [51]. An increase in
short chain fatty acids and ammonia in the gut has been found in association with autism [52,53]. Since
these are by-products of anaerobic fermentation, this suggests an overgrowth of anaerobic bacteria
such as Clostridia, Bacteriodetes, and Desulfovibrio. Clostridia have indeed been found in excess in
the feces of autistic children [54]. By-products of fermentation by anaerobes, such as phenols, amines,
ammonia, and hydrogen sulfide, can be toxic to the large bowel [1,8]. A strong link between autism
and hepatic encephalitis has been identified [55], where the key underlying pathology may be excess
ammonia in the blood stream. Ammonia plays an important role in the etiology of hepatic encephalopathy
associated with both acute and chronic liver dysfunction [56,57]. The source of the ammonia is
believed to be intestinal bacteria, including those in both the small and large intestine [58]. Impaired
liver function prevents detoxification of ammonia via the urea pathway. Thus, the increased activity of
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PAL induced by glyphosate [27,28] could play a role in creating a hyperammonemic environment in
the gut and initiating subsequent pathology.
Indeed, there is now evidence that gut microbes can produce ammonia from phenylalanine via
PAL [59]. A unique mouse phenotype has recently been identified that is defined by the behavior of its gut
bacteria [60], and the authors suggest that this phenotype can be explained through increased
metabolism of phenylalanine via the PAL pathway. Furthermore, this unique phenotype is also
associated with excess synthesis of p-cresol, via a pathway involved in tyrosine breakdown. These
authors go on to propose that the known sulfate deficiency associated with autism [61,62] may be
explained by the depletion of sulfate through sulfation of p-cresol produced from tyrosine by
Clostridium difficile in the gut [63,64], in order to detoxify it. As we will explain in the next section,
we believe that, in fact, p-cresol and other phenolic compounds are part of the solution rather than the
cause, with respect to impaired sulfate transport.
C. difficile is a well-established causal factor in colitis [65]. The incidence of C. difficile-associated
disease has increased significantly in North America in recent years, and research into the association
of this increase with inflammatory bowel disease has borne fruit [66]. In an observational study
involving patients in a hospital in Wisconsin between 2000 and 2005, it was shown that C. difficile
infection was almost nonexistent in patients with inflammatory bowel disease prior to 2003, but the
rate grew from 4% to 7% to 16% in 2003, 2004, and 2005. One hypothesis presented was antibiotic
use disrupting the beneficial gut bacteria, but it is conceivable that increased exposure to glyphosate is
contributing to this increase.
A higher level of p-cresol in the urine has been associated with lower residual sulfonation [67] and with
autism [68]. p-Cresol, formed via anaerobic metabolism of tyrosine by bacteria such as C. difficile [64], is a
highly toxic carcinogen, which also causes adverse effects on the central nervous system, the
cardiovascular system, lungs, kidney and liver [69]. A recent paper found that formula-fed infants had
an overrepresentation of C. difficile in the gut bacteria [70]. In a case-control study, children with
autism were found to be significantly more likely to have been formula-fed rather than breast-fed [71].
The study did not distinguish between organic and non-organic formula, but one can surmise that
non-organic soy formula might be contaminated with glyphosate, and this could be a contributing
factor to both the autism and the C. difficile. Urinary bacterial metabolites of phenylalanine, such as
benzoic and phenylacetic acids, and of tyrosine (p-hydroxybenzoic acid and p-hydroxyphenylacetic acid)
have been found to be elevated in association with several different diseases reflecting impaired
intestinal resorption, including coeliac disease, cystic fibrosis, and unclassified diarrhoea [72]. It was
proposed that these metabolites were produced by the gut bacteria. High concentrations of an abnormal
phenylalanine metabolite have been found in the urine of people with autism and schizophrenia, up to
300x normal adult values, which is likely due to multiple species of anaerobic bacteria in the
Clostridium genus [73]. Others have detected abnormally high concentrations of hippurate in the urine
in association with autism [74]. Hippurate is a liver metabolite of benzoic acid [75]. Thus a variety of
different compounds representing a deflection of aromatic amino acid synthesis towards oxidized benzene
derivatives have been found in association with various digestive disorders and neurological disorders.
Studies have convincingly shown an inflammatory mucosal immunopathology in children with
regressive autism characterized by infiltration of intestinal epithelial lymphocytes [76]. The infiltration
of immune system cells like lymyphocytes and eosinophils is a direct response to the impaired barrier
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function. As will be seen in the next section, we propose that this dysbiosis is caused principally by
impaired sulfate supply to the mucosa, and that the toxic phenolic compounds both assist in correcting
this deficiency and induce inflammatory responses due to their oxidizing effects.
4. Sulfate Transport Impairment and Phenol Synthesis
Autism is a disorder involving impaired social skills and neurodevelopmental delay that has reached
epidemic proportions in recent years, with one in 50 children born in the United States today now
classified on the autism spectrum, according to the U.S. Centers for Disease Control and Prevention.
Impaired sulfur oxidation and low levels of serum sulfate have been established in association with
autism since 1990, as evidenced by the following quote from [77]: “These results indicate that there
may be a fault either in manufacture of sulphate or that sulphate is being used up dramatically on an
unknown toxic substance these children may be producing” (p. 198).
In this section, we develop a novel hypothesis for the effect of glyphosate on aromatic amino acids
in plants and microbes. Our arguments depend upon the observation that glyphosate, a short
carbon-nitrogen chain with a carbonyl group and a phosphate group, is a strong anionic kosmotrope,
since both carbonate and phosphate have this property. Sulfate is also a kosmotrope, whereas nitrate is
a chaotrope. Kosmotropes and chaotropes represent opposite extremes on the Hofmeister series [78,79],
where kosmotropes tend to structure the water surrounding them and to desolubilize proteins, whereas
chaotropes destructure the water and solubilize proteins. Studies on fatalities due to acute over-exposure to
glyphosate reveal hemodynamic disturbances, including intravascular disseminated coagulation (DIC)
and multiple organ failure, associated with high serum concentrations of glyphosate (over 800 mg/L) [80].
We suspect this has to do with glyphosate's effect as a potent kosmotrope, causing a "salting out" of
blood proteins and resultant coagulation and a “no-flow” situation [81].
Molecules with a carbon ring and an available attachment site for sulfate (e.g., phenolic
compounds) are attractive for the purpose of transporting sulfate through the bloodstream when the
kosmotropic load is elevated. Phenolic compounds like p-cresol can be readily sulfated in the gut, and
this provides an opportunity to transport sulfate through the hepatic portal vein in the presence of
glyphosate. The ring supports a charge distribution that diffuses the negative charge and suppresses the
water-structuring properties of sulfate, thus preventing the vascular disturbances. A single phenol can
perform this feat multiple times, as the sulfate can be attached to the phenol in the colon via a phenol
sulfotransferase, and the liver utilizes sulfatases and sulfotransferases to transfer the sulfate moiety
from the phenol to an available substrate, typically a xenobiotic or a sterol [82]. Thus, phenols could
be responsible for supplying the sulfate critically needed to detoxify xenobiotics and bile acids and to
produce various sterol sulfates, as well as supplying sulfate to the pancreas to be incorporated into
mucopolysaccharides being released into the gut along with proteases by acinar cells [83].
In this scenario, the glyphosate itself, due to its kosmotropic properties, is disrupting the transport
of free sulfate, and therefore the aromatic amino acids are oxidized into various phenolic compounds
in order to compensate for this problem. Unfortunately, once they are unsulfated, the phenols become
toxic, as they will react destructively with phospholipids and DNA through one-electron transfer [84].
Although flavonoids are generally considered to be beneficial to health, the biological mechanisms
behind their benefit are not yet established. In [85], it is stated that “the potential role of microbial
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metabolism in the gastrointestinal tract is often overlooked”. These authors propose that monophenolic
derivatives are likely produced through ring fission of flavonoids by the gut microflora in the colon.
Thus, flavonoids can promote sulfate transport to the liver via this process. Furthermore, flavonoids
themselves can be both glucuronylated and sulfated [85,86], especially at the 4'-OH position [87], so
they could serve directly as sulfate transporters without being broken down. In fact, we hypothesize
that their role in sulfate transport is the reason for their abundant synthesis in plants in the presence of
glyphosate at the expense of tryptophan [29]. Since they are less toxic than monophenols, they become
attractive for sulfate transport in the presence of glyphosate.
Figure 1. Schematic of cyclical process that could be utilized to transport sulfate from the
gut to the liver in the face of glyphosate contamination in the hepatic portal vein. Phenolic
compounds derived from aromatic amino acids would be cycled back and forth between
the gut and the liver, sulfated during transport from the gut to the liver and glucuronylated
during transport back from the liver to the gut. Ultimately, a sulfate reducing bacterium
could metabolize the phenol, consuming sulfate.
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The fact that glyphosate suppresses both alkaline and acid phosphatase activity in in vitro assays [88]
as well as extracellular alkaline phosphatase synthesis in algae [89] suggests that phosphate faces the
same problem as sulfate in plants, in the presence of glyphosate, and hence enzymatic activity that
produces free phosphate is suppressed. It is interesting to note that autism is associated with elevated
serum levels of pyridoxal phosphate (vitamin B6) even in the absence of supplements [90]. Despite
this, supplemental B6 has been shown to alleviate symptoms of autism [91,92]. We hypothesize that
vitamin B6 is exploited to transport phosphate safely in the presence of glyphosate. The pyridoxal ring
distributes the negative charge on the phosphate anion in the same way that phenols distribute the
charge on sulfate, thus allowing phosphate to be transported in a non-kosmotropic form.
Glyphosate’s kosmotropic effects can be counteracted through buffering of chaotropes in the blood,
and this could be a factor in the increased levels of both ammonia [93] and various oxides of nitrogen,
including nitric oxide, nitrite, and nitrate [94–96] observed in association with autism.
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Thus, autism is associated with dysbiosis in the gut [50,51], along with impaired sulfate metabolism and
a significantly reduced level of free sulfate in the blood stream (only one-third of the normal level)
[63,97–101], excess production of nitric oxide [94–96], overgrowth of phenol-producing bacteria like
C. difficile [101], and increased urinary levels of the toxic phenol, p-cresol [68]. Autism is also
associated with a decreased ability to sulfate and hence detoxify acetaminophen, which aligns with
insufficient sulfate bioavailability. A genetic defect in the phenol sulfotransferase gene is associated
with autism [77]: this enzyme becomes more essential in the context of glyphosate contamination. All
of these observations can potentially be explained by the effects of glyphosate on the gut bacteria and
on the blood stream.
Both colitis and Crohn’s disease are associated with sulfate depletion in the gut [102], which could
be caused by the impaired sulfate transport problem induced by glyphosate exposure. An overgrowth
of the sulfur-reducing bacterium, Desulfovibrio, has been found in association with autism [103].
Sulfate-reducing bacteria can utilize aliphatic and aromatic hydrocarbons as electron donors, and
therefore they can play an important role in detoxifying toxic phenolic compounds [104–108]. Thus,
the presence of Desulfovibrio in the gut may serve a dual purpose by metabolizing phenolic compounds
while also disposing of free sulfate, which could be problematic if allowed to enter the blood stream in
the presence of glyphosate. Thus, we hypothesize that, in the context of glyphosate in the vasculature,
aromatic amino acids are diverted into phenolic compounds which can safely transport sulfate from the
gut to the liver. The liver can then transfer the sulfate to another metabolite, such as a steroid, and then
ship the phenol back to the digestive system for another round via the bile acids following
glucuronidation [108]. Possibly after multiple rounds, the phenol is finally metabolized by a sulfate-reducing
bacterium in the colon. This idea is schematized in Figure 1.
5. Evidence that Glyphosate Inhibits CYP Enzymes
The evidence that glyphosate inhibits CYP enzymes comes from several directions. There are
studies showing inhibition of aromatase, a CYP enzyme that converts testosterone to estrogen, and
studies showing enhancement of retinoic acid, which could be achieved by suppressing the CYP
enzyme involved in its catabolism. Finally, there are studies that directly show inhibition of
detoxifying CYP enzymes in both plants and animals.
Two studies point to a disruption of aromatase activity [109,110]. In [109], as little as 10 ppm. of
glyphosate disrupted aromatase activity in human liver HepG2 cells, a well-established cell line to
study xenobiotic toxicity. In [110], it was shown that aromatase activity is disrupted in human
placental cells at a concentration 100 times lower than that recommended in agricultural use.
Furthermore, even small amounts of the adjuvants present in Roundup® could substantially enhance
this effect of glyphosate, probably by enhancing the ease with which it gains access to the membrane-bound
protein. In experiments with oyster larvae, Roundup® was found to be toxic at less than 1/20 the
concentration of glyphosate needed to induce toxicity, thus exhibiting the enormous enhancing effect
of Roundup®'s adjuvants [111].
Retinoic acid plays a key role in embryonic development, where its tightly-regulated concentration
levels impact developmental stages [112]. Due to reports of neural defects and craniofacial
malformations in children born in regions where glyphosate-based herbicides are used, a group of
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researchers investigated the effects of low doses of glyphosate (1/5,000 dilutions of a commercial
glyphosate-based herbicide) in development of African clawed frog embryos and chick embryos [113].
The treated embryos were highly abnormal: the frog embryos developed into tadpoles with cranial
deformities, and microcephaly was observed in the chick embryos. They traced this effect to an
increase in endogenous retinoic acid (RA) activity, and showed that cotreatment with an RA antagonist
prevented the deformities.
This increase in RA activity can be explained via inhibition of a CYP enzyme. A novel
member of the CYP family has been discovered which is induced by retinoic acid and involved
in its catabolism [114,115]. It is present in mammalian embryos and in the brain. Thus, if this
enzyme is suppressed by glyphosate, it would explain the observed effect that glyphosate enhances
levels of retinoic acid in embryonic development.
A study conducted in 1998 demonstrated that glyphosate inhibits cytochrome P450 enzymes in
plants [116]. CYP71s are a class of CYP enzymes which play a role in detoxification of benzene
compounds. An inhibitory effect on CYP71B1l extracted from the plant, Thlaspi arvensae, was
demonstrated through an experiment involving a reconstituted system containing E. coli bacterial
membranes expressing a fusion protein of CYP71B fused with a cytochrome P450 reductase. The
fusion protein was assayed for activity level in hydrolyzing a benzo(a)pyrene, in the presence of
various concentrations of glyphosate. At 15 microM concentration of glyphosate, enzyme activity was
reduced by a factor of four, and by 35 microM concentration enzyme activity was completely
eliminated. The mechanism of inhibition involved binding of the nitrogen group in glyphosate to the
haem pocket in the enzyme.
A more compelling study demonstrating an effect in mammals as well as in plants involved giving
rats glyphosate intragastrically for two weeks [117]. A decrease in the hepatic level of cytochrome
P450 activity was observed. As we will see later, CYP enzymes play many important roles in the liver.
It is plausible that glyphosate could serve as a source for carcinogenic nitrosamine exposure in
humans, leading to hepatic carcinoma. N-nitrosylation of glyphosate occurs in soils treated with
sodium nitrite [118], and plant uptake of the nitrosylated product has been demonstrated [119].
Preneoplastic and neoplastic lesions in the liver of female Wistar rats exposed to carcinogenic
nitrosamines showed reduced levels of several CYP enzymes involved with detoxification of
xenobiotics, including NADPH-cytochrome P450 reductase and various glutathione transferases [120].
Hence this becomes a plausible mechanism by which glyphosate might reduce the bioavailability of
CYP enzymes in the liver.
Glyphosate is an organophosphate. Inhibition of CYP enzyme activity in human hepatic cells is a
well-established property of organophosphates commonly used as pesticides [121]. In [122], it was
demonstrated that organophosphates upregulate the nuclear receptor, constitutive androstane receptor
(CAR), a key regulator of CYP activity. This resulted in increased synthesis of CYP2 mRNA, which
they proposed may be a compensation for inhibition of CYP enzyme activity by the toxin. CYP2 plays
an important role in detoxifying xenobiotics [123].
Beginning in around 2006, an alarming die-off of honeybees became apparent in the United States,
and researchers are still struggling to understand what is causing this die-off [124]. Since the
application of glyphosate also reached record levels that year, and has continued to increase since then,
with no abatement in the bee colony collapse disorder, glyphosate could be playing a role in the bees'
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plight. While correlation does not necessary imply causation, there are strong reasons why glyphosate
might interfere with bees' resistance to other environmental toxins. At first glance, pesticides might be
more highly suspect, since bees are, after all, an insect. However, honeybees have an innate resistance
to most pesticides, which unfortunately depends upon several CYP enzymes. For example, metabolic
detoxification mediated by CYPs contributes significantly to honey bee tolerance of pyrethroid
insecticides [125]. Thus, the fact that glyphosate disrupts CYP enzymes would suggest that exposure
to glyphosate would leave bees especially vulnerable to pesticides in their environment, resulting in a
synergistic effect. A 2005 study in Alberta (Canada) revealed a reduced wild bee abundance and
highly-correlated reduced pollination in GM canola compared with organically grown canola [126],
with Roundup-treated non-GM canola coming in at an intermediate level. A study comparing bees
exposed to glyphosate and/or Roundup® against a control population demonstrated a significantly higher
mortality rate in the glyphosate-exposed bees (p < 0.001) [127]. Neonicotinoids such as imidacloprid
and clothianidin can kill bees, and have been implicated in colony collapse disorder [128]. However,
this toxic effect is likely synergistic in combination with glyphosate, as would occur with bees
ingesting herbicide-contaminated pollen. Glyphosate is an organophosphate, and a study of human
self-poisoning has demonstrated that organophosphate ingestion synergistically greatly enhances the
toxicity of ingested neonicotinoids [129].
6. The Path to Obesity
Having established a plausible mechanism whereby glyphosate’s effects on gut bacteria would lead
to depleted sulfate supplies in the gut with resulting inflammatory bowel disease, we now turn our
attention towards the likely consequences of the resulting “leaky gut syndrome.” It has been proposed
that the exponential increase in the production of synthetic organic and inorganic chemicals may be
causal in the current world-wide obesity epidemic, due to alterations in body chemistry that promote
weight gain [130]. These chemicals are better known for causing weight loss at high exposure levels,
and this apparent paradox can be explained with respect to glyphosate, by invoking its known effect of
depleting tryptophan in plants and microbes. Its effect on CYP enzymes in the liver will compound the
problem, due to the impaired ability to detoxify synthetic chemicals, which are increasingly present in
the environment. In this section we will explain how glyphosate’s depletion of tryptophan bioavailability
can lead to obesity, and in Section 6 we will provide evidence that extreme depletion of tryptophan in
the absence of obesity can cause severe impairment of the intestinal barriers, resulting in weight loss
and anorexia, due to an inability to transport critical micronutrients across the damaged gut barrier.
Tryptophan is an essential amino acid, meaning that mammalian cells cannot synthesize it. Serum
tryptophan depletion leads to serotonin and melatonin depletion in the brain [131]. Since serotonin
(derived from tryptophan) is a potent appetite suppressant [132], it follows that serotonin deficiency
would lead to overeating and obesity. As we have seen, tryptophan supplies could be depleted both in
plant-based food sources and through impaired tryptophan synthesis by gut bacteria as direct effects of
glyphosate. The observed 20-fold increase in the synthesis of tryptophan-derived polyphenolic flavonoids
in the context of glyphosate provides strong evidence of impaired tryptophan synthesis [29].
Tryptophan has several important roles in the body. Ordinarily, dietary tryptophan (aside from its
role as an essential amino acid in protein synthesis) is taken up by the liver and either fully
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metabolized to produce ATP or processed through the enzymatic action of tryptophan dioxygenase
(TDO) and indole amine dioxygenase (IDO), via a pathway involving kynurenine and quinolinate as
intermediaries to produce NAD+, an essential cofactor in ATP synthesis and DNA repair [133] (see
Figure 2). Any tryptophan not taken up by the liver circulates in the blood, and is transported across
the blood brain barrier (BBB). It becomes the (sole) precursor to the synthesis of the neurotransmitter
serotonin and the hormone melatonin [131]. A low ratio of tryptophan to competing proteins in the
blood stream leads to reduced transport of tryptophan across the BBB and subsequent impaired
serotonin and melatonin synthesis in the brain. Thus, low serum tryptophan levels translates into a
tendency towards weight gain due to suppressed serotonin signaling [132].
Figure 2. Illustration of tryptophan pathways in the body and the adverse effect of
glyphosate on tryptophan bioavailability. IDO: indole amine dioxygenase; TDO:
Tryptophan dioxygenase; G: glyphosate.

However, under inflammatory conditions, and in response to pathogenic stimuli such as the
lipopolysaccharide (LPS) in bacterial cell walls, tryptophan is converted into kynurenine by lymphoid
tissues at the site of inflammation [134] and stockpiled by in situ macrophages and neutrophils [135–137]
as kynurenine. Therefore, it is expected that inflammation in the gut would lead directly to serum
tryptophan depletion, thus further reducing the bioavailability of tryptophan to the liver. There are
several reasons why macrophages need to sequester kynurenine, the most important of which is likely
to be the assurance of a localized resource to regenerate NAD+ following its depletion through the
synthesis of poly-ADP ribose by poly(ADP-ribose)polymerase (PARP) [138–140]. Poly-ADP ribose
plays an important role in the DNA repair mechanisms that are required following DNA damage,
induced by the reactive oxygen and nitrogen species (ROS and RNS) released by macrophages to fight
infection – superoxide, nitric oxide, and their reaction product, peroxynitrite. Superoxide is induced
from oxygen in the artery wall by transfer of an electron from cytosolic NADPH to oxygen, and its
synthesis is essential for killing invasive pathogens, but collateral exposure also leads to tissue damage.
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Both the inflammatory cytokine interferon- (IFN- ) and superoxide itself induce IDO synthesis,
and IDO detoxifies superoxide by using it to break the pyrrole ring in tryptophan [141]. The DNA in
the cell nucleus is highly vulnerable to superoxide exposure, which can lead to strand breaks. The
synthesis of kynurenine from tryptophan by IDO results in replenishing the supply of NAD+ and
NADP+, which has been depleted due to the activities of PARP as part of the DNA repair process.
Studies have confirmed that serum tryptophan levels are low in association with obesity [142,143].
In [143], plasma tryptophan levels were monitored several times over the course of a twenty-four hour
period, and it was confirmed that serum tryptophan levels were chronically depressed, and the levels of
other competing large neutral amino acids were elevated, in obese subjects compared to controls. This
pathology persisted even after weight reduction through intense dieting.
A recent experiment involving transferring a strain of endotoxin-producing bacteria from the gut of
an obese human to the sterile gut of germ-free mice demonstrated the dramatic obesogenic effect that
over-production of endotoxin by gut bacteria can have [144]. These mice became obese over a 16-week
trial period, when concurrently placed on a high-fat diet, and the obesity was associated with a low-grade
chronic inflammatory state. Control germ-free mice on the same diet but without the infective agent
did not become obese. It was hypothesized that chylomicrons produced for fat transport became a
vehicle for endotoxin delivery to blood serum and subsequently to the liver and body fat stores, since
inflammatory cytokines were found predominantly in the liver and epididymal fat pad rather than in
the ilium. Since glyphosate induces a shift in gut bacteria towards endotoxin-producers, this effect can
conceivably explain the association of a high-fat diet with obesity [145].
The obesity epidemic began in the United States in 1975, simultaneous with the introduction of
glyphosate into the food chain, and it has steadily escalated in step with increased usage of glyphosate
in agriculture (see Figure 1 in [146]). While it is common knowledge that Americans are continuing to
grow more and more obese with each passing year [147,148], there may be less awareness that obesity
aligns with glyphosate usage elsewhere in the world [149]. For example, South Africa arguably has the
highest obesity rates in all of Africa [150], and it is also the African country that has most heavily
embraced glyphosate usage since the 1970’s and has freely adopted genetically modified crops with
little regulation [151,152]. According to World Health Organization statistics [153], only 2.7% of
adults in the United Kingdom were obese in 1972, a number that rose to 25.8% in 1999. Today, two
thirds of U.K. citizens are either overweight or obese.
7. The Path to Inflammatory Bowel Disease and Anorexia Nervosa
We have seen how obesity can develop following the depletion of tryptophan through its diversion
into polyphenolic flavonoids as well as aggressive uptake into macrophages, to provide assurance of
DNA repair mechanisms in the face of excess ROS and RNS. Subsequent impaired serotonin synthesis
stimulates overeating behaviors. Here, we argue that severe tryptophan deficiency without sufficient
fat stores to harbor toxins and supply sterol sulfates can result in an inability to control microbial
invasion as a consequence of impaired release of antimicrobial peptides. This can lead, paradoxically,
to anorexia nervosa, resulting in a highly inflamed digestive system, pathogenic penetration through
leaky intestinal epithelium, uncontrollable diarrhea, and subsequent anorexia.
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Obesity offers protection against gastrointestinal inflammation, in part because the endotoxin can be
stored in adipose tissue, sparing the gut barrier from inflammatory damage. However, a more
important factor may be the ability of adipose tissue to directly supply sulfated steroids. The
sulfotransferase that sulfates serotonin, thus inactivating it, is found in many tissues, including brain,
heart, liver, lung, kidney and spleen [154]. Insufficient sulfate supply would likely compromise this
function, leading to poor serotonin regulation. There is an interesting connection between levels of
serotonin and sterol sulfates in the blood serum. DHEA sulfate is the most prominent sterol sulfate in
the serum besides cholesterol sulfate [155]. Patients with autism have anomalously low DHEA sulfate
levels along with anomalously low serotonin [156]. Serum DHEA sulfate levels are inversely
associated with visceral fat [157], and DHEA sulfate supplements can induce weight loss in morbidly
obese postmenopausal women [158]. We hypothesize that DHEA sulfate levels are a hormonal signal
of sulfate bioavailability, and low bioavailability leads to low serotonin which induces overeating, in
order to produce visceral fat. Visceral fat is a source of estrone sulfate [159], which, we hypothesize,
may compensate for some deficiencies in DHEA sulfate and alleviate the burden on the adrenal glands
to produce sterol sulfates. This would also reduce the demand on phenols to transport sulfate and
therefore alleviate the inflammatory gut disorder, restoring homeostasis.
An important study elucidating the processes leading to inflammatory bowel disorder was
conducted on male Ace2 knockout mice (Ace2 /y) [13]. Ace2 induces expression of the tryptophan
transporter in the gut epithelium. Thus, these mice suffered from severe tryptophan deficiency. They
responded to dextran sodium sulfate exposure with a much more severe colitis attack than their control
littermates, leading to enhanced infiltration of inflammatory cells, increased intestinal bleeding, severe
diarrhea, and weight loss. A series of further experiments revealed that a similar response could be
provoked in the control mice by providing them with a diet that was specifically deficient in
tryptophan. It was confirmed that the acute response was associated with impaired synthesis of
antimicrobial peptides by macrophages, mediated by impaired mTOR (mammalian target of rapamycin)
signaling. It is conceivable that the severe deficiency in tryptophan led to restricted protein synthesis in
macrophages, preventing the synthesis of the antimicrobial peptide. Furthermore, the distribution of gut
bacteria was profoundly affected by the Ace2 /y phenotype and by tryptophan deprivation.
Thus, severe tryptophan deficiency, as might be induced by glyphosate’s interference with
tryptophan synthesis in plants and microbes, can lead to an extreme inflammatory bowel disease that
would severely impair the ability to absorb nutrients through the gut, due to inflammation, bleeding
and diarrhea. This could easily explain the alarming increases that have been seen recently in
inflammatory bowel diseases [16,17,160].
8. Cytochrome P450 Enzymes
The cytochrome P450 (CYP) enzymes are a diverse, ancient class of enzymes that date back to
three billion years ago, and play an important role in plant, animal, and microbial biology [161]. These
enzymes participate in oxidation, peroxidation and reduction of compounds ranging from pharmaceutical
drugs to environmental chemicals to endogenous bioactive molecules [123]. There are at least 18
distinct CYP families in humans, which are classified as a series of numerical “CYP” classes. In
humans, CYP1, CYP2, CYP3, and CYP4 P450 enzymes in the liver are essential for detoxification of
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many xenobiotics [162]. Members of the CYP5 and CYP7 classes are essential for the formation of
water-soluble bile acids from cholesterol in the liver. Bile acids act as powerful detergents to aid in the
digestion of fats, and also provide a pathway for disposal of oxysterols. A loss-of-function mutation in
CYP7B1 leads to liver failure in children, associated with high serum levels of oxysterols [163].
Both cholesterol and vitamin D3 synthesis and degradation depend upon various CYP enzymes. At
least seven CYP enzymes have a role in converting acetate into sterols. Lanosterol 14 -desmethylase
(CYP51A1) is pivotal in cholesterol synthesis. Two CYP enzymes in the liver catalyze 25hydroxylation of vitamin D3 to its active form, and two other CYP enzymes catalyze the breakdown of
vitamin D3 in the liver [164,165].
There is a growing epidemic of vitamin D deficiency in the United States. In a study on serum 25hydroxyvitamin D levels obtained from the National Health and Nutrition Examination Survey
(NHANES) data, it was found that vitamin D3 levels fell sharply in the interval from 2001 to 2004
compared to the interval from 1988 through 1994 [166]. While this problem is in part due to
overaggressive sun avoidance practices, glyphosate’s interference with CYP proteins may play a role
in disrupting vitamin D3 activation in the liver.
Several CYP enzymes participate in steroid synthesis. Cytochrome P450 oxidoreductase deficiency
(POR) is a newly described disorder of steroidogenesis [167]. Five crucial lipid hormones, aldosterone,
androstenedione, cortisol, corticosterone and dehydroepiandrosterone (DHEA), are produced in the
adrenal glands, testes and ovaries, and in the adrenal cortex. All steroid hormones are produced from
cholesterol by these CYP enzymes, contained within the inner mitochondrial membrane. The lipophilic
nature of these steroids allows them to diffuse across the lipid bilayers. CYP19A1 (aromatase), whose
inhibition has been confirmed in association with glyphosate [109,110] converts androgenic precursors
into estrogen. Suppressed aromatase synthesis has been found in the brain in association with autism [168],
leading to the “super-male” profile associated with this condition [169].
CYP26A1 catabolizes retinoic acid; hence, its suppression would lead to excess retinoic acid
bioavailability. CYP26A1 is induced by retinoic acid during neural differentiation, and its action leads
to the degradation of retinoic acid, a necessary step towards maturation of the developing neurons [114].
The aryl hydrocarbon receptor (Ahr) gene induces CYP1B expression, leading to degradation of
retinoic acid. Ahr-knockout mice accumulate excess retinoic acid in the liver [170]. Thus, if liver
CYP1B expression were disrupted by glyphosate, it would lead to excess retinoic acid. Retinoic acid
suppresses the synthesis of cholesterol sulfate, a crucial step in bile acid synthesis [171]; thus, excess
retinoic acid in the liver should lead to impaired synthesis of bile acids and impaired fat metabolism.
Mutations in CYP7A1 are associated with high serum LDL and high hepatic cholesterol content,
along with deficient bile acid excretion [172]. Human CYP7B1 mutations lead to both defects in bile
acid synthesis and spastic paraplegia, involving impaired myelin sheath in the spinal cord and
uncontrolled movement disorders. The drug, clopidogrel (Plavix), administered to suppress lifethreatening stent thrombosis following cardiovascular surgery, depends upon a liver CYP enzyme,
CYP2C19, to transform it into an activated metabolite. Patients with a loss-of-function mutation in this
CYP enzyme have significant risk of an adverse event following surgery [173,174].
Glyphosate from food sources or as a contaminant in water would be likely to reach the liver in
high concentrations through direct transport from the digestive system via the hepatic portal vein. It
could be anticipated that glyphosate would disrupt many of the diverse CYP enzymes that are
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bioactive in the liver, involved in cholesterol synthesis and metabolism, vitamin D3 synthesis and
metabolism, the detoxification of xenobiotics, and regulation of retinoic acid.
Glyphosate would also be expected to travel throughout the blood stream, disrupting any CYP
enzymes it comes in contact with. Of particular concern are the two that regulate blood clotting
(thromboxane A2 synthase: CYP5A1) and hemorrhaging (prostacyclin synthase: CYP8A1). CYP5A1
stimulates platelet aggregation, whereas CYP8A1 inhibits platelet aggregation. The elderly often face
instabilities in hemorrhaging and clotting leading to Disseminated Intravascular Coagulation (DIC) and
life-threatening destabilization of the blood [175], which could be due to impaired function of these
two enzymes.
9. Glyphosate’s Potential Role in eNOS Dysfunction
Thus far, we have developed a plausible argument for how glyphosate could disrupt gut microbiota,
leading to inflammation, depletion of tryptophan, and subsequent obesity, or, in the extreme case,
anorexia nervosa. We have also discussed the many roles of CYP enzymes, and proposed that
glyphosate’s interference with CYP expression could lead to many pathologies that are commonly
occurring today, such as vitamin D3 deficiency and abnormal blood clotting.
Endothelial nitric oxide synthase (eNOS) is an orphan member of the CYP family. It is present in
endothelial cells that synthesize nitric oxide (NO), where it induces vessel relaxation and therefore
enhanced blood flow [176]. Both eNOS and CYP enzymes are heme-thiolate proteins with the same
redox partner, a diflavoprotein reductase. However, eNOS, unlike the other CYP enzymes, requires
tetrahydrobiopterin (BH4) as a cofactor for the synthesis of NO, and no other member of the CYP
family is capable of synthesizing NO.
It has recently been proposed that eNOS is a dual-purpose enzyme, producing NO when it is bound
to calmodulin in the cytoplasm, and producing sulfate when it is bound to caveolin at the plasma
membrane [177]. While no other CYP enzyme produces NO, this class is known to oxidize sulfur [178],
an important aspect of their ability to detoxify sulfur-containing drugs. Red blood cells (RBCs) contain
membrane-bound eNOS, and this has presented a puzzle to researchers, because the synthesis of NO
by RBCs would be counterproductive, due to its high reactivity with hemoglobin to form a nitrosylated
compound that is impaired in oxygen transport. Indeed, RBCs have mechanisms to maintain a very
low concentration of the substrate L-arginine. However, it is highly plausible that RBCs use their
eNOS to produce sulfate, which can then be combined with cholesterol to form cholesterol sulfate,
known to be present in large amounts in RBC plasma membranes, where it has a stabilizing effect.
A significant adverse effect of glyphosate is its hypothesized disruption of sulfate synthesis by
eNOS in the endothelium. This effect contributes to the inflammation already present due to the escape
of pathogenic bacteria through the impaired gut barrier. In fact, the two effects are synergistic, because
the sulfate depletion incurred by eNOS dysfunction further compromises the gut barrier, where sulfate
deficiencies due to transport problems are already present. Due to its homology with the CYP enzymes,
eNOS is predicted to be susceptible to disruption by glyphosate, but only in its sulfate-synthesis function.
The result will be endothelial damage due to superoxide exposure, along with sulfate deficiency. We
hypothesize that such disruption is a significant heretofore overlooked component of glyphosate’s
toxicity in mammals.
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If, as proposed in [177], RBCs use eNOS to produce sulfate, then the sulfate can be combined with
cholesterol to produce cholesterol sulfate, which, unlike cholesterol itself, is amphiphilic. RBCs are
well positioned to deliver both cholesterol and sulfate to the tissues, supplying them with these
essential nutrients. In [177], it was further proposed that endothelial cells produce sulfate catalyzed by
eNOS, using superoxide as the oxidizing agent, a reaction that is catalyzed by sunlight exposure, and
that the sulfate serves to replenish sulfate supplies to the glycocalyx, which is constructed from highly
sulfated proteoglycans. Accumulation of sulfate deficiencies in the endothelial glycocalyx contributes
significantly to vascular dysfunction [179]. Colitis is less prevalent in areas with a sunny climate [180],
suggesting that sunlight improves intestinal health by increasing sulfate supply.
Ingested glyphosate readily enters the vasculature, and hence membrane bound eNOS in RBCs and
the endothelial wall is vulnerable to the disabling effects of glyphosate on the P450 active site. This,
over time, would result in cholesterol and sulfate deficiencies, manifested as multiple disease states. It
would also explain the pathology where eNOS synthesizes superoxide in an “uncoupled” mode [181],
a pathology that has been proposed as a major source of inflammatory ROS and subsequent endothelial
dysfunction. We hypothesize that the superoxide is prevented from oxidizing sulfur by the glyphosate,
and thus becomes a destructive agent in the artery wall.
9.1. Lysosomal Dysfunction
In [177], it was proposed that lysosomal dysfunction could be predicted to follow long-term
impairment of eNOS’ sulfate synthesis. Lysosomes, the “digestive system” of the cell, require
substantial membrane cholesterol both to prevent hydrogen ion leaks and to protect membrane lipids
from oxidative damage. Lysosomes also depend upon internalized sulfate, derived from heparan
sulfate proteoglycans (HSPGs), to catalyze hydrolytic enzymes. Severe neurological dysfunction
associated with lysosomal storage diseases involving impaired heparan sulfate homeostasis attest to the
importance of sulfate in lysosomal function [182].
It has become increasingly apparent that lysosomal dysfunction is a major factor in Alzheimer’s
disease and Parkinson’s disease [183], as well as in cardiovascular disease [184] and heart failure [185].
Mitochondria are ordinarily constantly broken down and renewed by lysosomal processes, and, when
these become impaired, large aged mitochondria become a source of reactive oxygen species that
contribute significantly to neuronal damage. Cardiomyocytes, like neurons, are long-lived postmitotic
cells that are especially susceptible to lysosomal disrepair [186].
9.2. Tetrahydrobiopterin
The research literature has identified the cofactor tetrahydrobiopterin (BH4) as a significant player
in eNOS function [187,188]. BH4 shifts the heme iron in eNOS to a high spin state, as well as
increasing arginine binding, thus catalyzing the synthesis of NO by eNOS [187]. The synthesis of BH4
from its substrate GTP is induced by IFN- , which, in turn, is induced by bacterial lipopolysaccharides
(LPS) [189]. Thus, a bacterial infection will induce NO synthesis by eNOS. However, an excess of
exogenous NO (as might be expected to occur through iNOS synthesis of NO during a bacterial
infection) causes a decrease in NO synthesis by eNOS with a simultaneous increase in superoxide
synthesis, an effect that can lead to severe hypertension in infants with congenital heart disease treated
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with inhaled NO [187]. Superoxide’s reaction with NO to produce the highly toxic peroxynitrite
(ONOO ), a potent bacteriocidal agent, is likely a critical factor. The subsequent oxidation of BH4
disrupts its ability to act as a cofactor [188], and causes “eNOS uncoupling,” leading to superoxide
synthesis in a highly disruptive feedback loop.
We hypothesize that glyphosate’s nitrosylation of the active P450 site has derailed eNOS’ ability to
synthesize sulfate in a contained environment at the caveolar sites in the membrane, thus requiring an
alternative method to synthesize sulfate that exposes the cell to ROS. This method, as previously
described in [177,190], involves the oxidation of homocysteine thiolactone, catalyzed by ascorbic acid
(vitamin C) and retinoic acid (vitamin A). Since glyphosate enhances the bioavailability of retinoic
acid through its suppression of the CYP enzyme that metabolizes it [115], this will help to promote the
alternative reaction leading to sulfate synthesis in the artery wall from homocysteine thiolactone, but
also requiring the inflammatory agent, superoxide, which over time destroys the artery wall, leading to
endothelial dysfunction and cardiovascular disease.
Elevated serum homocysteine is a strong risk factor in cardiovascular disease [191], in heart
failure [192], in dementia [193], and in kidney failure [194,195]. We propose that sulfur-containing
amino acids are deflected towards homocysteine synthesis in order to supply substrate for the
critically-needed sulfate synthesis from superoxide in the artery wall. This also explains both the
inflammation in the artery wall associated with atherosclerosis [196] and the deficiency in methionine
associated with glyphosate, due to its depletion through its role as a substrate for homocysteine synthesis.
10. Involvement of the Brain
Impairment in the homeostasis of serotonin, an important neurotransmitter that regulates mood,
appetite and sleep, has been linked to depression [197], autism [198], and Alzheimer’s disease [199,200],
as well as obesity [132]. We have already seen how glyphosate’s induction of tryptophan-derived
flavonoids and tryptophan’s incorporation into macrophages as kynurenine via IPO can explain
reduced brain serotonin levels. Vitamin D3 deficiency can also contribute to mood disorders, and is
hypothesized to be a key factor in the syndrome, Seasonal Affective Disorder (SAD), manifested as
depressed mood specifically during the winter months [201]. Excess ammonia and zinc deficiency are
also implicated in neuronal disorders, particularly Alzheimer’s disease, attention deficit hyperactivity
disorder (ADHD), and autism. DNA methylation impairment is a factor in neuronal diseases, and
glyphosate’s depletion of methionine could contribute to this defect. Below, we elaborate on the
effects of serotonin depletion, excess ammonia, zinc depletion, and methylation impairments on
disorders of the brain. We conclude this section with specific mention of a possible role for glyphosate
in two other diseases of the brain: multiple sclerosis and Parkinson’s disease.
10.1. Serotonin, Mood Disorders, and Autism
Defects in serotonin transport are associated with a wide range of mood disorders. Major depression
is accompanied by immune system activation, and the term “inflammatory and neurodegenerative (I&ND)
hypothesis” has been used to describe this complex [202]. A demonstrated increased production of cytokines
and immunoglobulins against bacterial-derived lipopolysaccharides points to increased gut permeability as
a feature in depression [203]. Patients with depression and sleep disorders exhibit significantly lower
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serum levels of tryptophan along with serum markers of inflammation such as IL-6 and IL-8 [204].
Selective serotonin reuptake inhibitors (SSRI’s) are a popular class of drugs to treat depression: they
work by impairing serotonin reuptake in the synapse, effectively increasing its bioavailability for
neuronal signaling. This strongly suggests that insufficient serotonin in the synapse could be a factor in
depression. In fact, dietary tryptophan depletion leads to relapse in recovering depressed patients [197].
Defects in the serotonin transporter gene, 5-HTT, have been associated with antisocial personality
disorder and violent behavior [205]. There has been a marked increase in the rate of irrational schoolassociated violent deaths in the United States since 1990 [206], and glyphosate may play a role in this
pattern through depletion of serotonin bioavailability. Disturbances in serotonin function in the brain
are known factors in impulsive aggression, violence, and criminal behavior [207]. Farmers in India
experienced anomalously high suicide rates following adoption of Western agricultural methods based
on extensive use of Roundup® [208]. While an explanation based on economic stress has been
proposed, suicide victims in general have low serotonin levels in the brain [209], so it is conceivable
that serotonin suppression via depletion of tryptophan by glyphosate played a role in the suicides
among farmers in India.
Genetic mutations in serotonin transporter genes have been found in association with both obsessive
compulsive disorder and autism [210]. A study comparing 40 children with idiopathic infantile autism
with normal controls showed a significantly lower serum ratio of tryptophan to large neutral amino
acids [211]. 35% of the children with autism had a ratio that was at least two standard deviations below
the mean value from the control group. It has been shown that dietary tryptophan depletion exacerbates
anxiety and repetitive ritualistic behaviors in autistic subjects [198], an effect that was surmised to be
due to impaired serotonin synthesis. Researchers have studied a mouse model of a defective serotonin
transporter gene which results in a decrease in the bioavailability of serotonin for neuronal signaling in
the brain, and have shown that the genetically modified mice exhibit autism-like behaviors [212]. This
strongly suggests that impaired serotonin supply in the brain is a feature of autism.
Melatonin, produced from serotonin, is secreted by the pineal gland, primarily at night, and is a
potent antioxidant and regulator of redox reactions [213,214]. Its neuroprotective role in aging and
many neurodegenerative conditions such as Alzheimer’s disease and Parkinson’s disease is most likely
due to its antioxidant effects [215–218]. Thus, it is anticipated that glyphosate would lead to impaired
antioxidant protection, due to the suppression of melatonin synthesis, following the depletion of
tryptophan as substrate, as previously discussed. Since melatonin is also a regulator of the wake/sleep
cycle, impaired melatonin supply will lead to sleep disorders.
10.2. Ammonia, Autism and Alzheimer’s Disease.
As stated previously, glyphosate enhances ammonia synthesis in susceptible plants via activation of the
enzyme PAL [22], and gut microbes could produce excess ammonia through enhanced PAL synthesis
under the influence of glyphosate. A parallel between autism and hepatic encephalitis has been made,
emphasizing the role that ammonia plays as a toxin in the brain in both cases [219,220]. Ammonia has
also been proposed to play a critical role in the etiology of Alzheimer’s disease [221]. Thus, excess
ammonia synthesis by gut bacteria under the influence of glyphosate could be a factor in both autism
and Alzheimer’s disease.
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10.3. A Role for Zinc Deficiency.
Zinc deficiency is a major problem worldwide, particularly in the developing world, where limited
access to zinc-rich foods such as shellfish and excess dietary exposure to phytates both contribute to
the problem [222]. Phytates, found in many nuts and grains, bind to dietary minerals and interfere with
their absorption. Lactobacilli and other beneficial gut bacteria produce the enzyme phytase, which
catalyses the release of phosphate from phytates and improves the intestinal absorption of important
minerals such as iron and zinc [223]. Because glyphosate reduces the number of these types of bacteria
in the gut, it should enhance the chelating potential of phytates. This is likely a protective measure to
avoid excess bioavailability of free phosphate, which is problematic in transport in the presence of
glyphosate. Glyphosate’s known ability to itself chelate divalent cations is likely a factor as well. Zinc
deficiency increases the risk of diarrhea, pneumonia and malaria in infants and young children.
Zinc is the most abundant trace metal in the brain [224]. Most of the amyloid- degrading enzymes
are zinc metalloproteases, and zinc is also critical in the nonamyloidogenic processing of the amyloid
precursor protein. Hence, zinc deficiency in the brain would be expected to lead to the build-up of
amyloid- , a key factor in the development of Alzheimer’s disease. Zinc deficiency has also been
implicated in autism [225] and ADHD [226,227]. Zinc is released into the synapse along with the
neurotransmitter glutamate, and it is required for memory function and the maintenance of synaptic
health as we age [228]. In [225], anomalously low zinc levels in hair analyses were found in children
on the autism spectrum. In [226], zinc sulfate supplements improved ADHD symptoms, an effect that
could be attributed to the supply of sulfate as well as zinc.
In [229], it was proposed that zinc deficiency along with excess exposure to copper may be a key
factor in Alzheimer’s disease. A study conducted in South Africa revealed that zinc supplementation
was not effective in raising plasma levels of zinc in zinc-deficient Alzheimer’s patients unless both
vitamin A and vitamin D were simultaneously supplemented [230]. Hence, vitamin D3 deficiency
(which could be caused by glyphosate’s impairment of liver CYP enzymes) may interfere with zinc
absorption, further depleting the supplies to the tissues.
10.4. Methylation Impairment
Methylation impairment has been observed in association with autism [231] and Alzheimer’s
disease [232], and this is caused by an inadequate supply of the substrate, methionine. While human
cells are unable to synthesize methionine, it can be synthesized by many enteric bacteria, for example
from cysteine via the transsulfuration pathway or through de novo synthesis from inorganic sulfur [233].
Glyphosate has been shown to significantly impair methionine synthesis in plants [21], and it may
therefore be anticipated that it would have a similar effect in gut bacteria, which could then impair
methionine bioavailability in humans. A further factor is the depletion of methionine through its
deflection towards the transsulfuration pathway, as a precursor for homocysteine, which will be
consumed to supply sulfate to the endothelial wall when eNOS’ sulfate synthesis is impaired. Since
methionine is the source of methyl groups in methylation pathways, this effect of glyphosate could
contribute directly to methylation impairment.
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10.5. Molecular Mimicry and Multiple Sclerosis
An increased incidence of inflammatory bowel disease has been found in association with multiple
sclerosis (MS) [234]. This could be explained by the hypothesis that gut bacteria leaking into the
vasculature cause an immune reaction, and that molecular mimicry leads to an autoimmune disorder
resulting in destruction of the myelin sheath. A systematic search comparing reported sequences from
all known human bacterial and viral agents against three known encephalitogenic peptides identified
matching mimics predominantly in gut bacteria [235]. This could explain why no infective agents have
been found in association with MS, but would also suggest that the recent increase in the incidence of
MS [236] may be traced to inflammatory bowel disease, and, hence, to glyphosate.
10.6. Dopamine and Parkinson’s Disease
Since dopamine is synthesized from tyrosine and its precursor phenylalanine, tyrosine and
phenylalanine depletion by glyphosate in both plants and microbes would be expected to reduce their
bioavailability in the diet. It has been demonstrated that dietary reductions of phenylalanine and
tyrosine induce reduced dopamine concentrations in the brain [237]. Impaired dopaminergic signaling
in the substantia nigra is a key feature of Parkinson’s disease, and Parkinson’s risk has been associated
with exposure to various pesticides, including the herbicide paraquat [238], although, to our
knowledge, glyphosate has not yet been studied in this respect. However, exposure of C. elegans to
glyphosate led to pathology in the nervous system in the region analogous to the nigrostriatal
dopamine system associated with Parkinson’s disease [239].
Sulfate deficiency in the brain has been associated with Parkinson’s disease, as well as Alzheimer’s
disease and Amyotrophic Lateral Sclerosis (ALS) [240]. We have argued above that glyphosate
disrupts sulfate transport from the gut to the liver, and may interfere with sulfate synthesis by eNOS in
the arterial wall and in RBCs and platelets, leading over time to severe sulfate deficiency throughout
all the tissues. This would further impact these devastating diseases of the elderly, all of which are
currently on the rise.
11. Other Adverse Health Effects
In this section, we will briefly mention several other pathologies in which we suspect that
glyphosate may play a role in the observed increases in incidences in recent times. These include liver
disease, cancer, cachexia, and developmental and fertility problems.
11.1. Liver Disease
Cytokines like TNF- have been identified as a key factor in fatty liver disease, which has emerged
as a growing public health problem worldwide [241]. In the extreme case, liver pathology develops
into nonalcoholic steatohepatitis (NASH), which can lead to cirrhosis and liver failure. Cytokines
induce inflammation which damages the liver. TNF- inhibits insulin signaling [242,243], and
cytokines can induce hepatic lipid overloading as well as liver fibrosis. Glyphosate’s role in inducing
cytokines has already been developed in this paper. Obesity is associated with an increased expression
of membrane-associated TNF- in adipose tissue [244].
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11.2. Development and Fertility
Cholesterol sulfate plays an essential role in fertilization [245] and zinc is essential to the male
reproductive system [246], with a high concentration found in semen. Thus, the likely reduction in the
bioavailability of these two nutrients due to effects of glyphosate could be contributory to infertility
problems. Furthermore, glyphosate’s suppression of CYP protein activity would be expected to disrupt
steroidogenesis. Inflammation leads to excess ROS and RNS exposure, which can damage DNA
during cell replication, thus disrupting embryonic development. Glyphosate is capable of crossing the
placental barrier [247]. Preeclampsia, a life-threatening condition for both the mother and the fetus that
develops during the third trimester, is on the rise in America, and it has been proposed that this may be
due to impaired sulfate supply [248], directly attributable to glyphosate exposure. For all of these
reasons, glyphosate exposure would lead to infertility problems.
According to the World Bank, the fertility rate in Argentina peaked at 3.39 in 1978, and has been
declining steadily since then. The rate of decline accelerated during the last five years of the twentieth
century. Social pressures certainly explain some of the drop in birth rate, but it is possible that
environmental factors, such as glyphosate, also play a role. 1994 was the year that the FDA authorized
the sale of Roundup Ready® (RR) soybeans in the North American market [249], and Argentina
followed suit two years later. “After they were authorized in 1996, RR soybeans spread through
Argentina at an absolutely unprecedented speed in the history of agriculture: an average of more than
two million acres a year.” [249]. Argentina now exports 90% of its soybeans, which have become a
monoculture crop and a cash cow.
The fertility rate in Brazil has also dropped dramatically over the past several decades from six
children per woman on average to fewer than two, now lower than that of the United States. Brazil is
the second largest producer and exporter of soybeans in the world behind Argentina, and it has
embraced genetically modified soybeans engineered to be glyphosate-tolerant as a means to increase
production since the mid 1990’s. A rapidly evolving glyphosate-resistant weed population in Brazil
due to genetically engineered glyphosate-tolerant crops is leading to increased use of glyphosate in
recent years [250], the same time period in which a rapid drop in birth rates was observed. A steady
increase in the rate of preterm births in Brazil over the past two decades has been noted, although the
cause remains elusive. For instance, the rate increased from 6% in 1982 to 15% in 2004 in the town of
Pelotas [251]. It is conceivable that increased exposure to glyphosate is contributing to this problem.
This idea is in line with a study of an Ontario farm population, which revealed that glyphosate
exposure any time during pregnancy was associated with a statistically significant increased risk of a
late-pregnancy spontaneous abortion [252].
The birth rates in Western Europe have been declining for decades, with Germany’s rate now being
1.36 children per woman. Birth rates have also been declining in the U.S since 2007, and are now at
1.9 children per woman, according to the 2011 government statistics [253].
Testicular Leydig cells produce testosterone, and thus play a crucial role in male reproductive
function. The protein StAR (steroidogenic acute regulatory protein) mediates the rate-limiting step in
steroidogenesis. In a recent in vitro study of a mouse tumor Leydig cell line, Roundup was shown to
disrupt StAR expression, thus interfering with testosterone synthesis [254]. It was shown that
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Roundup® interferes with testosterone synthesis even at very low environmental doses, and higher
doses were associated with necrosis and apoptosis in rat testicular cells.
In [255], the in vitro effects of several different pesticides and herbicides on the synthesis of
progesterone in testicular Leydig cells were investigated. Comparing eight different pesticides
(Ammo®, Banvel®, Cotoran®, Cyclone®, Dual®, Fusilade® and Roundup®), it was found that, among
these eight, Roundup® uniquely disrupted the cells’ ability to produce progesterone, reducing synthesis
levels by up to 94% in a dose-dependent manner, without reducing total protein synthesis.
For steroidogenesis, in addition to StAR, the side chain cleavage enzyme (P450scc) is required as
well. The authors in [255] found that Roundup® inhibited both P450scc activity and StAR activity.
Through formal measurements, it was determined that Roundup® reduced StAR protein levels by 90%,
and inhibited P450scc activity by 71%. Glyphosate acting alone did not decrease steroidogenesis,
suggesting that one or more of the adjuvants in Roundup® work in concert with glyphosate to suppress
synthesis levels, e.g., by enabling glyphosate entry into the cell through a surfactant effect or perhaps
acting on their own to inhibit synthesis. StAR plays an important role in steroid production not only in
the reproductive organs but also in the adrenal glands. Thus, Roundup® exposure would be expected to
adversely affect fertility and impair the synthesis of glucocorticoids and mineralocorticoids in the
adrenal glands.
Sea urchins are a popular model for studying mitosis in development. During mitosis, DNA damage
or replication errors (for example due to excess exposure to ROS and RNS) leads to cell cycle arrest at
certain “checkpoints” in G1, S, or G2 phase [256]. Cyclin-dependent protein kinases (CDKs) are
important regulators of these checkpoints, signaling the “go-ahead” to transition to the next phase.
Glyphosate in combination with the adjuvants in Roundup® experimentally induced a cell cycle delay
in the transition from G2 to M phase in sea urchin embryos [257,258]. CDK1, acting on cyclin B,
universally regulates the M-phase of the cell cycle, and Roundup® was shown to delay activation of
CDK1/cyclin B via tyrosine 15 dephosphorylation in vivo, the likely means by which it interferes with
cell cycle progression.
11.3. Cancer
While glyphosate is not generally believed to be a carcinogen, a study on a population of
professional pesticide applicators who were occupationally exposed to glyphosate revealed a
substantial increased risk to multiple myeloma [259]. Myeloma has been associated with agents that
cause DNA damage [260], and DNA damage is a known consequence of chronic exposure to
inflammatory agents, which, we have argued, are induced by glyphosate acting on the gut bacteria and
suppressing CYP activity. Depleted supply of tryptophan as a substrate for poly-ADP ribose also
contributes to DNA damage.
Multiple myeloma accounts for around 15% of all lymphatohematopoietic cancers and around 2%
of all cancer deaths each year in the United States [261]. Symptoms include bone destruction,
hypercalcemia, anemia, kidney damage and increased susceptibility to infection. Obesity is a known
risk factor [261], so one way in which glyphosate could increase risk indirectly is through its potential
role as an obesogen.

Entropy 2013, 15

1440

Virtually all multiple myelomas involve dysregulation of a cyclin D gene [262]. Overexpression of
cyclin D protein releases a cell from its normal cell-cycle control and could cause a transformation to a
malignant phenotype. The fact that glyphosate suppresses cyclin-dependent kinase could be a factor in
inducing pathological overexpression of the substrate, cyclin D.
Another type of cancer that may be implicated with glyphosate exposure is breast cancer. The
strongest evidence for such a link comes from the studies on rats exposed to glyphosate in their food
supply throughout their lifespan, described previously, where some of the female rats succumbed to
massive mammary tumors [9]. The incidence of breast cancer has skyrocketed recently in the United
States, to the point where now one in three women is expected to develop breast cancer in their lifetime.
Breast cancer risk is associated with certain polymorphisms of the CYP gene CYP1A2 and the
sulfotransferase, SULT1A1 [263], and this in turn is associated with altered estrogen and testosterone
expression, along with increased premenopausal breast density, a risk factor for breast cancer [264]. In [263],
it was suggested that impaired sulfation capacity could lead to slower metabolism of sex hormones and
subsequent increased breast density, as well as increased risk to breast cancer. This suggests that
disruption of CYP1A2 and/or of sulfate bioavailability by glyphosate could lead to a similar result. A
high body mass index (BMI) is associated with low CYP1A2 activity in premenopausal women
(p = 0.03) [265], and, as we have seen, the low CYP1A2 activity may be a reflection of glyphosate
suppression of CYP enzymes, in association with glyphosate depletion of tryptophan as an obesogenic
influence, and glyphosate disruption of sulfate synthesis by eNOS.
Obese postmenopausal women are at increased risk to breast cancer compared with lean
postmenopausal women [266]. Studies on Zucker rats exposed to 7,12-dimethylbenz(a)anthracene, a
chemical procarcinogen known to produce mammary adenocarcinoma in rats, demonstrated a much
stronger susceptibility in obese rats compared to lean rats [267]. By the end of the study, obese rats had
a 68% tumor incidence, compared to only 32% in lean rats. Subcutaneous fat expresses aromatase, and
this increased expression has been suggested to play a role in inducing the increased risk, through the
resulting increased estrogen synthesis [268,269]. It has been shown that inflammation increases aromatase expression in the mammary gland and in adipose tissue. Since we have developed an argument that
glyphosate can lead to inflammation, this again suggests a link between glyphosate and breast cancer.
11.4. Cachexia
Cachexia (muscle wasting) is a frequent debilitating complication of cancer, AIDS, and other
chronic inflammatory diseases. The loss of muscle mass arises from accelerated protein degradation
via the ubiquitin-proteasome pathway, which requires ubiquitin conjugating of designated proteins
prior to their disposal [270]. The ubiquitin-conjugating pathway is stimulated by TNF- , thus
promoting muscle breakdown. In [271], it was shown that TNF- upregulates expression of the
ubiquitin ligase atrogin1/MAFbx in skeletal muscle, via the mitogen-activated kinase (MAPK)
pathway. Thus increased TNF- expression as a consequence of the inflammatory response associated
with glyphosate exposure could be a factor in cachexia.
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12. Glyphosate in Food Sources
Following its successful commercial introduction in 1974 in the U.S., glyphosate has now become
the dominant herbicide worldwide [6]. In large part this is due to its perceived lack of toxicity in
humans. Since becoming generic in 2000, the dramatic drop in cost has encouraged global use of the
generic version. Today, it is estimated that 90% of the transgenic crops grown worldwide are
glyphosate resistant. The rapidly growing problem of glyphosate-resistant weeds is reflected in steady
increases in the use of glyphosate on crops.
Table 1. Estimated range for glyphosate usage in agriculture in the U.S. as a function of
year. Range is estimated in units of millions of pounds. These data were obtained from the
EPA [272].
Year
Range

Glyphosate usage for the USA (Range in millions of pounds)
2001
2003
2005
85–90
128–133
155–160

2007
180–185

Today, Americans spray more than 100 million pounds of Roundup®, the most popular among
Monsanto's chemicals, on their yards and farms every year. According to the most recent statistics
from the U.S. Environmental Protection Agency (EPA) [272], the U.S. currently represents 25% of the
total world market on herbicide usage. Glyphosate, first registered for use in 1974, has been the most
common herbicide used in the United States since 2001, and the amount of glyphosate usage has
increased steadily since then, as shown in Table 1. In 2007, the most recent year for which such
numbers are available, the U.S. used an estimated 180 to 185 million pounds of glyphosate, more than
doubling the amount used just six years before.
The Western diet is a delivery system for toxic chemicals used in industrial agriculture. The diet
consists primarily of processed foods based on corn, wheat, soy and sugar, consumed in high quantities.
Chemical residues of insecticides, fungicides and herbicides like glyphosate contaminate the entire diet.
Over the last decade, there has been widespread adoption in the U.S. of Roundup Ready® (RR) crops,
particularly for the major productions of soy, beet sugar, and corn that supply the processed food
industry. The recent alarming rise in type-2 diabetes has been attributed to excess intake of high
fructose corn syrup, which has increased to unprecedented levels in the last decade [273]. This refined
sugar is now usually derived from glyphosate-exposed GM corn. GM cotton is also increasingly being
used as a source for cottonseed oil, widely present in processed foods such as potato chips, due to its
low cost. A recent comparison between glyphosate-sensitive and glyphosate-resistant soybean crops
revealed that the resistant plants took up much higher levels of glyphosate into their leaves [274]. A
corollary is that these plants would be expected to yield much higher glyphosate concentrations in
derived food sources, compared to their non-GMO counterparts.
Confined animal feeding operations (CAFOs) are used to produce dietary animal protein for a
mostly non-agrarian population [275]. Cows, pigs, sheep, goats, chickens and even farm-raised fish
and shrimp are fed a diet primarily of genetically engineered grains and forage materials laced with
herbicide. As a consequence, animal products like, eggs, butter, cheese and milk are also contaminated
with these residues. The highest levels of glyphosate are found in grain and sugar crops. The herbicide
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is not only used with RR crops, but also, as previously mentioned, it is used as a preharvest desiccant
on sugar cane, wheat and also RR sugar beets, canola, and cottonseed for oils, among others.
It is difficult to get information on actual amounts of glyphosate present in foods, due to the
perception that it is nontoxic to humans [1,6]. The USDA Pesticide Data Program (PDP) is a voluntary
program which randomly monitors agricultural chemical residues in the food supply. A search of the
most recent data for 2010, published in May 2012, found statistics for the most popular agricultural
chemicals except for glyphosate and glufosinate, another organophosphate. Residue data for the most
popular herbicide on the planet were not available, but, interestingly, information on atrazine and other
herbicides were readily available. Communication with USDA revealed that no data were available
due to lack of monitoring. However, in 2013, for the first time, the USDA will be releasing a small
amount of data for glyphosate residues only in soy. Lack of program funding was cited as the reason
for this lack of data.
Recently, residue levels have been on the rise, due to higher rates and frequency of application,
which in turn is due to increasing weed resistance. This has led the chemical and biotech industry to
demand approvals for higher residue standards. In 1999 both the European Union (EU) and the UK
raised the maximal glyphosate levels allowed in soy for industry from 0.1 ppm to 20 ppm. Both the
USA and Argentina supply glyphosate-laden grains to European markets, so one could expect to find
similar levels in the U.S.
The European Union’s current standard for glyphosate in lentils is 0.1 mg/kg but a new industry
proposal seeks to raise the standard by more than 100 times to 10 mg/kg or even 15 mg/kg [276]. This
is not due to safety considerations, but rather to levels that are anticipated, following usage of the
herbicide as a preharvest desiccant. The action will ignore the possible effects to public health. The
effects of animal health from ingestion of glyphosate residues have also been ignored. Current
standards for residues in feed and forage materials are totally out of line with those of humans.
Tolerances for animal grass and corn forage are 300 and 400 ppm respectively. It is apparent that the
EPA standard is being ignored on a global scale for industry at the expense of public health and
the environment.
13. Discussion
Glyphosate is today the most popular herbicide in use in agricultural practices in the U.S., and,
increasingly, throughout the world. Its usage rate has accelerated significantly in the last decade due
mainly to two factors: (1) the patent expiration in 2000 led to greatly reduced cost, and (2) the adoption
of genetically modified crops that are resistant to its toxic effects allows for higher exposure with little
loss in harvest yield. The notion that glyphosate has minimal toxicity in humans, widely popularized by
Monsanto, has prevented farmers from using caution in their application of this chemical to their crops.
The recent rise in the rates of autism diagnoses in the United States is a cause for alarm. We have
recently proposed that autism can be characterized as a chronic low-grade encephalopathy, where the
cascade of events taking place in the brain is a process that enables the renewal of severely depleted
sulfate supplies to the brain [277]. We identified a dysbiosis in the gut as a source of ammonia that
initiates the encephalytic response, and we proposed glyphosate as one of the many environmental
toxins that might be responsible for the dysbiosis and for sulfate depletion. A review of the literature
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on glyphosate has confirmed our suspicions that glyphosate might play a role, and, further, have led us
to believe that glyphosate may be the most significant environmental toxin contributing to autism.
While it is pervasive in our food supply, the fact that it is deemed by most regulators to be nontoxic
makes it especially insidious. The key pathological biological effects of glyphosate -- disruption of the
gut bacteria, impairment of sulfate transport, and interference with CYP enzyme activity—can easily
explain the features that are characteristic of autism.
The term "developmental immunotoxicity" has been coined to describe permanent modifications to
the immune function that take place early in life, leading to later development of allergies, asthma, and
autoimmune diseases [278–280]. These authors have argued that prenatal and/or early life exposure to
environmental toxins can lead to a phenotype that includes a hyperinflammatory response and
disruption of cytokine networks, and they propose that an increased exposure to environmental toxins
early in life may contribute to the increased incidence of these conditions observed today. It is
significant that these problems often occur in association with autism [281].
Contrary to the current widely-held misconception that glyphosate is relatively harmless to humans,
the available evidence shows that glyphosate may rather be the most important factor in the
development of multiple chronic diseases and conditions that have become prevalent in Westernized
societies. In addition to autism, these include gastrointestinal issues such as inflammatory bowel
disease, chronic diarrhea, colitis and Crohn’s disease, obesity, cardiovascular disease, depression,
cancer, cachexia, Alzheimer’s disease, Parkinson’s disease, multiple sclerosis, and ALS, among others.
While glyphosate is obviously not the only environmental toxin to contribute to these diseases and
conditions, glyphosate’s ability to disrupt the gut bacteria, to impair serum transport of sulfate and
phosphate, and to interfere with CYP enzymes, logically progresses to this multitude of diseased states,
through well-established biological processes. And glyphosate’s disruption of the body’s ability to
detoxify other environmental toxins leads to synergistic enhancement of toxicity. While genetics surely
play a role in susceptibility, genetics may rather influence which of these conditions develops in the
context of glyphosate exposure, rather than whether any of these conditions develops.
We have explained the logical sequence of events leading to serotonin deficiency and subsequent
pathologies, following glyphosate’s disruption of tryptophan synthesis by gut bacteria [10,29], and its
further sequestration into macrophages that infiltrate the intestinal tissues in order to detoxify
lipopolysaccharides released from pathogenic bacteria, whose overgrowth is induced by glyphosate [35].
Sulfate depletion arises in the gut, both because of impaired transport of free sulfate in the bloodstream
and impaired sulfate synthesis by eNOS [63,64]. Disruption of gut bacteria, exposure to toxic phenolic
compounds necessary to enable sulfate transport, and deficient sulfate supply to the
mucopolysaccharides in the gut all contribute to the leaky gut syndrome that is a common feature in
autism [51]. The evidence shows that glyphosate can interfere with development through its
suppression of aromatase synthesis [110] and through its interference with the breakdown of retinoic
acid [113] and its interference with CDKs and sulfate supplies. Glyphosate could also be a factor in the
current epidemic in vitamin D3 deficiency [166] through its disruption of the CYP enzymes that
activate this hormone in the liver [164,165]. The kosmotropic property of the glyphosate molecule
combined with its disruption of CYP enzymes in the blood stream can lead to excess thrombosis and
hemorrhaging, common problems today among the elderly.
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We propose that glyphosate’s disruption of the synthesis of sulfate by the CYP orphan enzyme,
eNOS, leads to widespread deficiencies in cholesterol and sulfate in the blood stream and all the
tissues. We have previously described how disruption of eNOS’ synthesis of sulfate would lead to
diabetes and cardiovascular disease [177]. Glyphosate’s induction of excess synthesis of ammonia in
the gut, combined with depletion of zinc through impaired absorption, depletion of serotonin through
dysbiosis of its substrate, tryptophan, depletion of dopamine through impaired synthesis of its
substrate, tyrosine, depletion of vitamin D3, due to impairments in the CYP enzyme responsible for its
activation, and depletion of sulfate through interference with its synthesis, can all lead to a multitude of
pathologies in the brain, including autism, Alzheimer’s disease, ADHD, Parkinson’s disease, multiple
sclerosis and ALS.
There is a substantial alignment among countries, worldwide, with low or decreasing birth rates,
emerging obesity problems, and an increasing glyphosate burden. Given the arguments presented here,
it is plausible that glyphosate is causal in these trends. It may also be possible to demonstrate strong
correlations between glyphosate usage and both autism and breast cancer. Formal epidemiological
studies should be conducted to look at these issues more closely.
In our opinion, it is imperative that governments around the globe unite in investing significant
research funds to support independent studies evaluating the long-term effects of glyphosate. Other
researchers should try to reproduce the results obtained in [9] showing tumorigenesis and premature
death in rats with life-long exposure to glyphosate. The study on the gut microbiome of chickens [35]
needs to be reproduced in other species, and the gene array study on E. coli [39] needs to be
reproduced for other common gut bacteria. The novel idea that glyphosate disrupts sulfate transport
through its kosmotropic effects, as predicted given biophysical laws, needs to be verified in specific
studies among a variety of species. This could be done by comparing the levels of free sulfate in the
blood under conditions of glyphosate exposure against controls. The study on glyphosate's effects on
bees [126] should be reproduced by other researchers, along with further studies examining the impact
of prior exposure to glyphosate on bees' resistance to pesticides. More refined and economical methods
for detecting glyphosate in the food supply, such as in [0,283], and in the water supply [284], need to
be developed, and then applied to a variety of different food items. Most critical in our view are the
vegetable oils derived from GM crops canola oil, soybean oil, corn oil, and cottonseed oil, as well as
soy-derived protein, beet sugar, and high fructose corn syrup – ingredients that are pervasive in
processed foods. Glyphosate is likely also present in meat, eggs, cheese, and other dairy products
derived from animals fed glyphosate-contaminated grass, alfalfa, corn, and soy [285,286].
14. Conclusion
This paper presents an exhaustive review of the toxic effects of the herbicide, glyphosate, the active
ingredient in Roundup®, in humans, and demonstrates how glyphosate’s adverse effects on the gut
microbiota, in conjunction with its established ability to inhibit the activity of cytochrome P450
enzymes, and its likely impairment of sulfate transport, can remarkably explain a great number of the
diseases and conditions that are prevalent in the modern industrialized world. Its effects are insidious,
because the long-term effects are often not immediately apparent. The pathologies to which glyphosate
could plausibly contribute, through its known biosemiotic effects, include inflammatory bowel disease,
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obesity, depression, ADHD, autism, Alzheimer’s disease, Parkinson’s disease, ALS, multiple sclerosis,
cancer, cachexia, infertility, and developmental malformations. Glyphosate works synergistically with
other factors, such as insufficient sun exposure, dietary deficiencies in critical nutrients such as sulfur
and zinc, and synergistic exposure to other xenobiotics whose detoxification is impaired by glyphosate.
Given the known toxic effects of glyphosate reviewed here and the plausibility that they are negatively
impacting health worldwide, it is imperative for more independent research to take place to validate
the ideas presented here, and to take immediate action, if they are verified, to drastically curtail the use
of glyphosate in agriculture. Glyphosate is likely to be pervasive in our food supply, and, contrary to
being essentially nontoxic, it may in fact be the most biologically disruptive chemical in our environment.
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Genetically Modified Organisms and the deterioration of health in the United States
N.L. Swanson, 4/24/2013
This document was first published as a series of articles on Seattle examiner.com
Washington state residents likely to vote on GMO food labels
Hearings have been held in both the Washington state Senate (Feb. 14) and the House (March 5) on the
initiative to label GMOs in our food. It is highly unusual for the legislature to take action on an
initiative so it is likely that I-522 will show up on our ballots next November. It behooves us to
educate ourselves about this important issue.
A majority of Americans favor labeling GMOs
According to a poll taken two weeks ago by the Huffington Post, 82% of Americans think that GMOs
should be labeled, 9% believe they don't need to be labeled and 8% aren't sure. The poll also showed
that, while most people think that GMOs should be labeled, many people don't really know too much
about GMOs.
What is a GMO?
A genetically modified organism, or GMO is the term commonly used for crops that have been
genetically engineered (GE) to produce some desired trait. The first GE crops were tobacco plants
modified in 1986 to be resistant to direct application of herbicides. The following year, tobacco plants
were engineered to resist insects. There followed a host of field trials to also develop plants resistant to
viral and fungal diseases and to modify traits such as ripening, starch content and so on. In 1995 the
FDA approved GE corn, soy, cotton, canola, potato, squash and tomato for commercialization and the
amount of GE crops since then has been steadily increasing. Most often the genes are altered to render
the plant resistant to either insects or herbicides.
How are plants engineered to be insect resistant (IR)?
Sections of the DNA from the bacteria known as Bacillus thuringiensis (Bt)are isolated and inserted
into the plant cells by a process known as genetic transformation. The entire plant is then regenerated
from the transgenic plant cells. There are thousands of different Bt strains that produce protein crystals
toxic to insect pests. Particular strains are chosen to target specific plant pests. The resulting plant
contains the Bt toxin in its cells. When the plant is eaten by the target insect the toxin binds to
receptors in the insect's gut, causing the gut wall to break down and allowing toxin spores and normal
gut bacteria to enter the body. As spores and bacteria proliferate in the body, the insect dies.
How are plants engineered to be herbicide tolerant (HT)?
Micro-organisms are identified that are tolerant of the active chemical in the herbicide. In the case of
glyphosate, the active ingredient in Roundup, glyphosate-resistant enzymes are isolated from a strain of
Agrobacterium. These are inserted into the genes of the plant via a multi-step process resulting in a
plant that can withstand direct application of the herbicide.
The stance taken by Monsanto, Dow and the other peddlers of both chemicals and genetically
engineered seeds is that GMO food is “identical to non-GMO products.” They claim that genetic
engineering is no different than plant hybridization, which has been practiced for centuries. It is the
reason they gave, and the EPA accepted, for not having to submit GMO food to rigorous testing to
obtain EPA approval. It's up to the companies that manufacture GMOs to research and determine the

safety of their products.
Not only are the bacteria genes themselves potentially toxic, but the plants can be sprayed directly with
herbicides, the herbicide-resistant plants absorb the poisons and we eat them. It's difficult to
understand how this can be considered “essentially” the same as plant hybridization.

GMOs are prevalent in the U.S. food supply
Chances are that corn chip you are eating has been genetically engineered. Even more so if it has been
fried in canola, corn, cottonseed, or soy oil. Most residents of the U.S. are consuming large quantities
of Genetically Modified Organisms (GMOs) in their food. GMOs were first approved by the FDA for
food crops in 1994. Since then the number of FDA approvals for GMO crops has steadily increased.
How are transgenic or genetically engineered (GE) crops approved?
The USDA/Animal and Plant Health Inspection Service (APHIS) issues permits for field trials, and
later for general environmental release of GE crops. If the GE crop contains a pesticide, as is the case
for Bt crops, approval is also required by the Environmental Protection Agency. If the product from a
transgenic crop is for food or feed use, the Food and Drug Administration (FDA) must give final
approval before the crops can be grown commercially.
How many and what kind of GE crops have been approved?
As of August, 2012, there have been a total of 144 crops approved by the FDA. The most widely and
rapidly adopted transgenic crops in the United States are those with herbicide-tolerant traits. Of the
144 crops approved by the FDA, 75% have been genetically engineered to either withstand direct
applications of herbicides or they contain an insecticide Bt toxin, or both. In the mid-'90s, scientists
figured out how to combine more than one trait in the same plant. These were first released in 1997
and are called “stacked gene traits.” The crops that have been approved are summarized in the table
below, along with a partial list of food products and other uses for each type of crop. Any or all of
these products can be found in packaged foods and drinks: cereals, energy bars, chips, juices etc.
GE Crop

# of FDA
approvals

Food Product

Other Uses

Alfalfa

1

Seeds, sprouts, leaf meal used for fortifying baby food and
other special diet foods

Animal feed

Canola (rapeseed)

17

Cooking oil, mayonnaise, salad dressing

Animal feed

Cantaloupe

1

Cantaloupe

Cotton

22

Cottonseed oil for fried foods

Cloth, animal feed

Flax

1

Oil as a supplement, meal added to grain products

Animal feed,
cloth

Corn (maize)

38

Cooking oil, corn products, corn, corn syrup

Animal feed

Papaya

2

Papaya, juice

Plum

1

Plum, jelly, jam, canned plums

Potato

28

Potato, potato chips, flour

Radicchio

1

radicchio

Rice

2

Rice, crackers, cereal, flour

Animal feed

Soybean

17

Cooking oil, tofu, soy sauce, lecithin, soy nuts, soy milk,
infant formula, cereal products, flour, soy protein,
mayonnaise, salad dressing

Animal feed

Squash

2

squash

Sugar beet

3

Anything that contains beet sugar

Tomato

7

Tomato, tomato sauce, paste, ketchup, canned tomato

Animal feed

Animal feed

Wheat

1

Flour

Source: FDA: Completed consultations on bioengineered foods

How prevalent are these transgenic crops in the food supply?
The USDA estimates that in 2012, 93% of all soy, 88% of the corn and 94% of the cotton grown in the
U.S. was genetically engineered. The USDA only collects GE data on these three crops. The figure
below shows the percent change of GE crops planted since 1996
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1996-1999 data: USDA Agricultural Economic Report No. (AER-810) 67 pp, May 2002
2000-2012 data: USDA:NASS National Agricultural Statistics Service

It could be argued that not all of these crops are grown for human consumption. Some are grown for
animal feed. But the percentage of the crops grown for animal feed are still in the food supply in the
form of meat, eggs, milk and milk products. Some of these crops are grown for bio-fuels and textiles.
But as long as the amount used for non-food products are taken randomly from the supply, the
percentage does not change. Only if most or all of the GE corn and soy are used for bio-fuels, for
example, would the overall percentage change. The same is true for the cotton.
Are you eating GMOs?
You have been eating GMOs in steadily increasing amounts since 1996. If your diet consists of a lot of
corn, soy, potato, sugar, or packaged foods, you are eating a great deal of GMOs.

GMO crops increase pesticide use
Contrary to claims made by the chemical industries, glyphosate use increased 6,504% from 1991 to
2010 according to data from the USDA: National Agricultural Statistics Service (NASS). States
participating in the USDA surveys reported applying a whopping 91,200 tons (1 rail car holds
approximately100 tons) of glyphosate on corn, cotton and soy crops alone in 2010 (see graph).
Glyphosate is the active ingredient in Roundup™, the herbicide used on Roundup Ready™ crops
genetically engineered (GE) to withstand glyphosate. Glyphosate residues of up to 4.4 mg/kg have
been detected in stems, leaves and beans of glyphosate-resistant soy, indicating metabolism of the
herbicide. This means that the Roundup Ready™ plants are absorbing the herbicide and you cannot
simply wash it off.

Glyphosate is showing up everywhere
In a 2011 study by the U.S. Geological Survey, glyphosate was frequently detected in water, rain and
air in the Mississippi River basin. Also in 2011, Chang et al. reported concentrations of glyphosate in
air and rain as high as 2.5 μg/L in agricultural areas in Mississippi and Iowa. The presence of two
insecticides and 27 herbicides were detected in reservoir water in the Northern Great Plains in 2007,
according to Donald et al. The total concentration of herbicides in drinking water was 2.4 μg/L.
Because glysophate is in our air, water and food, we are likely accumulating low doses over time.
Overall pesticide use on GMO crops is increasing
“Pesticide” is a broad term encompassing both herbicides and insecticides. The graph showing the
percentage of the combined total acreage of corn, cotton and soy treated with herbicides shows an
overall increase of 6% from 1990 to 2010. There was also a 1,722% increase in the percentage of acres
treated with glyphosate, primarily used to treat GE glyphosate-resistant crops. This leads to the
conclusion that the overall increase in herbicide use is due to the increase in glyphosates. The

percentage of acreage treated with insecticides oscillates a bit but remains steady.

While the percentage of crops treated with herbicides is increasing, the application rate in lbs/acre of
active ingredient has also increased for glyphosate, meaning that more of the product has been applied
more often over time. This is probably due to the increase in glyphosate-resistant weeds, or “superweeds,” shown in the first graph. The chemical industry's solution is to engineer varieties resistant to
stronger herbicides, 2,4-D and dicamba. Indeed, the FDA has already approved three two for soy and
one for corn. The total herbicide application rate did decline from 1997-2000, but then rose steadily
until it again reached pre-GMO crop rates.

The insecticide application rates have oscillated but have shown a steady decline. As previously
reported, GE corn was slower to be integrated and the insecticide rates for corn (not shown) show a
steady decrease. But the insecticide rates for soy and cotton oscillate. The percentage of acres treated
for insecticides is shown in the final graph. There was a sharp rise in the application rate of insecticide
applied to cotton around 2000, corresponding to the peak in the percentage of acres treated for cotton.
There are increasing reports of bollworm resistance to the Bt toxin in GE cotton. The industry
solution? Genetically engineer cotton with two or more stacked Bt traits. Why there are increasing
insecticide applications to soybeans is a mystery.

One of the main selling points for GE crops was that they would decrease pesticide use. This has not
been realized.
Note: Data for all three crops, corn, cotton and soy, were not available for every year from 1990-2010.
Data for some of these years for some crops were interpolated before being combined.
Acknowledgment: Jon Abrahamson helped with data mining for this article.
Data sources:
Glyphosate: USDA:NASS National Agricultural Statistics Service (NASS)
GE crop data:
1996-1999 data: USDA Agricultural Economic Report No. (AER-810) 67 pp, May 2002
2000-2012 data: USDA:NASS National Agricultural Statistics Service

Data trends show correlations between increases in organ diseases and GMOs
Prevalence and incidence data show correlations between diseases of the organs and the increase in
Genetically Modified Organisms (GMOs) in the food supply, along with the increase in glyphosatebased herbicide applications (see slide show). More and more studies have revealed carcinogenic and
endocrine disrupting effects of Roundup at lower doses than those authorized for residues found in
Genetically Modified Organisms (see notes below).
What is an endocrine disruptor?
The endocrine system controls the body's chemical messages through hormones. Hormones are
secreted directly into the blood by the endocrine glands: pineal, hypothalmus, pituitary, adrenal,
thyroid, thymus, pancreas, ovaries and testes. The glands release carefully measured amounts of
chemicals into the bloodstream to regulate important functions including growth and development,
reproduction, healthy weight, mood and organ performance. An endocrine disruptor is a chemical that
either mimics or blocks hormones and disrupts the body's normal functions. This disruption can happen
through altering normal hormone levels, halting or stimulating the production of hormones, or
interacting directly with the organ the hormone was meant to regulate. Because hormones work at very
small doses, endocrine disruption can occur from low-dose exposure to hormonally active chemicals.
Low doses over long periods of time may lead to very serious illnesses.
What are the effects of endocrine disruption?
Endocrine disruptors can lead to failure in all systems in the body that are controlled by hormones.
Imbalances and malfunctions of the endocrine system can lead to diabetes, kidney disease,
hypertension, obesity, osteoporosis, Cushing's syndrome, hypo- and hyperthyroidism, infertility, birth
defects, erectile dysfunction, cancer (breast, prostate, liver, brain, thyroid, non-Hodgkin's lymphoma),
sexual development problems, neurological disorders (learning disabilities, attention deficit disorder,
autism, dementia, Alzheimer's, Parkinson's, schizophrenia) among others. Endocrine disruptors are
especially damaging to growth in fetuses, babies and children.
Correlations between the increase in glyphosate use on crops and organ disease
It was shown in previous articles that there has been a huge increase in the amount of glyphosates
applied to corn and soy crops grown in the U.S. corresponding to the rise in the percentage of corn and
soy planted with genetically engineered (GE) varieties. Those data represent only a portion of the total
GE crops and amount of glyphosates applied. The USDA only collects data on GE crops for corn,
cotton and soy. Since most of the corn (88%) and soy (94%) planted now is GE, these data give a
representation of the rising trends in both GE crops and herbicide use. Glyphosate was first marketed
for weed control under the trade name Roundup™ in 1976 but data are not available before 1990.
If GE crops and associated glyphosate use are causing diseases of the organs, one would expect to see a
correlation in the data. The data for corn and soy crops have been plotted against the incidence rates
(new cases reported per year) of cancers of the thyroid and liver. Cancers of the thyroid and liver
especially seem to track with the advent of GE crops and associated glyphosate applications. Thyroid
cancer seems to affect women more often, while males are more susceptible to liver cancer. This is in
agreement with data in rats reported by Séralini et al. “... the sex hormonal balance was modified by
GMO and Roundup treatments. In treated males, liver congestions and necrosis were 2.5–5.5 times
higher.”

The data for corn and soy crops have also been plotted against: % of U.S. population who are obese,
who have high blood pressure, and hospitalizations for acute kidney injury (a sudden, temporary, and
sometimes fatal loss of kidney function). While these data aren't available before 1995, the trends are
remarkably coincident.

Finally the corn and soy crop data are plotted against the incidence and prevalence (number of people
who have the disease) of diabetes. The correlation is clear. This is also in agreement with the Séralini
study, “.. data confirmed very significant kidney chronic deficiencies; for all treatments and both sexes,
76% of the altered parameters were kidney related.”

Correlation does not necessarily imply cause and there may be other factors. Other known endocrine
disruptors are: BPA (bisphenol-A) & phthalates (both in plastics), dioxins (byproduct of smelting,
paper bleaching, manufacture of herbicides and pesticides), and atrazine polychlorinated biphenyls
(PCBs -- used in electrical equipment, coatings, inks, adhesives, flame-retardants, and paints). Indeed,
we are bombarded with a veritable cocktail of chemicals daily in addition to GMOs and their associated
herbicides. These include food preservatives (BHA & BHT), water contaminants (chlorine & fluoride),
food additives (aspartame, monosodium glutamate, carrageenan), and food coloring to name a few. We
have been exposed to an increasing background level of chemicals for over 40 years. The body burden
becomes overwhelming. GMOs may be pushing us off the cliff. Certainly more research should be
done to firmly establish causality.
Acknowledgment: Jon Abrahamson helped with data mining for this article.
Notes:
There are many scientific studies showing that glyphosate and the additives in Roundup are toxic to
human cells. Below is a list of those most pertinent to this discussion.
In 2004, Marc et al. reported that glyphosate-based pesticides cause cell-cycle dysfunction that leads to
development of cancer.
In 2009 Gasnier et al. published an article in the journal Toxicology citing evidence that glyphosatebased (G-based) herbicides are endocrine disruptors in human cells. They reported toxic effects to liver

cells “at 5 ppm [parts per million], and the first endocrine disrupting actions at 0.5 ppm, which is 800
times lower than the level authorized in some food or feed (400 ppm, USEPA, 1998). ... In conclusion,
according to these data and the literature, G-based herbicides present DNA damages ... on human
cells.”
In 2012 Koller et al. reported that glyphosate and its formulation (Roundup) is toxic to cells,
particularly organ cells, and exhibits DNA-damaging properties “after short exposure to concentrations
that correspond to a 450-fold dilution of spraying used in agriculture.”
What is often overlooked is the role of “inert” ingredients in glyphosate formulations like Roundup,
which have been found to amplify glyphosate toxicity.
In 2005, Richard et al. reported that “glyphosate is toxic to human placental JEG3 cells within 18 hr
with concentrations lower than those found with agricultural use, and this effect increases with
concentration and time or in the presence of Roundup adjuvants. Surprisingly, Roundup is always more
toxic than its active ingredient. ... We conclude that endocrine and toxic effects of Roundup, not just
glyphosate, can be observed in mammals.”
In 2012, Mesnage et al. reported, “This study demonstrates that all the glyphosate-based herbicides
tested are more toxic than glyphosate alone ... The formulated herbicides (including Roundup) can
affect all living cells, especially human cells. Among them, POE-15 clearly appears to be the most
toxic principle against human cells, ... We demonstrate in addition that POE-15 induces necrosis when
its first micellization process occurs, by contrast to glyphosate which is known to promote endocrine
disrupting effects after entering cells.”

Data Sources:
Diabetes incidence data: CDC
Diabetes prevalence data: CDC
ESRD data: U.S. Renal Data System
Blood pressure data: CDC
Obesity data: CDC
Acute Kidney Injury: National Kidney and Urologic Diseases Information Clearinghouse (NKUDIC) a
service of NIH (public domain).
Cancer data: National Cancer Institute-Surveillance Epidemiology and End Results (SEER)
SEER 9 areas (San Francisco, Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, and
Atlanta).
Rates are per 100,000 and are age-adjusted to the 2000 US Std Population (19 age groups - Census
P25-1130).
Glyphosate: USDA:NASS National Agricultural Statistics Service (NASS)
Percent GE corn & soy data:
1996-1999 data: USDA Agricultural Economic Report No. (AER-810) 67 pp, May 2002
2000-2012 data: USDA:NASS National Agricultural Statistics Service

Mounting evidence that GMO crops can cause infertility and birth defects
The endocrine disrupting properties of glyphosate can lead to reproductive problems: infertility,
miscarriage, birth defects, and sexual development (see notes). Fetuses, infants and children are
especially susceptible because they are continually experiencing growth and hormonal changes. For
optimal growth and development, it is crucial that their hormonal system is functioning properly.
There are increasing reports of glyphosates and glyphosate formulations causing sexual dysfunction,
low birth weight, fewer births and sterility in laboratory animals, farm animals and humans (see notes).
A Russian study found that feeding hamsters GMO soy resulted in complete sterility after two or three
generations.
Glyphosate was first marketed in 1976 and its use has exploded since the advent of glyphosateresistant, genetically engineered (GE) crops in 1995. The herbicide-resistant GE crops absorb
glyphosate through direct application and from the soil and it cannot be washed off. It is in the food.
Infertility
According to the Center for Disease Control (CDC), the number of women ages 15-44 with impaired
ability to have children is 6.7 million (10.9%). The number of women ages 15-44 who have ever used
infertility services is 7.4 million. According to the graph showing results for Assisted Reproductive
Technologies (ART), the number of live births resulting from ART increased 113% from 1999 to 2008.
Since ART is expensive and not generally covered by medical insurance, infertility issues affect many
more people than this graph shows.

Birth Statistics
In the U.S., both the percentage of preterm births and babies born with low birth weight have been
slowly increasing since 1990, more steeply increasing from 1995 to 2006 and declining slightly since
then (see slide show). The percentage of preterm births (less than 37 weeks of gestation) rose 21%
from 1990 through 2006 (16% from 1995-2006) and has since declined but is still 10% higher than in

1990. The percentage of babies born with low birth weight (LBW, less than 5lb 8oz.) rose 19% from
1990-2006 (14% from 1995-2006) and have also declined slightly since then but are still 17% higher
than in 1990.
Interestingly, a report by Hamilton et al. for the Center for Disease Control (CDC) shows a drop in both
the fertility and birth rates in the U.S. since 2007. Perhaps the women at highest risk are no longer able
to become pregnant.
The infant mortality rate in the U.S. has been steadily dropping for decades, until 2000. According to
the CDC, the infant mortality rate dropped 40% from 1980 to 1995 and 19% from 1995-2010 with no
drop in the period from 2000-2005. It has dropped less than half as much in the last 15 years as in the
previous 15 years.
The second highest cause of infant mortality is complications due to preterm birth or low birth weight.
This, along with maternal complications of pregnancy were both increasing, along with the increase in
preterm births and LBW in live births. There has been conjecture that LBW and preterm births may be
due to the increase in ART births, since multiple births are more likely to result and these problems are
more common in multiple births. This cannot be the case because the ART graph shows that the
number of multiple births did not change from 2002 to 2006, during the period of steepest increase.
The slight drop in these statistics since 2006 may be because of growing awareness at that time of
endocrine disrupting BPA (bisphenol-A) & phthalates in plastics. The U.S. Consumer Product Safety
Improvement Act, passed in 2008, banned the use of phthalates in children's products.
Only one generation has passed since the introduction of GE crops so it may be a bit early for the full
effects to become apparent but the data trends are showing that strange things are happening.

Birth defects
The leading cause of infant mortality in the U.S. is congenital birth defects. There have been reports
that glyphosate is toxic to placental, umbilical and embryonic cells (see notes). The placenta, via the
umbilical chord, is responsible for delivering vital nutrients and eliminating waste products to and from
the fetus. Once the placenta and/or umbilical has been damaged or destroyed, the result can be
miscarriage or birth defects. Birth defects due to exposure to glyphosate and glyphosate formulations
have been reported for amphibians and for humans (see notes).
Research at Johns Hopkins University shows that women with thyroid disease are at a high risk of
delivering infants with birth defects. Strong correlation was shown between cancer of the thyroid and
glyphosate use on corn and soy crops and that thyroid cancer affects women more than men.
Birth defects have not been increasing in the U.S., but in the soy-producing regions of Argentina, they
have been skyrocketing. In 2010 the University of Cordoba released a report showing that the
incidence rate of birth defects in South America has increased by 347% from 1997 to 2008, which they
claim is linked to areal spraying of glyphosate on soy crops. People in Argentina began reporting
problems in 2002, two years after the first big harvests of GM Roundup Ready soy. “San Jorge in
Santa Fe, San Nicolás in Buenos Aires, Ituzaingó neighborhood in Córdoba, and La Leonesa in Chaco,
are only some of the places where the increased number of cancer cases, birth defects, reproductive and
endocrine disorders, have been suffered and detected ever since systematic pesticide spraying has
become commonplace.”
There are many endocrine disrupting chemicals in our environment and in our food. The huge increase
in the amount of glyphosate applied to GE food and feed crops has significantly increased our exposure
to endocrine disrupting chemicals. Much more research is needed to study the effects.
Notes:
Infertility and low birth rates:
Laboratory animals:
In 1995 Yousef et al. reported on toxic effects of glyphosate on semen characteristics in rabbits,
“Pesticide treatment resulted in a decline in body weight, libido, ejaculate volume, sperm
concentration, semen initial fructose and semen osmolality. This was accompanied with increases in
the abnormal and dead sperm.”
In 2002 Markaverich et al. found that, “Housing adult rats on ground corncob bedding impedes male
and female mating behavior and causes acyclicity in females.”
In 2008, Austrian researchers found that mice fed GM corn produced fewer and smaller babies than
those fed a non-GM diet.
In April 2010, a Russian study found that after feeding hamsters GM soy for two years over three
generations, most were sterile by the third generation.
2011 Siepmann et al. reported, “Hypogonadism and erectile dysfunction associated with soy product
consumption,” in a 19-year old male (who was also diabetic). Unfortunately, they didn't make the
connection that the soy was almost certainly GE.
In 2012 Antoniou et al. published a review of the evidence of the reproductive toxicity of glyphosate
herbicides and concluded that a new and transparent risk assessment needs to be conducted.

In 2012 Irina Ermakova reported low birth weight and a 55.6% mortality rate in the babies of rats fed
GMO soy compared to 6.8% in the control group.
Farm animals:
An Iowa pig farmer reports sterility and false pregnancies in pigs fed GMO corn.
ADanish pig farmer reports birth defects, infertility and low birth rate in pigs fed GMO corn. (English
version).
Humans:
In 2001 Arbuckle et al, reported on the effect of pesticide exposure on the risk of spontaneous abortion
in Ontario. “For late abortions, preconception exposure to glyphosate ... was associated with elevated
risks. Postconception exposures were generally associated with late spontaneous abortions. Older
maternal age (> 34 years of age) was the strongest risk factor for spontaneous abortions, and we
observed several interactions between pesticides in the older age group.”
Birth defects:
Cells:
In 2005, Richard et al. reported that “glyphosate is toxic to human placental JEG3 cells within 18 hr
with concentrations lower than those found with agricultural use, and this effect increases with
concentration and time or in the presence of Roundup adjuvants.”
In 2009, Benachour et al. evaluated the toxicity of four glyphosate (G)-based herbicides in Roundup
formulations on three different human cell types using a dilution far below agricultural
recommendations and corresponds to low levels of residues in food or feed. They reported that
glyphosate formulations induce apoptosis and necrosis in human umbilical, embryonic, and placental
cells.
Amphibians:
In 2010, Paganelli et al. injected low doses (lower than levels used in fumigating) of glyphosate into
amphibian embryos and recorded brain, intestinal and heart defects in the fetuses. Effects included
reduced head size, genetic alterations in the central nervous system, increased death of cells that help
form the skull, deformed cartilage, eye defects, and undeveloped kidneys. In addition, the glyphosate
was not breaking down in the cells, but was accumulating. According to the authors these results are
“completely comparable to what would happen in the development of the human embryo.”
Humans:
In 2009, Mesnage et al. reported two cases of birth defects in the same family in France after multiple
pesticide exposure. “Many pesticides were used by this family around pregnancies. The father sprayed,
without protection, more than 1.3 tons of pesticides per year including 300 liters of glyphosate based
herbicides.”
In 2009, Winchester et al., reported, “Elevated concentrations of agrichemicals in surface water in
April–July coincided with higher risk of birth defects in live births with LMPs [last menstrual periods]
April–July.”
Data sources:
ART data: CDC
Infant mortality data: CDC
LBW and preterm birth data: CDC and CDC Interactive tables

Data show correlations between increase in neurological diseases and GMOs
The endocrine disrupting properties of glyphosate can lead to neurological disorders (learning
disabilities (LD), attention deficit hyperactive disorder (ADHD), autism, dementia, Alzheimer's,
schizophrenia and bipolar disorder). Those most susceptible are children and the elderly.
Glyphosate was first marketed in 1976 and its use has exploded since the advent of glyphosateresistant, genetically engineered (GE) crops in 1995. The herbicide-resistant GE crops absorb
glyphosate through direct application and from the soil and it cannot be washed off. It is in the food.
Glyphosate has also been found in rivers, streams, air and rain.
The thyroid is an endocrine organ that secretes the thyroid hormone. Thyroid dysfunction has been
identified with mood disorders. Depression is frequently associated with low levels of thyroid
hormone (hypothyroidism), while mood elevation is often associated with high levels of thyroid
hormone (hyperthyroidism). An endocrine disrupting chemical (EDC) can cause erratic behavior.
Recent studies have shown links between food additives and neurotoxicity in cells and hyperactive
behavior in children. Incidents have been reported of laboratory rats and farm animals exhibiting
uncharacteristic aggressive and anti-social behavior on being fed a diet consisting of GMO soy or corn.
Many scientific studies have shown links between thyroid disruption and neurological diseases.
“Thyroid hormones are critical for development of the fetal and neonatal brain, as well as for many
other aspects of pregnancy and fetal growth. Hypothyroidism in either the mother or fetus frequently
results in fetal disease; in humans, this includes a high incidence of mental retardation. ... numerous
studies with rats, sheep and humans have reinforced this concept...” According to de Cock et al,
“Perinatal exposure to EDCs appears to be associated with the occurrence of ASD [autism spectrum
disorder] as well as ADHD. Disruption of thyroid hormone function ... may offer an explanation for
the observed relations....” MacSweeney et al. report, “that the mothers of 104 schizophrenic patients
had: (1) a significantly higher incidence of thyroid disease than a carefully matched control group; (2)
significantly more abortions, still-births and greater infant mortality. The findings and possible
relevance of thyroid disease to schizophrenia are discussed.” Strong correlation was shown between
cancer of the thyroid and glyphosate use on corn and soy crops and that thyroid cancer affects women
more than men. It seems that women are more sensitive to thyroid disruption.
The incidence and prevalence for neurological disorders have been skyrocketing. Data trends over
time for neurological disorders are not readily available for two reasons: they are not as well-studied as
other diseases (cancer, diabetes etc.), and the diagnostic methods keep changing. The experts argue
over whether the increases are real, or a by-product of changes in diagnostics along with greater
attention given to these disorders in recent times. For example, a former diagnosis of mental
retardation might now result in a diagnosis of autism. Furthermore there is a large degree of overlap in
symptoms. Typical manifestations of ADHD, such as distractibility or hyperactivity are also present in
pediatric bipolar disorder, for example.
Children
ADHD According to the New York Times, “an estimated 6.4 million children ages 4 through 17 had
received an A.D.H.D. diagnosis at some point in their lives, a 16 percent increase since 2007 and a 41
percent rise in the past decade.” From the Center for Disease Control (CDC), “rates of ADHD
diagnosis increased an average of 3% per year from 1997 to 2006 and an average of 5.5% per year
from 2003 to 2007. ... It is not possible to tell whether this increase represents a change in the number
of children who have ADHD, or a change in the number of children who were diagnosed.” It also

makes a great deal of difference who is doing the reporting: parents or doctors. The disorder affects
boys more than girls. Whatever the numbers, there seems to be an increasing behavioral problem with
our youth. Our solution is to give them more chemicals in the form of mood-altering drugs.
Bipolar According to a 2007 report by Moreno et al., “the annual number of office-based visits with a
diagnosis of bipolar disorder was estimated to increase in youth from 25 (1994-1995) to 1003 (20022003) per 100,000 population, whereas in adults it increased from 905 (1994-1995) to 1679 (20022003) per 100,000 population. ... most youth bipolar disorder visits were by males (66.5%), whereas
most adult bipolar disorder visits were by females (67.6%).”
Autism The number of autistic children has exploded during the last decade, and some are calling it an
epidemic. There is great controversy over what is causing this and whether all of it is real. “But many
researchers now say that at least part of the rise in autism is real and caused by something in the
environment. Rather than quibbling over recounts they are focusing on finding the causes.”
It was shown in previous articles that there has been a huge increase in the amount of glyphosates
applied to corn and soy crops grown in the U.S. corresponding to the rise in the percentage of corn and
soy planted with genetically engineered (GE) varieties. Those data represent only a portion of the total
GE crops and amount of glyphosates applied. The USDA only collects data on GE crops for corn,
cotton and soy. Since most of the corn (88%) and soy (94%) planted now is GE, these data give a
representation of the rising trends in both GE crops and herbicide use.
The amount of glyphosate applied to U.S. corn and soy crops is plotted against the prevalence of
autism in the graph below. The prevalence of autism was difficult to find and the values shown on this
graph came from many sources using different methods and different age groups. A better estimate
was obtained from the U.S. Department of Education, which keeps track of school age children
receiving services under the Individuals with Disabilities Education Act (IDEA). A second plot is
shown using data from USDE for the number of autistic children receiving services. The correlation is
quite strong which may indicate that glyphosate is a contributing factor in the rise of autism.

Elderly
The elderly are susceptible because they may already have a great body burden of chemical exposure
over their lifetime and because some of their body processes are shutting down and hormonal
disruptions can have a much greater effect on them.
According to the University of Washington Institute for Health Metrics and Evaluation, Alzheimer's
disease went from number 32 in 1990 to number nine in 2010 in the ranking of leading causes of death
in the U.S. Senile Dementia and it's care costs have also skyrocketed in the last two decades.
Prevalence and incidence data were sparse, but data on death rates were available from 1979. Graphs
of the death rates for Alzheimer's, Parkinson's disease and Senile Dementia have been plotted against
glyphosate applications to U.S. corn and soy crops. Again, the correlations are quite strong. Deaths
due to Alzheimer's have been rising since 1980, but there is a sharp spike in 1999.
Correlation does not necessarily imply causation and there are now a host of chemicals in our food and
our environment. The huge increase in the amount of glyphosate applied to GE food and feed crops
has significantly increased our exposure to endocrine disrupting chemicals. In a previous article,
correlations were shown between glyphosate use, GMO crop increase and: thyroid cancer, liver cancer,
obesity, high blood pressure, acute kidney injury, incidence and prevalence of diabetes and end stage
renal disease. All of these diseases and disorders were carefully chosen based on:
1 Glyphosate is a known endocrine disruptor.
2. Endocrine disruptors can cause organ and neurological damage.
3. Roundup™ and GMOs have shown liver and kidney damage and abnormal behavior in rat studies.
4. Use of glyphosate on herbicide-resistant crops has skyrocketed since 1995.
5. Incidence, prevalence and deaths due to these diseases has also skyrocketed since 1995.

It seems improbable that the correlations in the nine graphs of glyphosates and organ disease, and the
three presented here (for a total of 12), can all be coincidence. There has been a trend among the
agricultural and food industries and their regulators to engage in practices that place the consumers at
risk, emerging in the mid-1990s and growing. It involves not just GMOs but many other things as well
and those factors may may be correlated with each other. That may make it impossible to separate out
which one caused a particular effect. Much more research needs to be done. Our children are
disturbed and our elders are dying horribly.

Acknowledgment: Jon Abrahamson helped with data mining for this article.
Notes:
In 2006 Irena Ermakova reported to the European Congress of Psychiatry that, “As in previous series
the behavior of males from GM group was compared with the behavior of control rats. Obtained data
showed a high level of anxiety and aggression in males, females and young pups from GM groups.
Aggression was more expressed in females and rat pups: they attacked and bite each other and the
worker.” 14th European Congress of Psychiatry, Nice, France, Sunday, March 5 2006, Poster #048.
Numerous anecdotal reports of animals on GMO diets behaving aggressively and anti-socially have
been reported by farmers and veterinarians.
In 2010 Shelton et al. published a paper describing potential mechanisms linking pesticides and
autism.
In 2006, Grandjean and Landrigan reported on developmental neurotoxicity of industrial chemicals.
“Neurodevelopmental disorders such as autism, attention deficit disorder, mental retardation, and
cerebral palsy are common, costly, and can cause lifelong disability. ... Exposure to these chemicals
during early fetal development can cause brain injury at doses much lower than those affecting adult
brain function.”

Data sources:
Alzheimer's & Senile Dementia death data : CDC compressed mortality files
Autism prevalence: CDC:
1975* & 1995* from NAT U R E | VO L 4 7 9 | 3 NOV E M B E R 2 0 1 1
Autism IDEA data: 1992-1998
1999-2010 http://nces.ed.gov/FastFacts/display.asp?id=64
U.S. Dept. of Education, National Center for Education Statistics (2012). Digest of Education
Statistics, 2011 (NCES 2012-001), Chapter 2.
Glyphosate: USDA:NASS National Agricultural Statistics Service (NASS)
Percent GE corn & soy data:
1996-1999 data: USDA Agricultural Economic Report No. (AER-810) 67 pp, May 2002
2000-2012 data: USDA:NASS National Agricultural Statistics Service

Intestinal disease, immune disease and GMOs
Could crops that are genetically engineered as pesticide producers be a factor in the explosion of
intestinal and immune disorders in the U.S.?
GE engineering for insect resistant (IR) crops
Sections of the DNA from the bacteria known as Bacillus thuringiensis (Bt) are isolated and inserted
into the plant cells by a process known as genetic transformation. The entire plant is then regenerated
from the transgenic plant cells. There are thousands of different Bt strains that produce proteins toxic
to insect pests. Particular strains are chosen to target specific plant pests. The resulting plant contains
the Bt toxin in its cells. When the plant is eaten by the target insect the toxin binds to receptors in the
insect's gut, causing the gut wall to break down and allowing toxins and normal gut bacteria to enter the
body. As the toxins and bacteria proliferate in the body, the insect dies.
Could it be coincidence that this is the exact description of “Leaky Gut syndrome”?
Leaky Gut syndrome
According to Dr. Andrew Weil, “Leaky gut syndrome is not generally recognized by conventional
physicians, but evidence is accumulating that it is a real condition that affects the lining of the
intestines. The theory is that leaky gut syndrome (also called increased intestinal permeability), is the
result of damage to the intestinal lining, making it less able to protect the internal environment as well
as to filter needed nutrients and other biological substances. As a consequence, some bacteria and their
toxins, incompletely digested proteins and fats, and waste not normally absorbed may "leak" out of the
intestines into the blood stream. This triggers an autoimmune reaction, which can lead to
gastrointestinal problems such as abdominal bloating, excessive gas and cramps, fatigue, food
sensitivities, joint pain, skin rashes, and autoimmunity.”
Can Leaky Gut be caused by the Bt crops?
According to the producers of the Bt insecticide crops, the portion of the Bt DNA that is used does not
survive the digestive process in humans. This may be true for the bare DNA strands, but the Bt
proteins do survive. Aris et al. found these Bt toxins in the blood of pregnant women and their fetuses
which they reported in the journal of Reproductive Toxicology (2011). Even so, say the manufacturers,
there is no cause to worry because the toxins are selective and only bind to receptors in the insect gut.
Humans don't have these receptors.
According to Dr. Arpad Pusztai, who was involved in the pioneering research on the Bt potato, “There
is no [such thing as] absolute selectivity!” Furthermore, he says that the very process of genetic
modification causes unknown and uncontrollable mutations in the plant. There is “no means of
directing the gene transfer ... You are shooting blindfold ... genetic insertion causes mutations ... You
can't say where it [the genetic bit] landed ... you don't know how things were reshuffled.” The plant's
own genes are affected and we don't really know how. Pusztai calls this, “insertional mutagenesis,”
mutation of an organism caused by the insertion of DNA into the organism's preexisting DNA.
Pusztai did an experiment with rats where he fed one group a food mixture that contained the Bt toxin
alone and the other group were fed the the same mixture except it contained the Bt potato. The potato
mixture contained 800 times less of the Bt toxin. The rats who were fed the Bt toxin alone were fine,
as advertised. But the rats who were fed the Bt potato were not. They were smaller, their livers were
smaller, but their stomachs and small intestines were larger. The toxin in the potato was different than
the toxin alone. Pusztai published his work (Lancet, 1999) and when his employment contract expired
it was not renewed.

The intestinal lining of livestock in the U.S. is so poor these days that meat processors import sausage
casings from New Zealand. According to Dr. Huber, “When you look at the intestine of those pigs fed
the GMO feed, the lining is deteriorated and the critical microbial balance is drastically changed.”
Intestinal disease and Bt corn
The first Bt corn, cotton and potato were approved by the FDA as food crops in 1995. The corn was
genetically engineered to be resistant to the European Corn Borer (ECB). Since then there have been
numerous approvals for Bt corn, cotton, potato and, in 2010 for soy. In 2002 the FDA approved
another Bt corn variety engineered as an insecticide against the corn rootworm. The Bt potato never
really took hold, apparently because the fast-food producers refused to buy it.
The Center for Disease Control (CDC) maintains the National Hospital Discharge Survey. Records
were accessed for discharges with any diagnosis listed for a variety of intestinal ailments from 19902010. Dr. Charles Benbrook of the Washington State University published a report showing that
pesticide use has increased since the advent of GMOs. He obtained data from the USDA and
Monsanto reports to estimate percentages of GE corn and cotton that were planted in Bt varieties.
These data are plotted in the graphs below. The first graph is a plot of hospital discharge diagnoses of
inflammatory bowel disease (IBD -- Crohn's and ulcerative colitis) against the number of acres of Bt
corn planted (ECB-targeted). The diagnoses for IBD begins rising in 1995 and rises and drops along
with the availability of Bt corn with a one year delay (two years around 2007-8). The incidence of IBD
also showed a high peak around 1978. In an analysis similar to this one, Qin showed that it was
strongly correlated with saccharine consumption at that time.

The second graph depicts the number of hospital discharges listing peritonitis diagnoses plotted against
the number of acres of Bt corn planted (ECB). The correlation in time in this graph is not as clear as in
the previous, but they are marching along in the same direction at approximately the same time.
Perforation of part of the gastrointestinal tract is the most common cause of peritonitis.

The third graph shows the the number of diagnoses for chronic constipation plotted against Bt corn
planted (ECB and rootworm targeted). Chronic constipation jumped 90% from 2009 to 2010.

The fourth graph is a plot of hospital diagnoses of functional bowel disorder (chronic constipation,
irritable bowel and undetermined) against the number of acres of all Bt corn. This graph also seems to
track well.

The fifth graph shows the number of deaths due to intestinal infections plotted against the number of
acres of all Bt corn planted.

Leaky gut and immune response
If toxins and bacteria are leaking into the abdominal cavity, the body will respond as if it is under
attack. In addition, according to Dr. Pusztai, “The body will regard any genetically modified substance
coming into the digestive system as foreign [because of its mutated DNA].” The body responds to
foreign substances by triggering an immune response. This can be instant, as in an allergic reaction, or
it can be a slower, cell-mediated response. Food allergies and immune diseases of all kinds are also
soaring. Incidence and prevalence data trends are unavailable because many were rare until recently
(fibromyalgia, celiacs disease). Other immune diseases that are on the rise are: asthma, eczema, lupus,
Addison's disease, Grave's disease, rheumatoid arthritis, multiple sclerosis, psoriasis, and psoriatic
arthritis. The final graph is a plot of the hospital discharge diagnoses of rheumatoid arthritis along
with the number of acres of Bt corn planted. Rheumatoid arthritis is rising slowly, while the number of
Bt crops is rising rapidly, but there is a large increase from 2007 to 2010 of rheumatoid arthritis
diagnoses. Chronic immune disorders take a long time to develop and there are likely other factors.

Acknowledgment: Jon Abrahamson helped with data mining for this article.
Data sources:
Death data: CDC compressed mortality files
Hospital discharge data: CDC; 1991-2001 2006-2010
Bt corn data: Charles Benbrook spreadsheet

Further analyses of glyphosate, GE crops, and disease data
A statistical analysis was performed on all of the data sets for which enough data were available
without gaps. A standard analysis for correlating two sets of data is to calculate Pearson's correlation
coefficients. Scatter plots were generated for the data sets to determine whether or not the Pearson
correlation was appropriate. The Pearson's correlation coefficient, r, is a determination of how closely
correlated the two data sets are. A standard interpretation is as follows:
If r = +.70 or higher Very strong positive relationship
+.40 to +.69 Strong positive relationship
+.30 to +.39 Moderate positive relationship
+.20 to +.29 weak positive relationship
+.01 to +.19 No or negligible relationship
A statistically significant finding is one that is determined (statistically) to be very unlikely to happen
by chance. Statisticians are able to calculate the probability, p (likelihood) that any observed
relationship between two variables could have happened by chance (or random variation). If it is
calculated that there is less than a one in twenty chance (p = .05 or 5%) that the observed relationship
could have happened by chance, the findings are designated as significant. If there is less than a one in
one hundred chance (p = .01 or 1%), they are designated as highly significant.
The Pearson's correlation coefficients and the probabilities for the various incidence and prevalence of
previously reported diseases are summarized in Table I below.
Summary Table I
Disease

Pearson's Coefficients
between disease and
glyphosate applications

Pearson's Coefficients
between disease and
%GE crops

Correlation

Significance

r

p

r

p

Thyroid Cancer
(incidence)

0.9876

≤ 7.85E-009

0.9377

≤ 2.15E-005

Very strong

high

Liver Cancer
(incidence)

0.9578

≤ 5.14E-008

0.9107

≤ 5.40E-005

Very strong

high

Obesity

0.9698

≤ 9.76E-007

0.9843

≤ 1.25E-006

Very strong

high

Diabetes (prevalence)

0.9818

≤ 4.44E-009 0.9693

≤ 2.512E-006 Very strong

high

Diabetes (incidence)

0.9643

≤ 1.42E-008

≤ 1.86E-006

Very strong

high

Autism (prevalence)

0.9886

6.65E-009

Very strong

high

Alzheimer's (deaths)

0.9271

≤ 1.29E-007

0.9511

≤ 5.51E-006

Very strong

high

Parkinson's (deaths)

0.8953

≤ 6.52E-007

0.9676

≤ 2.71E-006

Very strong

high

Dementia (deaths)

0.9908

≤ 6.31E-009

Very strong

high

Intestinal infection

*

*

0.9463

≤ 6.72E-006

Very strong

high

Inflammatory Bowel

*

*

0.9545

≤2.755E-005 Very strong

high

Peritonitis

*

*

0.9550

≤4.69E-006

high

0.9759

Very strong

Summary Table II
r-value range

Correlation w/ glyphosate

Correlation w/%GE crops planted

Number w/ r > 0.98

4

Thyroid, Diabetes (P),
Autism, Dementia

1

Obesity

Number w/
0.96< r < 0.98

2

Obesity,
Diabetes (I),

3

Diabetes (both), Parkinson's

Number w/
0.94< r < 0.96

1

Liver

3

Alzheimer's,
Intestinal. Inflammatory
Bowel

Number w/
2
Parkinson's,
2
0.90< r < 0.94
Alzheimer's
• Data were only compared to Bt corn crops for intestinal diseases.

Liver, Thyroid

Summary Table II shows which diseases have the highest correlation, with ALL of them having a
correlation coefficient greater than 0.90 or 90% with high significance (low probability that the
correlation is random).
If we know that a causal factor exists, that is A causes B, then we would expect a high degree of
correlation between the two data sets for A and B. The inverse is not true, i.e. because there is a high
degree of correlation between A and B it is not necessarily the case that A causes B or vice-versa.
However, we have data for 12 diseases all with a high degree of correlation (and even more that were
not amenable to the statistical analysis) and very high significance. It seems highly unlikely that all of
these can be random coincidence.
Since it is ridiculous to assume that an increase in diabetes causes an increase in glyphosate use, for
example, then let us assume the opposite is true. In several of these graphs there is either a constant
background or a linear increase in incidence or prevalence of a disease before the '90s. When there is a
signal-to-noise problem (the signal is weak due to external noise in the system) it is standard practice in
physics and engineering to characterize the noise and subtract it (if it is additive) from the total
response to extract the signal. In the case of diabetes, we model the incidence as having two
contributors -- one is constant extending over the entire time period, and the other with a much sharper
increase beginning when glyphosate started being widely used on crops. We model the prevalence as
also having two contributions, one having a slowly increasing slope extending over the entire time
period and the other with a much sharper increase. The constant background and the slowly increasing
slope were derived from the pre-1990 trends in the data. These are shown in the figures below for the
incidence and prevalence of diabetes.

The pre-1990 data trends cannot be due to genetically engineered (GE) crops because they were not
commercially available until 1995. The data for glyphosate use on corn, soy and cotton crops were not
available prior to 1990. However, according to Monsanto's website the time-line for glyphosate is as
follows:
1970 Dr. John Franz makes N-(Phosphonomethyl) glycine (glyphosate) for herbicide use.
1974 Original Roundup® brand herbicide commercialized in Malaysia and the UK and registered for
industrial use in the U.S.
1976 Roundup commercialized for agricultural use in the U.S.
Glyphosate is the most commonly used herbicide in urban lawn and gardens and for roadside weed
control. Other commonly used herbicides are 2,4-D and dicamba. Any of these (or some others) may
be contributing factors in the incidence and prevalence of diabetes prior to the '90s.
If we subtract the pre-1990 data trends from the raw data we obtain the following adjusted graphs:

Notice that the Pearson's correlation coefficient changes not at all for subtracting a constant
background and very little for subtracting the linear background (from r = 0.9818 to r = .9836). This is
what these statistical parameters tell us, but the picture is now much more convincing.
If we follow this same procedure with the incidence of liver and thyroid cancers and deaths due to
Parkinson's disease, we obtain similar results as shown below. The liver cancer has a slightly
increasing slope prior to 1985 and the thyroid cancer has a constant pre-1990 trend. The deaths due to
Parkinson's disease has a more sharply increasing slope prior to 1990. The graphs for the remaining
diseases did not have a significant background prior to 1990.

Table III shows the change in Pearson's correlation coefficient between the raw data and the adjusted
data between the disease and glyphosate applications. Table IV is a summary of the change in
Pearson's correlation coefficient between the raw data and the adjusted data between the disease and
the percent of GE corn and soy planted. Once again, the numbers do not change very much but the
correlation is much more obvious in the graphs. The greatest change was in the statistical data for
Parkinson's disease, which got worse because the pre-1990 data slope was quite large indicating that
either this method should not be applied here or that glyphosate is not a major factor in this disease.
Summary Table III
Disease

Pearson's Coefficients between
disease and glyphosate
applications-Raw data

Pearson's Coefficients between disease
and glyphosate applications-Adjusted
data

r

p

r

p

Thyroid Cancer
(incidence)

0.9876

≤ 7.85E-009

0.9876

≤ 7.85E-009

Liver Cancer
(incidence)

0.9578

≤ 5.14E-008

0.9556

≤ 9.78E-005

Diabetes (prevalence)

0.9818

≤ 4.44E-009

0.9836

≤ 2.61E-006

Diabetes (incidence)

0.9643

≤ 1.42E-008

0.9643

≤ 1.86E-006

Parkinson's (deaths)

0.8953

≤ 6.52E-007

0.8600

≤ 3.11E-006

Summary Table IV
Disease

Pearson's Coefficients between Pearson's Coefficients between disease
disease and %GE crops-Raw
and %GE crops-Adjusted data
data
r

p

r

p

Thyroid Cancer (incidence) 0.9377

≤ 2.15E-005

0.9377

≤ 2.15E-005

Liver Cancer (incidence)

0.9107

≤ 5.40E-005

0.8916

≤ 9.78E-005

Diabetes (prevalence)

0.9693

≤ 2.512E-006

0.9636

≤ 2.61E-006

Diabetes (incidence)

0.9759

≤ 1.86E-006

0.9759

≤ 1.86E-006

Parkinson's (deaths)

0.9676

≤ 2.71E-006

0.9370

≤ 9.87E-006

Data Sources:
Diabetes incidence data: CDC
Diabetes prevalence data: CDC
ESRD data: U.S. Renal Data System
Blood pressure data: CDC
Obesity data: CDC
Acute Kidney Injury: National Kidney and Urologic Diseases Information Clearinghouse (NKUDIC) a
service of NIH (public domain).
Cancer data: National Cancer Institute-Surveillance Epidemiology and End Results (SEER)

SEER 9 areas (San Francisco, Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, and
Atlanta).
Rates are per 100,000 and are age-adjusted to the 2000 US Std Population (19 age groups - Census
P25-1130).
Alzheimer's & Senile Dementia death data : CDC compressed mortality files
Autism prevalence: CDC:
1975* & 1995* from NAT U R E | VO L 4 7 9 | 3 NOV E M B E R 2 0 1 1
Autism IDEA data: 1992-1998
1999-2010 http://nces.ed.gov/FastFacts/display.asp?id=64
U.S. Dept. of Education, National Center for Education Statistics (2012). Digest of Education
Statistics, 2011 (NCES 2012-001), Chapter 2.
Death data: CDC compressed mortality files
Hospital discharge data: CDC; 1991-2001 2006-2010
Bt corn data: Charles Benbrook spreadsheet
Glyphosate: USDA:NASS National Agricultural Statistics Service (NASS)
Percent GE corn & soy data:
1996-1999 data: USDA Agricultural Economic Report No. (AER-810) 67 pp, May 2002
2000-2012 data: USDA:NASS National Agricultural Statistics Service

GMOs and multiple chronic diseases
A paper published 18 April 2013 in the scientific journal Entropy explains the connection between
glyphosate and gastrointestinal disorders, obesity, diabetes, heart disease, depression, autism,
infertility, cancer and Alzheimer’s disease.
According to the authors, “glyphosate enhances the damaging effects of other food borne chemical
residues and environmental toxins. Negative impact on the body is insidious and manifests slowly over
time as inflammation damages cellular systems throughout the body. Here, we show how interference
with CYP enzymes acts synergistically with disruption of the biosynthesis of aromatic amino acids by
gut bacteria, as well as impairment in serum sulfate transport. Consequences are most of the diseases
and conditions associated with a Western diet, which include gastrointestinal disorders, obesity,
diabetes, heart disease, depression, autism, infertility, cancer and Alzheimer’s disease. We explain the
documented effects of glyphosate and its ability to induce disease, and we show that glyphosate is the
'textbook example' of exogenous semiotic entropy: the disruption of homeostasis by environmental
toxins.”
Genetically Modified Organisms (GMOs) were first introduced into the food supply in the 1995. One
of the primary genetically engineered (GE) traits is resistance to direct herbicide applications. As a
result, there has been a huge increase in the amount of glyphosate applied to cotton, corn, canola, sugar
beet, and soy crops grown in the U.S. corresponding to the rise in the percentage of these GE varieties
planted.
Since GMOs were introduced into the food supply the rate of chronic health conditions among children
in the United States increased from 12.8% in 1994 to 26.6% in 2006, particularly for asthma, obesity,
and behavior and learning problems. The rate of chronic disease in the entire U.S. population has been
dramatically increasing with an estimated 25% of the U.S. population suffering from multiple chronic
diseases.
According to a recent article in the Seattle Times, “Drug overdose deaths rose for the 11th straight year
[in 2010 according to a CDC report] ... Medicines, mostly prescription drugs, were involved in nearly
60 percent of overdose deaths that year, overshadowing deaths from illicit narcotics. ... Among the
medication-related deaths, 17 percent were suicides. The report's data came from death certificates,
which aren't always clear on whether a death was a suicide or a tragic attempt at getting high.”
It seems that people are so miserable, they are knocking themselves off with their painkillers.
The Academy of Environmental Medicine has issued a position statement on GMO food stating,
“...several animal studies indicate serious health risks associated with GM food consumption including
infertility, immune dysregulation, accelerated aging, dysregulation of genes associated with cholesterol
synthesis, insulin regulation, cell signaling, and protein formation, and changes in the liver, kidney,
spleen and gastrointestinal system.
“There is more than a casual association between GM foods and adverse health effects. There is
causation as defined by Hill's Criteria in the areas of strength of association, consistency, specificity,
biological gradient, and biological plausibility. The strength of association and consistency between
GM foods and disease is confirmed in several animal studies.” They further state that “because GM
foods have not been properly tested for human consumption, and because there is ample evidence of
probable harm,” they call on physicians to educate the public and warn their patients to avoid GM
foods.

People are ill and they are not waiting for scientists to tell them that GMOs are making them ill.
Rachel Linden said in an interview on Weekly Women's GMO Free News, “I don't know why science
has replaced common sense. I don't need to check with my doctor to know how I feel when I eat
GMOs and how I feel when I don't eat GMOs. I don't need a scientist to tell me forty years from now
that they were wrong about GMOs. I'm going to decide for myself right now.” Case studies are piling
up of patients who have shown dramatic improvement after taking their doctor's advice and eliminating
GMO food. Wouldn't that be so much easier if they had labels?

Does FDA approval mean that GMOs are safe?
The decisions made by the FDA concerning genetically modified food (GMOs) have been based
on politics and not science. The official FDA policy on GMOs was first written by Michael R.
Taylor who is currently Deputy Commissioner for Foods at the FDA. This position was created
in 2009 and filled by Taylor in 2010. At the time Taylor wrote what has since become the FDA
policy on GMOs, he was working for the law firm King & Spalding. Among his clients were
Monsanto and the International Food Biotechnology Council (IFBC). It was for the IFBC that
he wrote the document that eventually, with some editing, became the official FDA policy. In
1991, Taylor left the law firm for the newly created post of Deputy Commissioner for Policy at
the FDA. This was his second stint at the FDA. Between 1994-1996 he was the Administrator
of the Food Safety & Inspection Service at the USDA. Following that, he accepted the post of
Vice President for Public Policy at Monsanto before taking his current job at the FDA.
A federal law was written in 1958 banning chemical additives in food that are known
carcinogens. In 1988, Taylor wrote a paper arguing that this law can be interpreted to allow
carcinogenic chemicals in food so long as they are present in low amounts presenting minimal
risk. FDA policy states that GMO crops are not even considered additives, but they are
“substantially equivalent” to conventional crops and they need no separate category.
Before new drugs are approved by the FDA they must go through a series of rigorous animal
testing. If adverse effects are not found in the animal tests, they must then proceed to a series
of rigorous clinical trials with human beings. The chemical companies who have developed
the genetically engineered (GE) seeds have made the claim to the FDA that their products do
not qualify as a new drug because they are essentially identical to non-GMO crops and
therefore do not require the same rigorous testing. The EPA agreed and as a result, the FDA’s
GMO policy is that the biotechnology companies can determine if their own foods are safe.
There are no required safety studies. [See excerpts from the FDA Federal Register at the end of this
article.]
A genetically modified plant may or may not require FDA approval (depending on whether or
not the modification can be considered an “additive” as in some yeasts, for example). If it does
require approval, it is up to the producer to perform the tests to insure safety. The tests that
have been performed for FDA approval have all been performed and/or paid for by the
petitioner and those data are not published in journals or subjected to peer review. Most of these
studies were done on rats, none were undertaken for more than 90 days and many were much
less; not nearly long enough for adverse effects to show. There have been no safety studies
done by any federal agencies.
Excerpts from the Statement of Policy - Foods Derived from New Plant Varieties
FDA Federal Register Volume 57 – 1992 Friday, May 29, 1992
“In most cases, the substances expected to become components of food as a result of genetic modification of
a plant will be the same as or substantially similar to substances commonly
found in food,...”
“Finally, the principles discussed in this notice do not apply to "new drugs" as defined by section 201 (p) of

the act (21 U.S.C. 321(p)), "new animal drugs" as defined by section 201(w) of the act (21 U.S.C. 321(w)),
or to "pesticide chemicals" as defined by section 201(q) of the act. As discussed in section IX., EPA is
responsible for pesticide chemicals, including those produced in plants as a result to genetic modification.”
[note “the act” is the Federal Food, Drug, and Cosmetic Act ]
“Any genetic modification technique has the potential to alter the composition of food in a manner relevant
to food safety, although, based on experience, the likelihood of a safety hazard is typically very low. The
following paragraphs describe some potential changes in composition that may require evaluation to assure
food safety.”
“Section 402(a)(1) of the act imposes a legal duty on those who introduce food into the market place,
including food derived from new crop varieties, to ensure that the food satisfies the applicable safety
standard.”
“In enacting the amendment [food additive amendment, 1958], Congress recognized that many substances
intentionally added to food do not require a formal premarket review by FDA to assure their safety,
either because their safety had been established by a long history of use in food or because the nature of the
substance and the information generally available to scientists about the substance are such that the
substance simply does not raise a safety concern worthy of premarket review by FDA. Congress thus adopted
a two-step definition of "food additive." The first step broadly includes any substance the intended use of
which results in its becoming a component of food. The second step, however, excludes from the definition
of food additive substances that are GRAS [generally recognized as safe]. It is on the basis of the GRAS
exception of the "food additive" definition that many ingredients derived from natural sources (such as salt,
pepper, vinegar, vegetable oil, and thousands of spices and natural flavors), as well as a host of chemical
additives (including some sweeteners, preservatives, and artificial flavors), are able to be lawfully
marketed today without having been formally reviewed by FDA and without being the subject of a food
additive regulation. The judgment of Congress was that subjecting every intentional additive to FDA
premarket review was not necessary to protect public health and would impose an insurmountable burden
on FDA and the food industry. It is the responsibility of the producer of a new food to evaluate the
safety of the food and assure that the safety requirement
of section 402(a)(1) of the act is met.”
“With respect to transferred genetic material (nucleic acids), generally FDA does not anticipate that
transferred genetic material would itself be subject to food additive regulation. Nucleic acids are
present in the cells of every living organism, including every plant and animal used for food by humans or
animals, and do not raise a safety concern as a component of food. In regulatory terms, such material is
presumed to be GRAS. Although the guidance provided in section VII. calls for a good understanding of the
identity of the genetic material being transferred through genetic modification techniques, FDA does not
expect that there will be any serious question about the GRAS status of transferred genetic material.”
“Section VII. of this notice provides guidance to producers of new foods for conducting safety evaluations.
This guidance is intended to assist producers in evaluating the safety of the food that they market,
regardless of whether the food requires premarket approval by FDA. This guidance also includes criteria
and analytical steps that producers can follow in determining whether their product is a candidate for
food additive regulation and whether consultation with FDA should be pursued to determine the
regulatory status of the product. Ultimately, it is the food producer who is responsible for assuring
safety.”

From: <bastreit@gmail.com>
Subject: Fw: Orange Grove Glyphosate Issues
Date: April 8, 2016 at 7:17:52 PM HST
To: "kauai committee" <jﬀcomments@gmail.com>,
<phoebeeng@gmail.com>, "jeri Di Pietro"
<ofstone@oal.com>, "jerry carlson"
<jc@profarmer.com>, "Kenneth Hamilton"
<kenneth.hamilton@comcast.net>
Hello JFF commi+ee,
I just received this info and maps. These levels are a likely a
death sentence via cancer or other chronic disease to those
exposed to this water. It will be hard chronic and not acute. You
don’t want this to be Kauai in ten years. This is authenDc. Frank is
head of research for a large biological company in Houston and is
doing ﬁeld trials in FL citrus groves. Bob Streit
From: alchemy
Sent: Friday, April 08, 2016 8:36 PM
To: bastreit
Subject: Re: Orange Grove Glyphosate Issues
Hey guys,
This was USGS data, as I understand it, with water tested from on site irrigaDon
systems.
Susan

Oak Farm
6821
On Apr 8, 2016, at 4:43 PM, <bastreit@gmail.com> wrote:

Let’s see who can shed light on this. I don’t know if anybody can
assemble as the ﬁgures there are so many people manufacturing
and selling glyphosate in the past 12 years.
PS. Buﬀord. Your thoughts or info?

From: alchemy
Sent: Friday, April 08, 2016 9:14 AM
To: bastreit@gmail.com
Cc:
Subject: Re: Orange Grove Glyphosate Issues
I thought / was under the impression that those numbers reﬂected the larger
agricultural milieu, not a speciﬁc grove.
Yes, clariﬁcaDon would be lovely if that's not the case.
Take care,
Susan Oak

Farm

6821

On Apr 7, 2016, at 11:34 PM, <bastreit@gmail.com> wrote:

Everyone,
I believe this issue needs some clariﬁcaDon. If this is the organic
orange grove and person I introduced Frank to, the operator/
owner was denied a permit to dig new irrigaDon wells. His only
available source of water then was wastewater from the nearby
city, which they would let him use. It was their water that was so
contaminated. It also tested high for pharma. Given the weight of
the water per acre inch, the number of inches applied, the
concentraDon, and overall applicaDons the total lbs number could
be very large. Bob
From: alchemy
Sent: Thursday, April 07, 2016 8:37 PM
To: Howard Vlieger
Cc:
Subject: Re: Orange Grove Glyphosate Issues
Yep.
Those are the numbers he provided me when we spoke a few weeks ago.
It's totally insane.
20 - 40 ppb......

Part of me says, tongue ﬁrmly in cheek, that we don't need to worry about that
since it's on someones' safe scale.
And the other part of me shakes my head in dismay..... and we can irrigate
without safety gear - and on top of all sorts of senDnel creatures. Including
humans.
Thanks for sending these numbers.
Sue

Oak Farm
6821

On Apr 7, 2016, at 9:13 PM, Howard Vlieger wrote:

This is from Frank Dean on the glyphosate use in orange groves in
Florida. The irrigaDon water has from 20 ppb – 40ppb in it.
USGS says greater than 3,500,000 pounds per square mile.
There are 640 square acres per mile.
3,500,000 pounds / 640 acres = 5468 pounds per acre in 13 years.
(2000-2012)
That equals 420 pounds per acre per year.
If you need to know how they got to this point let me know.

HOWARD VLIEGER
4947 US 75 Avenue
MAURICE, IOWA 51036
712-567-4151 OFFICE
712-441-3911 CELL
studentoohesoil@gmail.com
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A brief career overview
Dr. Don M. Huber has a long, varied and highly
productive career focused on plant physiology, microbiology and pathology.
Don grew up on crop and dairy farms in Arizona and
Idaho. His training from both University of Idaho (B.S.
and M.S.) and Michigan State University (PhD, 1963),
was augmented by U.S. Army military service in sensitive areas such as global epidemiology, national production capabilities and national security.
A family man, he takes the education of his children
and grandchildren seriously, serving twelve years on
local school boards. At the request of the Indiana
Governor, he served on the Indiana Education
Employment Relations Board seven years as mediator
and fact-finder for conciliation of collective bargaining
disputes.
Huber began his 50-year academic career with eight
years of service as a cereal pathologist at the University
of Idaho. He taught, researched and published at Purdue
for thirty-five years. His field: soil-borne disease control, physiology of disease, and microbial ecology — a
perfect fit which reinforced his unique military work.
He is now Professor Emeritus of Purdue University.
Professor Huber received his commission as an
army officer in the active Reserve in 1957 after four
years in the National Guard. Early in his military career
he researched with a select group of scientists to study

the impact of nuclear war with specific effects of fallout
on agriculture and procedures for recovery from such an
event.
From 1963 to 1971 he was assigned to the U.S. Army
Edgewood Proving Ground and Ft. Detrick Biological
Laboratories in Maryland for research in chemical and
biological warfare. He became Operations Officer (S-3)
in a USAR Medical Group before moving to Medical
Intelligence (business) Department Of Defense.
In 1973 he took command of a specialized Strategic
Medical Intelligence Detachment (MIDS) assigned to
The Office of the Surgeon General and U.S. Army
Medical Intelligence and Information Agency, assisting
in formation of the Armed Forces Medical Intelligence
Center (now NCMI). He carried out these duties while
serving as a professor at Purdue.
Though technically in the Army Reserve, Dr. Huber,
whose expertise was in the Soviet Union’s biological
warfare program, was part of elite nine and ten-person
teams of specialized world scientists. In this capacity he
commanded MIDS for eight years. Most of these scientists including Dr. Huber worked overtime without pay.
He moved from command of MIDS to Senior
Medical Intelligence Analyst and then as Associate
Director of the Armed Forces Medical Intelligence
Center. Retiring from military service after more than
41 years, he continues work with our intelligence community, where he actively participates in oversight security of biological weapons programs and threat pathogen
concerns.
Dr. Huber continues work as a consultant on biological weapons of mass destruction issues and emerging
diseases, teaches courses on anti-crop bioterrorism. He
also consults with U.S. agencies on bioterrorism and
biological warfare. He currently serves without pay as
the American Phytopathological Society’s Coordinator
for the USDA National Plant Disease Recovery System
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program and is an active member of the Threat
Pathogens Committee.
Dr. Huber participated in the Western Soilborne
Disease research group from
1957-1959 and 1963-1971 while
at the University of Idaho. This
group included pathologists from
15 states researching soilborne
diseases of agricultural crops
(CA, AZ, TX, HI, AK, NV, NM,
CO, UT, ID, OR, WA, ID, MT,
WY). These scientists met annually to review research results.
He
represented
Purdue
University from 1972-2004 on Dr. Huber, mid-career
the Southern Regional Research
Technical Advisory Committee on Soilborne Pathogens,
covering TX, LA, AR, MS, AL, GA, SC, KY, TN, OK,
MD, NC, and VA.
Professor Huber worked with Purdue University on
the North Central Regional Research Technical
Advisory Committee covering IN, OH, MI, MN, WI,
ND, SD, IA, IL, NE and KS from 1990 to 2004. These
working groups studied biological disease control for
cotton, corn, soybeans, wheat, vegetables, and trees.
They convened annually to report findings, coordinate
research programs and establish protocols for joint
research projects.
Don interacted with Dr. Luther Bird (TAMU), a
cotton pathologist who developed multiple adversity
resistant (MAR) lines of cotton used throughout the
industry. Much of this resistance was based upon the
cotton plant’s micronutrient efficiency and physiology
— a science which dovetailed with Dr. Huber’s experience. For five years, Don grew cotton in Indiana at
Purdue to evaluate disease interactions as an integral
part of the Southern Regional Research Program.
This discipline was integrated into his overall
research on the physiology, ecology, and control of diseases of wheat, corn, and soybeans, providing a revealing background for understanding the physiology of
plants which are sprayed with glyphosate.
During this 30-year period, Don was hosted various
times in Texas by Dr. Bird; in the 1980’s he was an invited participant in the intensive Texas A&M
Phymatotrichum Research review. In this project, he visited the cotton growing areas of Texas. The formal writeup of this review was published by TAMU.
Dr. Huber is an internationally recognized expert
on nutrient-disease interactions and has had cooperative research in Argentina, Australia, Brazil, Chile,
China, Costa Rica, Denmark, Germany, Mexico, Russia,
Taiwan, and Tunesia.

Professor Huber became interested in glyphosate
because of the commonly observed increase in the takeall disease of wheat following application of glyphosate
burn-down herbicide. In the early 1980’s, he had established a close correlation of all of the known conditions
affecting take-all with an availability of manganese to
the plant and its physiological effect on resistance to this
pathogen. This research was presented at the
International Congress of Plant Pathology in Australia.
Another speaker, Dr. Robin Graham, presented identical
research on the importance of manganese in disease
development.
Subsequently, U.K.’s Dr. David Hornby reported
increased take-all of wheat in England after the application of glyphosate. This information related closely with
Huber’s and Graham’s documentation of the linkage
with reduced manganese. Results from different labs
around the world also show consistent increase in diseases linked to glyphosate and the correlation with manganese and other nutrient deficiencies.
These published glyphosate studies were completed
four to five years after glyphosate introduction. This was
long before RR crops showed interaction and connection
between glyphosate and diseases. The program Huber
outlined appeared in articles as early as 1984.
One conclusion of the report: The herbicidal mode
of action of glyphosate is through pathogenic action, not
a direct phytotoxic effect on the plant.
Glyphosate stimulates hormonal systems in the plant
to act as metal chelators which “take out” (immobilize)
Mn, Fe, Co, Cu, B, Zn and other trace minerals.
The plant’s defense system is effectively shut down
and/or damaged, enabling soil-borne pathogens to kill or
severely damage the plant.
Therefore, glyphosate is an essential predisposing
factor, but it does not actually kill the weeds. If the
pathogens are not present (in sterile soil), plants are temporarily stunted by glyphosate, but do not die. This
mechanism of glyphosate herbicidal action has been
known and published since 1984 but is rarely cited.
Glyphosate also is an effective bactericide in the soil,
and has recently been patented as a bactericide. By drastically reducing beneficial bacteria populations in the
soil, fungal pathogens in the soil multiply with far less
competition.
International colleagues from fifteen nations show
their esteem for Dr. Huber by cooperative publishing
many groundbreaking papers and articles.
Dr. Huber has led innovative research on the form of
nitrogen, inhibition of nitrification, peptidase profiling
for rapid microbial identification, microbial interactions
and mechanisms in biological control.
He pioneered research showing the role of micronutrients — especially manganese — in disease prevenDr. Don M. Huber biographical information Page 2

tion. He led studies showing the nitrogen kernel sink as
a yield determinant in corn, oxidative interactions in
pathogen virulence, and high energy x-ray analysis of
pathogenesis. These fundamental findings have stimulated many other researchers and led to improved disease control, improved nutritional efficiency, and higher
nutritional quality in crops.

Don’s family background
(As related by Don himself)

I was born March 19, 1935 in Mesa, Arizona to
goodly parents who taught me responsibility and the
value of work on a small irrigated citrus, poultry and
dairy farm.
The family expanded their dairy operations with a
farm at Chandler, AZ when my father returned from
World War II in 1946 and then purchased a dairy farm at
Meridian, Idaho in 1950. I graduated from Meridian
High School in 1953.
I joined the Idaho National Guard as a private shortly
after my 17th birthday, as did almost all (if not all) of the
male members in my senior high school class. This was
just one of the expectations and things you did as a citizen. I was assigned to a heavy equipment maintenance
platoon and the machine shop for an aviation engineers
company.
I worked my way through college at a sawmill, construction, shoveling coal, washing pots and pans, janitorial, and various other jobs. I was commissioned an officer through the ROTC program at the University of
Idaho.
After receiving my Masters of Science degree at the
University of Idaho, I married Paula Elese Towery
February 19, 1959. This was shortly before reporting to
Fort Bliss, Texas for active duty with the Army as a First
Lieutenant in the Air Defense Artillery.
We have been blessed with eleven children (eight
young women and three young men).
As of 2011, we have been blessed with 39 grandchildren and one great-grandchild. All of our children have
gone to college.
In order of birth, their professional training includes:
attorney, accountant/computer software specialist,
mechanical engineering (PhD), performing arts (vocal),
recreation therapy, accounting/management, elementary
education, biology teaching, hospitality management,
and architecture.
My wife Paula has college training in Home
Economics and Child Development, and is a certified
Parenting Skills instructor. Our family is active in The
Church of Jesus Christ of Latter-Day Saints where I
have had the opportunity to serve as a Stake Financial
Clerk, Counselor in a Bishopric, Branch President,
Stake Mission President, member of the Stake High

Council, and Home Teacher.
Selection of a school was our first priority in moving
to Indiana and Purdue University in 1971. While living
in Indiana, we were very grateful for the many teachers
and excellent education our children had in the
Tippecanoe School Corporation (TSC).
I served on the School Board of the TSC, which provided an opportunity to serve the community, and to
partially repay the many blessings our family has
received because of the commitment to education and
sacrifice of so many taxpayers and patrons.

Curriculum vitae by date
Advanced education:
1957: Bachelor of Science, Vocational Education,
University of Idaho
1959: Master of Science, Plant Pathology, University
of Idaho, Moscow, ID
1963: Doctorate of Philosophy, Plant Pathology,
Michigan State University. Graduate, Surface to Air
Missile School, Fort Bliss, TX
1971: Graduate, National Security Management,
Industrial College of the Armed Forces, National
Defense University, Fort McNair, VA, and AMED, Ft.
Sam Houston, TX. Graduate, U.S. Army Command and
General Staff College
Academic Appointments:
1963-67: Assistant Professor of Plant Pathology,
Dept. of Plant Science, University of Idaho, Moscow, ID
1967-71: Associate Professor of Plant Pathology,
Dept. of Plant Science, University of Idaho, Moscow, ID
1971-81: Associate Professor of Plant Pathology,
Dept. of Botany and Plant Pathology, Purdue University,
West Lafayette, IN
1981-2006: Professor of Plant Pathology, Dept. of
Botany and Plant Pathology, Purdue University
University Service roles:
Chairman and Member, Purdue Staff Benefits and
Compensation Committee
Chairman and Member, Purdue Collective
Bargaining Advisory Committee
Member, Purdue Military Affairs Committee
Chairman and Member, Departmental Facilities
Committee
Research Emphasis:
Ecology, epidemiology, physiology and control of
soilborne diseases; host-pathogen interactions; rapid
microbial identification; mechanisms of virulence;
nutrient-disease interactions; integrated pest management, waste resource utilization; inhibition of nitrification; herbicide-nutrient disease interactions; international plant pathology
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Government Positions:
1953-57: Idaho National Guard, Aviation Engineers
Company, Boise, ID
1957-58: Scientist, 5030th USAR Research and
Development Unit, Pullman, WA
1959: Operations Officer, U.S. Army Training Center,
Fort Bliss, TX
1960-63: Battery Commander, Ammunition Trains
Officer
1960-63: Battalion Logistical Officer (S-4), 8-inch
Howitzer Battalion
1964-71: Microbiologist, U.S. Army Material
Command, Biological Laboratories, Fort Detrick,
MD
1965-75: Mobilization designation assignment, U.S.
Army Materiel Command, Biological Laboratories,
ft. Detrick, MD and Edgewood, MD
1968-70: Legislative Committee, Idaho State Trustees
Association
1968-71: Member and Vice-Chairman, School Trustee,
School Board, Moscow, ID
1969-70: Legislative Task Force, Idaho State Dept. of
Education, Taxation and School Finance
1971-72: Operations Officer (G-3), USAR Hospital
Group, Indianapolis, IN
1972-75: Biochemist, U.S. Army Material Command,
Medical Research Laboratories, Edgewood, MD
1973-87: Tippecanoe School Corporation, Parent
Advisory, Financial Resources, Curriculum Review,
and Goals Committees; PTO President
1974-80: Mediator/Fact-finder and member of
Conciliation Panel, Indiana Education Employment
Relations Board (IEERB)
1975-83: Commander, Military Intelligence (Medical)
Detachment (Strategic), U.S. Army Medical
Intelligence and Information Agency, Washington,
DC
1978-83: Participant, National Pest Evaluation and
Information Program (American Phytopathological
Society and USDA cooperating)
1978: Section Leader and Discussant, National Security
Management Symposium, ICAF and Army War
College, Pensacola, FL
1978-79: Member, Advisory Board; Office of
Technology Assessment; Congress of the United
States; and Chairman, Regional Work Group, Corn
Belt, Pest Management; Office of Technology
Assessment, Congress of the United States
1980: Participant, IPM Study, Council on
Environmental Quality, Washington, DC
1982-88: Member: Global Epidemiology Working
Group, Armed Forces Medical Intelligence Center
1983-86: Senior Medical Analyst, Armed Forces
Medical Intelligence Center, Frederick, MD
1984-92: Consultant, Worldwide Plant Pathogen

DataBase Program, USDA-ARS, Frederick, MD
1984-94: Consultant, U.S. Government: Foreign Disease
Research and Priorities
1986-88: Associate Director, Armed Forces Medical
Intelligence Center, Dept. of Defense
1995: Retired, Army United States (AUS) Colonel (41
plus years of Active, NG, and USAR service)
1990-2000: Indiana Animal Waste Advisory Committee,
Indiana Dept. of Environmental Management
1990
current:
Threat
Pathogens
and
Emerging/Reemerging Diseases Committee
1992- current: Trustee, Tippecanoe School Corporation
(School Board)
1993- current: Indiana School Board Association,
Delegate Assembly, Awards and Legislative
Committees
2008-2011: APS Coordinator, USDA National Plant
Disease Recovery System (NPDRS)
Background on Dr. Huber’s military experience
After four years in the National Guard, Don became a
commissioned Army officer in 1957. He was assigned to
a special group of scientists to study the potential impact
of nuclear war on agriculture.
In 1963, he was assigned to the US. Army Edgewood
Proving Ground and Ft. Detrick, MD, biological laboratories for research in chemical and biological warfare.
In 1971, he became Operations Officer (S-3) in a
USAR Medical Group for two years, then in 1973 took
command of a specialized Strategic Medical
Intelligence Detachment (MIDS) assigned to the Office
of the Surgeon General and the U.S. Army Medical
Intelligence and Information Agency.
His role: Help create a new Armed Forces Medical
Intelligence Center, now known as NCMI. During this
tour of Army Reserve duty, Don was also fulltime professor at Purdue University. He was Commander of the
MIDS for eight years, focusing on the biological warfare
system which the USSR had in operation.
He moved from command of MIDS to Senior
Medical Intelligence Analyst; then became Associate
Director of the Armed Forces Medical Intelligence
Center.
Don has continued active involvement with the U.S.
military intelligence community since retiring from
more than 41 years of active and reserve Army service.
He consults with military specialists on WMD issues
and emerging diseases, teaches courses on anti-crop
bioterrorism, and consults with U.S. agencies on biological warfare. He currently serves without pay as the APS
coordinator for the USDA National Plant Disease
Recovery System program and is an active member of
the Threat Pathogens Committee.
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Industrial and Business Positions and Experience
Research Consultant:
1975-89: Research Consultant, Dow Chemical U.S.A.
1976-83: Research Consultant, Olin Chemical Company
1978-80: Research Consultant, Food Machinery
Corporation
1979 - Current: Owner, DecaH Manufacturing
1984-86: Research Consultant, American Cyanamid
Corporation
1987-90: Research Consultant, C.I.L., Inc.
1989-01: Research Consultant, DowElanco Co.; Dow
AgroScience
1993-03: Lafayette Chamber of Commerce “Third
House”
1998-02: Research Consultant, Battelle Memorial
Institute
2000 - Consultant Mitretech, Noblis
2001-06: Consultant Sabre
2008-10: Research Consultant, J.R. Simplot Company
2011 - Owner, NutriAct LLC
Regional Research Advisory Committees:
Southern Regional Technical Advisory Committee S-90,
Soilborne Diseases
Southern Regional Technical Advisory Committee S241, Rhizosphere and Plant Health
Southern Regional Research Technical Advisory
Committee S-269/S-302, Rhizosphere Dynamics and
Biological Control
Southern Regional Technical Advisory Committee S244, Animal Waste Management
Northcentral Regional Research Technical Advisory
Committee NC-125, Biological Control
Licenses, Registrations and Certifications:
Secondary School Teaching Certificate
Certification, Fluorescence Analyst
Certificate, Strike Mediation Training
Certificate, IBI Recombinant DNA Workshop
Citations in Biographical Works:
American Men and Women of Science
American Men and Women of Science, Physical and
Biological Sciences
Book of Honor, American Biographical Institute
Community Leaders and Noteworthy Americans
Dictionary of international Biography
Directory of Environmental Scientists in Agriculture,
CAST
Guide to Specialists on Toxic Substances, CIEI, UN
Environment Program
Personalities of the West and Midwest
Who’s Who in Frontier Science and Technology
Who’s Who in Leading American Executives
Who’s Who in the West
Who’s Who in the Midwest

Who’s Who Among Outstanding Americans
Who’s Who in America
Who’s Who in the World
Who’s Who in the 20th Century
Awards and Honors:
1965: Idaho-Eastern Oregon Seed Association
Outstanding Research Award
1979: “Letter of Commendation,” Office of the Surgeon
General, DOD, Washington, DC
1980: Dow Chemical, Pioneering Research Leadership
Award
1987: The Joint Service Achievement medal, U.S. Dept.
of Defense
1987: Vice President, Northcentral Division, American
Phytopathological Society
1988: Defense Meritorious Service Medal, U.S. Dept. of
Defense
1988: President, Northcentral Division, American
Phytopathological Society
1989: The Meritorious Service Medal of the United
States, U.S. Dept. of Defense
1993: Purdue Univ. Coop. Ext. Specialists Team Award
(PUCESA)
1993: CAP Award, Indiana School Boards Association
1994: CAP-2 Award, Indiana School Boards Association
1995: CAP-3 Award, Indiana School Boards Association
1995: Retired, Colonel, Army of the United States
1996: Master Boardsman Award, Indiana School Boards
Association
1996: Emeritus Member, American Phytopathological
Society
1997: Honorary Professor, Ningxia Academy of
Agricultural and Forestry Sciences, Ningxia, Peoples
Republic of China
2000: Purdue University, Team Research Award (small
grains improvement)
2006: Purdue University, Emeritus Professor of Plant
Pathology Memberships and participation in academic, professional, and scholarly societies
Memberships in Academic, Professional, and
Scholarly Societies (past or present):
Alpha Zeta
American Phytopathological Society
New Projects Committee, Utilization of Plant
Pathologists in the Armed Forces
Soil Microbiology and Root Disease Committee,
Biological Control Committee
Integrated Pest Management Committee, Office of
International Programs, DiversityCommittee
Steering Committee, Eastern Research Workers
Conference on Root-Infecting Fungi
Crop Science Society of America
Steering Committee, Eastern Research Workers
Conference on Root-infecting Fungi
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Society of Sigma Xi
Northcentral Division, American Phytopathological
Society Vice-President, then President
Indiana Academy of Science
International Society of Plant Pathologists (ISPP)
Society of Professionals in Dispute Resolution
(SPIDR)
Western Society of Soil Science
Reviewer for Phytopathology, Plant Disease, Crop
Science, J. Applied Agriculture, USDA-CSRES NRI
Grants, USDA-SBIR Grants, BARD Grants, Canadian J.
Plant Pathology, and other professional journals.
Cooperation and International Activities:
International cooperative research with scientists in
Argentina, Australia, Brazil, Canada, China, Chile,
Costa Rica, Denmark, Germany, Mexico, Russia,
Taiwan, Tunesia, Turkey and U.K.
International cooperation with Dr. Robin Graham,
University of Adelaide and Waite Institute, Adelaide,
SA, Australia (take-all and Rhizoctonia diseases of
wheat)
Dr. Percy Wong, NSW, Dept. of Agriculture, New South
Wales, Australia (biological control)
Dr. Ivan Ortiz-Monasterio, CIMMYT, Mexico (improving nutrient efficiency in irrigated wheat)
Dr. C-Y Tsai, Head, Dept. of Botany, National Taiwan
University, Taipei (nitrogen physiology and nutrient
interactions)
Dr. Jose Magalhaes, EMBRAPA, Brasilia, Brazil (nutrient metabolism in agricultural crops)
Mr. Peng Yufa, Chinese Academy of Agricultural
Science (biological and cultural disease control),
Beijing, P.R.C.
Mr. Shen Ruiqing, Ningxia Academy of Agricultural
and forestry Sciences, Yinchuan, Ningxia P.R.C. (disease management)
Mrs. Sheng Xiulan, Gansu Academy of Agricultural and
Forestry Sciences, Lanzhou, Gansu, P.R.C.
(Soilborne diseases)
Drs. Subaru Saiga and S. Kawai, Iwate University,
Morioka, Japan (nutrient management)
Dr. Claudia Heppner, Belgium (Gaeumannomyces)
Cooperative Research with Scientists
Southern Regional Research Project S-269 (biological
control and management of soilborne plant
pathogens)
North Central Regional Research Project NC-125 (biological control of soilborne diseases)
Dr. Larry Moore, Oregon State University, Corvallis,
OR (Crown gall and mycorrhizae)
Dr. Fred Lytle, Department of Chemistry, Purdue
University (Laser fluorometry for rapid detection and
identification of microorganisms)
Dr. Alan Sutton, Animal Science Department, Purdue

Current Reviews for Academic Libraries (CHOICE)
awarded this book, Mineral Nutrition and Plant Disease,
its “Outstanding Academic Title” for 2008. CHOICE said
“Outstanding Academic Titles are truly the ‘best of the
best.’ Only a select group of publishers and authors are
represented in such a list.” Editors are Lawrence E.
Datnoff, Wade H. Elmer and Don M. Huber.

University (manure management)
Dr. Don Jones, Department of Agricultural Engineering,
Purdue University (manure management)
Dr. Scott Abney, USDA-ARS Plant Pathologist, Purdue
University (soilborne diseases of soybean and biological control)
Dr. Michael Hickman, USDA-ARS Weed Scientist,
Purdue University (nutrient management)
Dr. James Allemon, Department of Civil Engineering,
Purdue University (nitrogen management)
Dr. Herbert Ohm, Department of Agronomy, Purdue
University (improved wheat disease control and production)
Invited International Lectures Presented In:
Australia, Brazil, Canada, China, Costa Rica, Denmark,
Germany, Japan, Mexico, Taiwan
Publications:
As of 2011, Dr. Huber has authored or co-authored
115 journal articles, 35 Experiment Station Bulletins,
102 research abstracts, 51 book chapters and review articles, three books, and 84 special publications.
(See a comprehensive list below.)
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Selected scientific publications
Huber, D.M. and T.S. Abney, 1986. Soybean Allelopathy
and Subsequent Cropping. J. Agron. & Crop Sci.
157:73-78.
Huber, D.M., H.L. Warren, and C.Y. Tsai. 1986. Role of
Nutrition in Stalk Rot. Solutions 30:26-30.
Huber, D.M., J.E. Wagner, H.E.L. Nashaar, and L.W.
Moore, 1986. Interactions of a Peat Carrier and
Potential Biological Control Agents. Phytopathology
76:1104-1105.
Tsai, C.Y., D.M. Huber, H.L. Warren and C.L. Tsai, 1986.
Sink Regulation of Source Activity: Regulation by
Nitrogen Utilization. Chapter 18. In: Regulation of
Carbon and Nitrogen Reduction and Utilization in
Maize. pp. 247-259. American Soc. Plant Physiol.,
Rockville, MD.
Sutton, A.L., D.M. Huber, D.D. Jones, D.T. Kelly and D.H.
Bache, 1986. Use of Nitrification Inhibitors and
Ammonia Enrichment with Swine Manure
Applications. Applied Engineering in Agriculture.
2:179-185.
Huber, D.M., T.S. Lee, M.A. Ross, and T.S. Abney, 1987.
Amelioration of Tan Spot of Wheat with
Nitrogen. Plant Disease 71:49-50.
Tsai, C.Y., D.M. Huber, H.L. Warren and L.A. Lyznik,
1987. Corn Physiology and Genetics as they interact
under Nutrient Stress. In: R.D. Munson (ed).

Physiology, Biochemistry and Chemistry Associated
with Maximum Yield Corn. Potash and Phosphate
Institute, Atlanta, GA. pp. 133-153.
Huber, D.M. and N.S. Wilhelm, 1988. The Role of
Manganese in Disease Resistance. pp. 155-173. In:
R.D. Graham, R.J. Hannam and N.C. Uren (eds).
Manganese in Soils and Plants. Kluwer Academic
Publishers; Dordrecht, Boston, London.
Huber, D.M. 1989. The Role of Nutrition in the Take-all
Disease of Wheat and other Small Grains. pp. 46-74.
In: A. Englehard (ed.) Soilborne Plant Pathogens:
Management of Diseases with Macro and
Microelements. APS Press, St. Paul, MN.
Roseman, T.S. and D.M. Huber, 1989. Influence of
Gaeumannomyces graminis var. tritici on Manganese
Oxidizing Bacteria in Wheat Rhizospheres.
Phytopathology 79:1166-1167.
Von Qualen, R.H., T.S. Abney, D.M. Huber, and M.M.
Schreiber, 1989. Effects of Rotation, Tillage and
Fumigation on Premature Dying of Soybeans. Plant
Disease 73:740-744.
Huber, D.M., H. El-Nasshar, L.W. Moore, D.E. Mathre
and J.E. Wagner, 1989. Interaction Between a Peat
Carrier and Bacterial Seed Treatments Evaluated for
Biological Control of the Take-all Disease of Wheat
(Triticum aestivum S.). Biol. Fert. Soils 8:166-171.
Hughes, K.D., F.E. Lytle, T.S. Roseman and D.M. Huber,
1989. Differentiation of Genetically Engineered
Bacteria with Laser Based Aminopeptidase Profiling.
Pittsburgh Conference of
Analytical Chemistry

Dr. Don Huber delivers
dozens of presentations
each year in the U.S. and
worldwide. Most of them
explain the connection
between crop health and
good plant nutrition, — with
special focus on the need
to deal with rising problems
linked to intensive use of
glyphosate and genetically
modified crops.
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and Applied Spectroscopy, Atlanta, GA, March 6-10.
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Huber, D.M. 1990. Fertilizers and Soilborne Diseases.
Soil Use and Management. 6:168-173.
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1990. Use of Nitrification Inhibitors with Summer
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Amendments in the Control of Plant Disease. p p .
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FL.
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Roseman, 1991. Crown Rot, a Serious Disease of
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Magalhaes, J.R. and D.M. Huber, 1991. Response of
Ammonium Assimilation Enzymes to Nitrogen Form
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Magalhaes, J.R. and D.M. Huber, 1991. Free Ammonia,
Free Amino Acids, and Enzyme Activity in Maize
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Nutrition 14:883-895.
Roseman, T.S., R.D. Graham, H.J. Arnott and D.M.
Huber, 1991. The Interaction of Temperature with
Virulence and Manganese Oxidizing Potential in the
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Phytopathology 81:1215.
Tsai, C.L., D.M. Huber, H.L. Warren and C.Y. Tsai, 1991.
Effects of Cross-Pollination on Dry Matter
Accumulation, Nutrient Partitioning and Grain Yield of
Maize Hybrids Grown under Different Levels of N
Fertility. J. Sci. Food Agric. 57:163-174.
Tsai, C.Y., D.M. Huber, H.L. Warren and A. Lyznik, 1991.
Nitrogen Uptake and Redistribution During
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57:175-187.
Royer, M.H., W.M. Dowler D.M. and Huber, (eds.), 1991.
Major Diseases of the Tropics and Subtropics:
Bananas, Cacao, Cassava. USDA-ARS Foreign
Disease and Weed Science Laboratories, Frederick,
MD.

Huber, D.M. and R.D. Graham, 1992. Techniques for
Studying Nutrient-Disease Interactions. pp. 204-214.
In: C.M. Rush and L.L. Singleton (eds) Methods for
Research on Soilborne Phytopathogenic Fungi. APS
Press, St. Paul, MN.
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Conditions
Associated
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Phytopathology 82:1114.
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Evidence of Increased 15N-Ammonium Assimilation
in Tomato Plants with Exogenous a-ketoglutarate.
Plant Sci. 85:135-141.
Tsai, C.Y., I. Dweikat, D.M. Huber and H.L. Warren,
1992. Interrelationship of Nitrogen with Maize (zea
mays) Grain Yield, Nitrogen use Efficiency and Grain
Quality. J. Sci. Food Agric. 58:1-8.
Day, K.M., W.P. Lorton, G.C. Buechley, G.E. Shaner,
D.M. Huber and D.H. Scott, 1993. Performance of
Public and Private Small Grains in Indiana, 1992.
Purdue Agric. Expt. Sta. Bull. 668.
Huber, D.M. and T.S. McCay-Buis, 1993. A Multiple
Component Analysis of the Take-all Disease of
Cereals. Plant Disease 77:437-447.
Huber, D.M., A.L. Sutton, D.D. Jones and B.C. Joern,
1993. Nutrient Management of Manure to Enhance
Crop Production and Protect the Environment. pp. 3945. In: J.K. Mitchell (ed). Integrated Resource
Management and Landscape Modifications for
Environmental Protection. American Soc. Agric.
Engineering, St. Joseph, MI.
Huber, D.M., T.S. McCay-Buis, K.J. Miller, F.E. Lytle, J.P.
Robinson and B.C. Hemming, 1993. Automation of
Aminopeptidase Profiles in 96-well plates.
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An in situ Technique for Studying Mineral Interactions
and Biological Control of Take-all. 6th Inter. Cong.
Plant Pathol., Montreal, Canada, August, 1993:177.
Schulze, D.G., T.S. McCay, S.R. Sutton and D.M. Huber,
1993. Micro-ZANES Spectroscopy of Mn-oxide
Precipitates Around Wheat Roots Infected with the
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Sutton, A.L., D.D. Jones, D.M. Huber and B.C. Joern,
1993. Integrated
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Manure
Nutrient
Management. pp. 29-38. In: Integrated Resource
Management and Landscape Modifications for
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Huber, D.M. 1994. The Influence of Mineral Nutrition on
Vegetable Diseases. Horticultura Brasileira, 12:206214.
Stromberger, J.A., C.Y. Tsai and D.M. Huber, 1994.
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Interactions of Potassium with Nitrogen and their
Influence on Growth and Yield Potential in Maize. J.
Plant Nutr. 17:19-37.
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A long and illustrious career
Here is a special tribute from a leading ag consulting firm, Ag Spectrum, which inducted Dr. Huber into the
Ag Spectrum Hall of Fame in 2007. These excerpts are from an article published by Ag Spectrum in 2009.

O

ne early ag researcher with whom Ag Spectrum
collaborated was Dr. Don M. Huber, a plant
pathologist at Purdue University.
The relationship endured over many years, and
Huber’s research contributions, as well as his valued
speaking appearances at Ag Spectrum grower meetings,
led to his induction into the company’s Hall of Fame in
2007. Ag Spectrum Technical Director Cliff Ramsier has
said, “Don is probably the smartest man I have ever
known.”
Ramsier adds, “Don has a passion for finding
answers to complicated puzzles. He has the gifts, training and right set of filters through which he sees the
world to arrive at proper conclusions His works will be
put into practice on the farm for many years to come.”
Needing to work his way through college, Huber took a
part-time job as caretakeer for the Plant Pathology
greenhouse. The department head asked him to assist
with a graduate-level research project, asking, “Why
does crop rotation influence crop disease?”
“I’ve spent over 50 years trying to answer that question,” says Huber. “When you change one thing, you
change many components.”
The driving force behind Huber’s work is his passion
for knowledge. His mind never rests as he seeks solutions to crop disease challenges.
Huber discovered how specific crops cause changes

in soil microflora. He has shown how sidedressing
affects micronutrients such as manganese and iron, and
which diseases are influenced by which micronutrients.
“Mineral nutrition plays an important role in plant
defense mechanisms,” says Ramsier. “Most plant
pathology literature cites works by Don related to this
issue.”
Huber has been on the ground floor of developing
new tools to measure nutrient availability and biological
function related to pathology.
Most recently, Huber’s findings regarding
glyphosate’s influence on disease susceptibility in crops
have been especially important to agricultural producers.
Huber has been at the forefront of research on
glyphosate’s residual effects on wheat, corn, cotton, soybeans, potatoes, citrus and dozens of other crops.
Huber explains, “Glyphosate is the reason we are seeing a reemergence of diseases we thought we had controlled.”
Huber has never been afraid to question accepted
beliefs if he thought science proved otherwise.
“I was blacklisted by my own society my first year
out of grad school because I challenged two major
pathologists in the country,” says Huber.
Ten years later, Huber was asked to write a review
paper that summarized a decade’s worth of information
which had been stimulated by his initial hypothesis!

From: Gabriela Taylor <gabrielataylor40@gmail.com>
Subject: Comments on JFFG Report
Date: April 8, 2016 at 10:13:53 AM HST
To: jﬀcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exists in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
Thank you for your hard work. Gabriela Taylor
5620 Keapana Rd Kapaa, Hi 96746

Trak Trennoche <trakno9@gmail.com>
Date: April 6
It "appears” that our factory foods and agricultural fields are heavily laden with chemicals of
every kind, color, flavor, preservation, and kill factor, etc.
It also “appears” that when the humans reach an uncertain varying point of chemical saturation /
intoxication that they become apparently ill and go to medical practitioners who give them more
chemicals in the form of petroleum based petro-chemicals via prescription and over the counter
drugs so potent that each medication too often requires another chemical medication to
counteract the ill effects of the preceeding dose of chemicals, which really extends back not only
to the chemical in the food itself but the chemicals in the fields where the food itself is grown.
That this sequelae is not easily seen is perhaps in itself a ruse by those enjoying profits at the
expense of the peoples’ health, quality of life, and life longevity.
Our mis-named “health” care system is a disease care system; managing diseases whose
processes leads to lowered quality of life (suffering) and early death (loss of optimal life
longevity).
The facts are hidden in another ruse of Medical “PRIVACY”, wherein communities do not have
any idea of what is going on in there community when it comes to sickness and disease; whereas
the illnesses of each community needs publication to promote and discover venues of prevention,
of which there are few now.
1.) There are only 65,000 + or - residents on Kauai…
2.) ...in approximately 18 + or - communities on Kauai. (Kekaha to Haena)…
3.) …and there are only a double handful of majority chronic degenerative diseases on Kauai
These statistics need to be frequently published community by community based on the numbers
and % of how many people in a community have the eventual killer diseases or are under disease
treatment.
Continued observance itself may indicate that chemicals are the cause in some factors; and the
food itself may also be disease promoting and life shortening whether or not there are chemical
involved.
Hidden facts serve only to perpetuate the failing medical care system that is based on too much
chemicals.
No one is suffering disease (dis-ease) because they do not have enough medication. Medication
masks disease and symptoms but does not restore actual health.

Prevention of the Causes of Disease is sane. The CAUSES of DISEASE must be addressed.
There are diseases therefore there are causes. The same overall people in charge of our overall
health have had their chance with their Old Ideas that have worn Deep Ruts, like the one we are
in regarding health in America.
Using the same ineffective treatments with lethal side effects is insane.
Finding a cure in Your Lifetime" is a cliche that has spanned too many generations and has
produced little to zero results except for $$$ transfer to wealthy organizations.
The WHO (World Health Organization) states that America is ranked #37 in the world in the
quality of health care provided to its citizens.
Medical Care, OBAMA care, Hospital Care, surgery, prescription medications, and over the
counter drugs ARE NOT HEALTH CARE…they are Disease Care.
Health Care promotes Health.
Health = 100% of our cells, function 100%, 100% of the time…Naturally.
Science knows that the primary engine behind that statement is a fully self-functioning nervous
system.
Health is promoted by Sunlight, Clean Water, Clean Air, Rest, and Exercise (S.W.A.R.E.)
Health is best fueled by live naturally grown and chemically free food. Some foods prior thought
to be nutritious under greater scrutiny have now been found to be dangerous for humans.
People deserve to be made aware of these and other available information.
Transparency is not TV and media corporate advertisement.
The TV ads for medications are the product of an insane medical system victimizing hopelessly
lost ignorant-of-health-care medical patients and potential patients.
Mahalo
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Comments on JFF Pesticide Report
Hector Valenzuela, Ph.D.
Department of Plant and Environmental Protection Sciences
University of Hawaii at Manoa
April 7, 2016

Comments for The Joint Fact Finding Study Group Report entitled:
PESTICIDE USE BY LARGE AGRIBUSINESSES ON KAUA’I:
Findings and Recommendations
Index
1.0. Factual Points (With expanded comments
and citations, below on Section 2.0)
2.0 Additional Comments and documentation to
back-up factual statements made in Section 1.0.
3.0. References

pg. 1
pg. 4
pg. 11

1.0. Factual Points (With expanded comments and citations, below on Section 2.0)
1.1. The report needs to clarify in its main text that over the past 15 years, the corn seed
companies have failed to follow Best Management Practices (BMPs), required to meet the
minimum standards for proper farming and land stewardship as established by the Generally
Accepted Agricultural Management Practices (GAAMP, noted on Appendix 2, pg. 149). This
approach to farm management has exacerbated the risk of environmental pollution and human
exposure to pesticides and dust escapes to rural communities in Kauai. See additional
comments on section 2.1.
1.2. The report needs to point out that pesticide use by the corn seed growers is considerably
greater and more intensive than the use of pesticides by commercial corn growers in the
Mainland. Overall pesticide use is > 20x greater in Kauai than on the mainland. With respect to
individual pesticide groups Kauai Seed growers make about 3x more herbicide applications,
over 80x more fungicide and over 200x more insecticide applications than corn growers in the
Continental U.S. See additional comments and calculations below, on Section 2.2.
1.3. The report needs to highlight that because of the unique nature of the corn seed field
research operations, the risk of environmental pollution and of human exposure to pesticides,
runoff and dust particles is considerably greater with the corn seed operations as compared to
the risks observed with ‘normal’ commercial sugarcane, fruit, or truck-farms. See additional
comments below, on section 2.3.
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1.4. The report needs to highlight that the General Use Pesticides (GUPs) used by the corn
seed companies also pose a considerable risk of environmental pollution and of human health
impacts on the community. While the report does mention some adverse effects for Roundup
and 2,4-D, all of the other GUPs are of concern as well. See additional details, on section 2.4.
1.5. While the report does mention bees on several occasions, the report needs to make a
much stronger statement concerning the risk to pollinators from the production practices
followed by the corn seed companies in Kauai. See additional comments below, on section 2.5.
1.6. The report needs to state that, according to the pesticide label it is the responsibility of the
applicator to prevent pesticide drift. It is not only sufficient for the applicator to follow the
guidelines in the label. The applicator needs to be cognizant of current crop and environmental
conditions and make adjustments accordingly. The Weed Science Society of America indicates
that “Applicators are legally responsible for problems that are caused by spray drift, regardless
of what particular factor(s) was the culprit. Be a good steward and do everything necessary to
prevent problems caused by drift.” (WSSA, 2013)
Evidence that pesticide residues have been found in the environment or beyond the boundaries
of the farm, is evidence that the applicator failed to abide by federal and state law, by allowing
pesticides to drift beyond the borders of the farm. A violation of the pesticide label is a direct
violation of federal and state law, in which it is illegal to use a pesticide in a manner inconsistent
with its label. Many pesticide labels explicitly instruct to “not apply this product in a way that will
contact workers or other persons, either directly or through drift” in addition to aquatic and
wetland sites, woodlands, or animals.
1.7. A stronger statement needs to indicate that dust escapes and soil runoff have been a major
source of pollution in corn seed research fields of Kauai. Because of the large and intensive
amount of pesticide and chemical fertilizer applications year-round it is likely that the dust and
runoff served as carriers for chemical contamination, and that it has repeatedly reached nontarget sites, with unknown human health and environmental impacts. See additional comments
on section 2.7.
1.8. The report should state clearly that the corn seed industry is unwilling to disclose critical
information that would be necessary to make an assessment of the environmental and human
health impact of their operations. The report needs to make it clear that the seed industry failed
to disclose in any detail the use of General Use Pesticides (GUPs) in terms of volume, number,
or timing of applications. While the corn seed industry provided two members to participate in
the panel, apparently none of them had training, experience, nor responsibilities for pesticide
use or on design of Pest Management programs in Kauai. Apparently the Industry panel
members, were unwilling to provide detailed descriptions of the pesticide use practices followed
by the corn seed Industry (as described in sections 2.2, 2.3, and 2.5). The unwillingness of the
Industry JFF panel members to be open and to show transparency about their company
operations raises the question of whether there were any ground rules, with respect to basic
ethics and transparency, as requirement for participation in this JFF study panel.
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1.9. The report should make a strong statement about the environmental and human health
concerns with the exposure to pesticide mixtures, combinations or cocktails. While the issue of
pesticide mixtures is mentioned in the draft report (pg. 24), the concern about risks should be
stated more explicitly. Please see Section 2.9 below, for additional comments.
1.10. The report should state clearly that over the past 15 years, with respect to an agricultural
industry that has reportedly contributed over $2 billion dollars to the Hawaii Economy (with the
Industry reporting annual contributions to the local economy of >$180 million)-- and despite the
considerable public controversy about their presence in the state-- not a single refereed
scientific publication has been published with respect to environmental or human health
impacts, from their agricultural operations in the state.
1.11. If the use of RUPs by the corn seed companies represent over 95% of the RUP used by
commercial farms in Kauai, this should be clearly stated in the report. The report mentions
percent of RUPs use by the seed companies, relative to the total use of RUPs in Kauai county.
However, a more pertinent number, is the percent of RUPs used by the Seed industry,
compared to its use by other Commercial Crop operations in the island (i.e. fruits, vegetables
and nurseries).
1.12. The report needs to clarify that the so called “safety” benchmark residue levels that are
reported by government regulatory agencies needs to be treated with caution (draft report p.
44). The established “safety” residue levels or federal standards for chemicals found in food or
environmental settings need to be treated with caution because of the influence that Industry
has on establishing these “safety” limits. This level of bias is observed by comparing the lower
residue levels used in Europe, or their outright ban, with respect to products such as Atrazine,
Acetochlor, and Simazine, all used by the seed corn industry in Kauai, compared to the safety
levels allowed by U.S. regulators (Hakimfeb, 2015). The influence that the chemical industry has
had over the years to water down regulatory efforts, and to influence safety guidelines is well
documented in the literature (for example see, David Michaels. 2008. Doubt is their product.
Oxford). Problems with industry influence and with the regulatory process have even been
documented in Europe (O’Reilley, 2016). In the U.S. the weakness of the regulatory process
with respect to pesticides, and the close ties between industry and the regulatory agencies, is
also well documented (Boone et al., 2014).
1.13. General Comments on Health data. The JFF report does highlight the dearth of data that
exist with respect to health impacts from pesticides in Kauai. In addition to stating that no
refereed or scientific surveys have been published to date, the report should state that to date
the Corn Seed Industry has failed to properly monitor and document the environmental and
health impacts of their activities in Kauai. The report should mention whether Industry has
collected data from their full-time and part-time employees with respect to blood or hair pesticide
residues. If available, this data should be disclosed. If not available, the report should indicate
that the Industry has failed to collect or disclose this type of information.
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If the JFF panel has received more recent health reports from the DOH, these reports should be
mentioned and cited in the final report.
The report should highlight the fact that residents of West Kauai have reported considerable
respiratory problems and issues with asthma. While the report mentions asthma, in passing, as
a known adverse effect from pesticide exposure, the report needs to make a stronger statement
about the need for the DOH to further investigate this issue on Kauai. Sanford et al. (2015)
provide considerable documentation with respect to respiratory problems and pesticide
exposure.
1.14. The JFF report failed to cite one of the most significant reviews that have evaluated the
health effects observed in rural communities from exposure to pesticides that are used to grown
GM crops in commercial agricultural settings (Lopez et al., 2013). The article reviews
epidemiological, environmental and animal studies, documenting adverse effects that have
been observed in Latin America, over the previous 15 years, in communities that are located in
close proximity to GM crop commercial operations (Lopez et al., 2013). A 'user-friendly'
summary of this technical review was prepared (Valenzuela 2013b), by itemizing the several
health disorders that were documented in Latin America. This report was distributed widely
within Kauai, was cited by a Kauai County council member as recommended reading during the
Bill 2491 pesticide hearings, but was apparently also not reviewed by the JFF study panel. In
addition, a general review of the issues that were raised as part of the 2011 Waimea vs.
Pioneer DuPont lawsuit were outlined in an earlier report describing the phenomena of erosion,
fugitive dust escapes, pesticide drift, and environmental and health implications, as reported in
the scientific literature (Valenzuela 2013a).

2.0 Additional Comments and documentation to back-up factual statements made in
Section 1.0.
2.1. The failure to follow BMPs increases the risk of environmental pollution and of
adverse health effects. Over the past 15 years the seed companies have failed to follow Best
Management Practices (BMPs) as outlined by the General Accepted Agricultural and
Management Practices (GAAMP, cited on Appendix 2, pg. 149). This was demonstrated by the
2015 jury decision in Federal Court concluding that Pioneer DuPont had allowed excessive
levels of dust pollution to reach environmental habitats and the nearby community of Waimeaand thus failing to meet minimum standards of proper land stewardship. As part of the final
court rulings the jury was asked in writing, "did the plaintiffs prove with a preponderance of the
evidence that Pioneer failed to follow generally accepted agricultural and management
practices"?, and the jury's unanimous verdict was an unqualified "Yes".
Over the past 15 years, all of the seed companies have followed similar management
production programs, with respect to soil and pest management. Because the seed companies
make thousands of pesticide applications per year, following a calendar-based ‘spray and pray’
approach, it is likely that the year-round dust escapes, pesticide drift, and runoff pollution
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exacerbated the risks of contamination of wildlife and aquatic habitats, and of nearby rural
communities in Kauai. This is an important factual piece of information that should be
incorporated into the report. The federal court proceedings, and the final jury verdict after
weighing on the "preponderance of the evidence" clearly support this point.
Local media accounts also provide evidence that the corn seed companies have persistently
failed to follow BMPs with respect to soil management or pesticide use in Hawaii. With respect
to recommended soil conservation practices in 2010 the County of Kauai cited a seed company
for failing to follow “minimum best practices” with respect to soil conservation (Van Voorhis,
2011). Over the years the corn seed companies have also been cited by federal or local
agencies for failing to follow proper soil or pesticide management protocols. In 2008 GMO seed
companies in Hawaii were fined for “significant pesticide violations” while notifying the seed
companies about the “importance to follow pesticide laws.” At the time GMO seed companies
were fined over $349,000 for “violation of federal pesticide law, which included the exposure of
workers to pesticides” (Harju, 2008; Finnegan, 2008). Earlier in 2002 the EPA also fined corn
seed companies in Hawaii for failing to follow safety procedures. The EPA fined the seed
company $72,000 after finding evidence that the seed company had “contaminated nearby
crops in Hawaii.” Later on the EPA found a second case of contamination, with the media
reporting that “The latest violation drew sharp criticism from EPA officials” (Weise, 2002;
Reuters, 2003; Duchemin, 2003).
2.2. Calculation on pesticide use on Kauai vs continental U.S.A. According to the Seed
Industry the amounts of pesticides used by corn seed growers in Hawaii is very similar to the
amounts used by commercial corn growers in the U.S. For example in recent testimony to the
Maui County Council Monsanto claims that “growing seed is no different than growing seed for
food” and that in terms of pesticide use between seed growing in Kauai and for food in the U.S.
“in most cases very similar quantities can and will be used” (Stolfotz, 2014). However this is
NOT the case. Because of the intensive nature of year-round corn production in Hawaii, the
total number of pesticide applications per crop ranges from 20-35 applications in the 4-month
cycle, but are more likely in the range of 25 applications per crop. Because two crops are often
grown on the same site per year, each individual plot of land where seed corn is grown in
Hawaii receives about 50 pesticide applications per year. This includes about 9 herbicide
applications, about 9 fungicide applications, and over 30 insecticide applications per individual
plot per year. The numbers cited above are based on the high total number of pesticide
applications made by individual seed companies (2,500 per year for one company as revealed
in the recent lawsuit) (Valenzuela, 2013a), on anecdotal information based on the account of
local residents that witness the intensely weekly spraying of individual fields, and from an
agronomic perspective, based on the typical “spray and pray” calendar-based approach
followed by the seed companies to grow seed corn in Hawaii.
Thus for each crop cycle, which includes field preparation and ‘cleaning’ the field after harvest,
the seed companies make about 3-5 herbicide sprays (to eliminate weeds and volunteers prior
to planting and after harvest), make ‘calendar’ fungicide applications about every 10-15 days for
a total of 4-5 applications per crop, and make ‘calendar’ weekly insecticide applications for a
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total of about 15 insecticide applications per crop. Because 2 corn crops are often grown on the
same site, this thus translates to a total of about 9 herbicide, 9 fungicide and over 30 insecticide
applications per year, with a total of about 50 applications per year on the same plot of land for
seed corn production in Kauai.
In stark contrast in the continental U.S. only 11% of corn fields are treated with fungicides (i.e.
89% of the corn acreage receives NO fungicide spray applications); only 15.5% of the corn
acreage receives insecticide spray applications (i.e. about 84% of corn fields receive NO
insecticide spray applications), and the average field of corn in the continental U.S. receives
about 3 herbicide applications per year, compared to about 9 applications in Kauai. Thus in
terms of intensity, overall pesticide use by seed corn growers in Kauai is over 20x greater than
in the mainland, and the intensity of use is 3x greater for herbicides, over 80x greater for
fungicides, and >200x greater for insecticide applications (USDA-NASS, 2006; USDA-NASS,
2007, USDA, 2011, USDA-NASS, 2014; on fungicide use by farmers also see Bitzer and
Herbek, 2014).
There is no factual basis for the statement made in the JFF report indicating that there is no
“practical utility” in reporting 'composite rates' of application per acre, i.e. the total volume of
pesticides applied per acre per year (JFF draft report, pages, 23, 27). The large concentrated
volume of a mixture of pesticide applications, and their replication over dozens of locations
across the island, on any given day, is central to the discussion about potential environmental
and human health impacts. Furthermore, this large volume and intensity of pesticide
applications needs to be described in the context of the documented large volumes of erosion
and dust escapes, given the year-round trade winds in Hawaii, and with respect to the mixture
of a cocktail of pesticide combinations, given that the seed companies are applying over 80
different pesticide formulations.
2.3. The report needs to clarify and state that the unique nature of the seed company
operations exacerbate the risks of pesticide drift, runoff and dust escapes. The farming
practices followed by the corn seed companies in Hawaii are unique, with each of the 4
companies growing dozens of small plots distributed geographically in a mosaic fashion within
the southern and western agricultural belts of Kauai-- all upslope from fragile aquatic habitats.
The mosaic style of planting, with small plots of corn surrounded by expansive bare fields,
means that the risks and actual levels of pesticide drift, runoff, and dust pollution are
considerably greater than the levels observed under normal commercial farms in Hawaii. The
corn seed companies in Kauai make dozens of different pesticide applications on a given day,
with perhaps over 7,000 different pesticide applications per year. These applications take place
at all hours of the day, every day of the week, and every day of the year (with only one company
spraying over 240 days out of the year).
Corn seed growers only plant at any one time between 10-15% of the available land they lease.
This means that about 85-90% of the agricultural lands have laid bare or fallow year-round,
exposed to frequent herbicide sprays, cultivation, runoff, and to wind erosion. The greater level
of frequent cultivation of the bare land with heavy equipment leads to a destruction of the soil
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structure, turning the soil into dust, and thus making it more susceptible to runoff and to wind
erosion. On the other hand, ‘normal’ commercial vegetable or fruit farms grow crops from ‘fence
to fence’ with most of the land protected by vegetation. Thus the risk of environmental pollution
from pesticide drift, runoff, and dust escapes is considerably greater on the seed corn fields
than in ‘normal’ commercial farms in Hawaii (see citations in, Valenzuela, 2013a).

2.4. Environmental and Human Health risks of General Use Pesticides (GUPs). While the
seed companies have chosen not to disclose details about the number and volume of General
Use Pesticides used as part of their operations, the report needs to emphasize that GUPs do
pose a serious risk to human health and the environment, and that it is critical that this
information be disclosed for public review. For example, a recent study showed that some
frequently used fungicides, such as pyraclostrobin & metconazole (Headline), which is used by
the seed companies, may cause similar changes in gene expression as those observed in
neurodegenerative disorders such as autism and Alzheimers. The authors thus recommend
“monitoring steady-state levels in the environment, assessing exposure levels and
pharmacokinetics, and epidemiological studies” (Pearson et al., 2016). The fact that pesticides
in mixtures or cocktails may also result in synergistic toxicity also highlights the importance for
communities to have knowledge about the type and amount of GUPs that are being applied in
nearby agricultural fields.
Examples of some General Use Pesticides that are used by the corn seed companies, and that
pose a risk to the environment and/or to human health include,
●
●
●

●

●

●

Acetochlor (cancer, and endocrine disruptor, Wigle et al., 2009; McKinlay et al., 2008;
and Cal EPA, 2012; Hakimfeb, 2015);
Bentazon (Among pesticides found most frequently in groundwater in California;
Panups, 1995);
Carbaryl (cancer, endocrine disruptor, sterility or decreased fertility, spontaneous
abortion, birth weight, Melanoma, toxic to fish, bees and earthworms, Sanford et al.,
2015; Mahajan et al., 2007; McKinlay et al., 2008; Long, 2003; Cal EPA 2012);
Dicamba (several adverse health effects as well as a surface and groundwater
contaminant; Sanford et al., 2015; EPA 1993; Panups 1993; Soloneski et al., 2011;
Kurenbach et al., 2015);
Dimethoate (reproductive function, potential carcinogen, endocrine disruptor and
extremely high potential to move off-site via runoff; Walsh et al., 2000; EPA 1993;
Panups 1993; McKinlay et al., 2008; Long, 2003); and
Simazine (possible human carcinogen, endocrine disruptor, frequently found in
groundwater, and considered a high-risk herbicide in California, in terms of its impact on
water quality (EPA 1993, Panups, 1993, Panups, 1995; Browde, 2003; McKinlay et al.,
2008; Hakimfeb, 2015).
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2.5. Unique and serious risk to Bees from the corn seed operations. While the report does
mention risks to bees, it needs to highlight the considerable risks to bees and other pollinators
due to the particular and intensive use of pesticides by the seed companies in Kauai. Overall
over 20 of the pesticides that are used by the seed industry are toxic to bees, as highlighted on
their respective pesticide labels (for examples with the insecticide Chlorpyrifos and the fungicide
Chlorothalonil, see Zhu et al., 2014). In most cases the pesticide labels prohibit the application
of these pesticides when the bees are foraging- and with some pesticides application,
restrictions are placed in the label if bees will be foraging in the field within hours or even within
days after application.
Not only are the individual chemicals toxic to bees, but additional environmental interactions, as
well as chemical to chemical interactions may exacerbate the impact of indiscriminate pesticide
applications on the activity of bees. For instance studies have found that exposure to pesticides
increased the susceptibility of bees to pests contributing to the decline of bee populations (Alaux
et al., 2010; Pettis et al., 2013). As another example the fungicide Tilt (Propiconazole), which is
used by the seed companies in Kauai, has been shown to affect the activity of beneficial or
natural enemies of pests, and the activity of bees. The fungicide Tilt also showed a synergistic
activity with the pyrethroid insecticide Warrior (cyhalothrin), which is also used by the seed
companies, increasing its adverse impact on bees (Maini et al., 2010). Given the intensity of
applications, and the large number of pesticides used by the seed industry, it is also important
to recognize the potential synergistic adverse effect of pesticide mixtures or combinations, and
even of adjuvants or ‘inert’ ingredients on bee populations (Zhu et al., 2014).
Pesticides that are toxic to bees, and which are used by the seed companies include,
Admire Pro, Asana XL, Assail 70WP, Baythroid XL, Carbaryl 80S, Dimethoate 400, Entrust,
Force 3G, Lannate LV, Larvin 3.2, Lorsban 4E, Lorsban Advanced, Malathion Aqua-Mul,
Marathon 1%, Mustang Max, Mustang Max EC, Oberon 2SC, Permethrin, Perm-Up 3.2EC,
Provado 1.6, Radiant SC, Sevin XLR Plus, Success, and Warrior ZT.
Because of the intensity of application, the corn seed companies make thousands of
applications per year of pesticides that are toxic to bees. Because anecdotal observations from
local residents show the corn seed companies spraying pesticides at all days, and during all
times of the day, it is likely that multiple applications have been regularly made, exposing bees
to toxic pesticides, and in violation of federal and state laws. In some cases, the label also
requires that beekeepers be informed at least 48 hours in advance, if applications will be made
within 1 mile of their location. Because pesticide applications by the corn seed companies are
made during all hours of the day, and during all days of the year, it is most likely that bees have
been directly exposed to harmful pesticide applications. While some surveys conducted in Kauai
show ‘healthy’ bee populations in other parts of the island, no systematic study has been
conducted to determine the impact of the operations by the seed companies, on bee
populations in Kauai.
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2.7. Environmental and human health impact of erosion, runoff and dust escapes as
carriers of toxic pesticides. The report needs to make a strong statement indicating that dust
escapes, runoff, and erosion have been a major source of pollution caused by the seed field
research operations. This was the central conclusion reached by a jury in Federal Court, in the
Waimea vs. DuPont-Pioneer federal lawsuit case that was concluded in 2015. The high levels of
dust escapes from the corn fields were a result of having about 85-90% of the fields under bare
or fallow conditions- and thus leaving the bare soil exposed to the elements-- and due to the
excessive cultivation of the soil with heavy machinery, without having adopted the proper soil
conservation measures. It has been know for many years that a failure to follow the proper or
best management practices may lead to excessive levels of erosion. For example a review on
soil erosion published over 50 years ago indicated that “Excessive and improper tillage often
causes excessive soil loosening and pulverization and increases the hazards from erosion by
wind” (Chepil and Woodruff, 1963).
While the draft JFF report does mention in passing that dust escapes have been an issue with
corn seed operations, and that dust may be impregnated with pesticides residues (draft report,
pg. 8, 35, 39 & 43), a stronger statement needs to be made that dust escapes, and runoff may
have been a major source of pesticide pollution, and that over the past 15 years significant
levels of dust escapes have polluted non-target wild habitats and rural communities in Kauai. As
indicated in the original complaint of the federal lawsuit, Kauai residents have periodically raised
concerned about the high levels of dust escapes from the corn fields since the year 2000. The
original complaint also indicated that the “fugitive dust exacerbates the risks associated with
Pioneer's use of inherently dangerous pesticides because fugitive dust acts as a transport
mechanism to carry pesticides into Waimea" (Valenzuela, 2013a). An example of the potential
human health impact of polluted dust is the development of leukemia in children exposed to
dust contaminated with the insecticide Dicamba (Sanford et al., 2015), a pesticide used by the
seed companies in Kauai. The higher exposure of children to pesticide contaminated dust when
living in proximity to agricultural operations is well documented in the scientific literature (for
examples see Simcox et al., 1995; Lu et al., 2002). For instance one survey found that the
levels of one agricultural pesticide on household dust in proximity to agricultural fields “were
seven times higher than those of reference families” and that “Median pesticide metabolite
concentrations in agricultural children were five times higher than those in reference children”
(Lu et al., 2002).
Runoff, and pesticide-contaminated soil from agricultural operations has long been considered
an important pollutant of aquatic habitats. A report from Hawaii written 40 years ago indicated
that ““Sediment is, quantitatively, considered our nation's largest single water pollutant. It is a
perfect example of a "resource out of place" in that it depletes the land resource and impairs
water quality” and recognized that “about 50%, results from agricultural activities.” The 40-year
old report also recognized that “Sediment particles have chemically-active surfaces that are
highly capable of adsorbing ionic substances” such as “pesticides” and that “these additional
pollutants find their way into water bodies via the erosion process” (Vim and Dugan, 1975). The
more recent literature also recognizes that “agricultural runoff contains a mixture of many
chemicals,” such as Atrazine (Murdock et al., 2013).
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Runoff and excessive erosion from unprotected, fallow, or bare fields has also been a consistent
problem in the corn seed operations over the years, which again shows that the seed
companies have failed to adopt Best Management Practices with regard to soil conservation
measures. On March 3, 2011 the County of Kauai issued two notices of Grubbing violation to a
corn seed company, because “unpermitted and unexempt agriculture-related grubbing was
taking place” (Van Voorhis, 2011). The violations which took place on December 8, 2010
included a lack of “minimum best practices”. According to a related media report, at the time
witnesses observed “mud slides along coastal agricultural fields following the heavy rains of last
December, and that the subsequent muddy runoff ended up in the ocean and impacted
commercial fishing” (Van Voorhis, 2011). Again, as indicated by Vim and Dugan (1975), it
would be expected that the runoff would be contaminated with pesticides, with unknown
environmental and human health impacts.
2.9. Environmental and Human Health risk from exposure to chemical Cocktails. The
issue of chemical mixtures is especially critical in Kauai, given that the corn seed companies
apply over 80 different pesticide formulations. The pesticide formulations used by the corn seed
industry include over 60 different active ingredients, which represent over 30 different chemical
classes or families. However, even chemicals within the same chemical class or family may
have different toxicological characteristics. Also informal residue testing by individual families on
West Kauai has shown several pesticides in tissue samplings of children (Anon, 2016).
The concern about pesticide mixtures, along with their degradation products (Chang et al.,
2011) is pertinent to Kauai, because according to a recent report from UCLA, “Increasingly,
research shows that cumulative exposures can have larger than anticipated impacts on public
health” (Zaunbrecher et al., 2016). With respect to cancer, a recent review indicated that “Our
analysis suggests that the cumulative effects of individual (non-carcinogenic) chemicals acting
on different pathways, and a variety of related systems, organs, tissues and cells could plausibly
conspire to produce carcinogenic synergies” (Goodson et al., 2015).
With respect to chemical cocktails, a recent report from the European Commission indicates
that “we are seldom exposed to just one of these chemicals or in high doses – most people are
exposed to a complex mixture of these chemicals at low concentrations," adding that
understanding the full impacts is among the “greatest challenge to modern toxicology” (Anon,
2013). Similarly, the U.S. President’s Panel on Cancer, indicated that “Further, analyzing each
chemical separately fails to address the potential hazards of being exposed to combinations of
chemicals and other contaminants that may have synergistic deleterious effects” (Leffall et al.,
2010). This type of concerns have been documented in the recent literature (eg. Halstead et al.,
2015, Buck et al., 2015; Zaunbrecher et al., 2016).)
The concern with chemical mixtures should also include the risks of exposure to the multiple
toxins that are contained within the plants of genetically modified corn, as many of the newer
varieties have “stacked” several different Bt or Bacillus crystals or toxins, within the same plant
(Vendomois et al., 2009; Hilbeck and Otto, 2015). The combination of the several stacked Bt
toxins that have been incorporated into the plant will be eventually dispersed into the soil and
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environment, as part of the harvested crop residues, along with other pesticides in the
environment (Rosi-Marshall et al., 2007; Tank et al., 2010).
It is understood in the literature that chemical mixtures may have adverse effects on the
environment and on biodiversity, including products such as atrazine, malathion, and
chlorothalonil, all of which are used by the seed industry (Halstead et al., 2015). Another
example of an interaction that would be difficult to predict is the increase release of legacy
pesticides into the environment from the application of herbicides that promote soil erosion.
Researchers from France showed that Roundup herbicide applications, lead to increased
erosion levels in vineyards, which led to greater release of DDT into the environment (Sabatier
et al., 2014).
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From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:40:07 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Jeffrey Vesci <vvesci@sbcglobal.net>
Date: Thu, Mar 24, 2016 at 7:28 PM
Subject: Comments on JFFG Report
To: "jffcomments@gmail.com"
<jffcomments@gmail.com>

Dear Mr. Adler and the JFFG, I am writing to express my
strong support for the recommendations made by the JFFG
after exhaustively reviewing the available data. I hope that
the report recommendations will not be weakened because
of industry attack. I also hope that the language will be
made more clear that important gaps exists in the data so
that it is not possible to conclude what, if any, health
impacts are linked with pesticide use by agrochemical
companies on Kaua`i. Thank you for your hard work.

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:54:04 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: Maria Walker <maria.makaleha@gmail.com>
Date: Sat, Mar 26, 2016 at 2:00 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am writing to express my strong support for the
recommendations made by the JFFG after exhaustively
reviewing the available data. I hope that the report
recommendations will not be weakened because of industry
attack. I also hope that the language will be made more
clear that important gaps exist in the data so that it is not
possible to conclude what, if any, health impacts are linked
with pesticide use by agrochemical companies on Kaua`i.
These gaps should be addressed by thorough studies
conducted in all the areas of the island adjacent to large ag
operations.
Thank you for your hard work and dedication,
Maria Walker
PO Box 33
Kapa'a, HI 96746

From: Peter Adler <jﬀcomments@gmail.com>
Subject: Fwd: Comments on JFFG Report
Date: April 6, 2016 at 3:33:33 PM HST
To: Peter Adler <padleraccord@gmail.com>
---------- Forwarded message ---------From: <valerieweiss31@gmail.com>
Date: Thu, Mar 24, 2016 at 1:59 PM
Subject: Comments on JFFG Report
To: jffcomments@gmail.com
Dear Mr. Adler and the JFFG,
I am wri6ng to express my strong support for the recommenda6ons made by the
JFFG aAer exhaus6vely reviewing the available data. I hope that the report
recommenda6ons will not be weakened because of industry aDack. I also hope
that the language will be made more clear that important gaps exists in the data
so that it is not possible to conclude what, if any, health impacts are linked with
pes6cide use by agrochemical companies on Kaua`i.
Addi6onally I feel it is impera6ve to have more tes6ng, much more oAen, of our
water soil and air.

Thank you for your hard work.
Valerie Weiss
Kapaa

COMMENTS ON THE KAUAI JOINT FACT FINDING GROUP DRAFT REPORT
It is with great surprise and disappointment that the Kauai Joint Fact Finding Group Draft Report is
short on acceptable scientific facts and the regulatory process but long on opinion, anecdotal
information and allegations. While there are several areas of this report that are far far from facts I will
only address an area that I feel I have a very strong personal career background in.
I have spent a significant portion of my career working under EPA requirements for pesticide
registrations for the sugar industry. Because the industry was relatively small in Hawaii in the scale of
commodity crops, the industry here had to do a lot of work that the pesticide registrant would normally
do for the larger commodity crops. Consequently, I am very familiar with the process and quality of
work required to get a pesticide label. This report seems short on the understanding of that process.
In addition, there appears to be a general misrepresentation of industry provided data. The opinion of
some is that the studies that are done by the companies can not be trusted. While that may be true for
unregulated industries such as the nutriceuticals (no regulatory control), studies required by federal
agencies in support of their approvals for public use must follow very strict protocols which are either
already prescribed by the agency or agreed to in advance of implementation. Often the company pays
for a third party to do the studies as they may or may not have the in house expertise to do it. The
required studies have protocols established by the federal agency and they are audited just like a bank
audit. HARC is very familiar with this process as we have done some of these required studies for
pesticides. We are given a protocol by the company which has been approved or developed by EPA;
we are audited before the project is started to be sure we are qualified to do it . We must have written
procedures in place for all equipment used and documentation for trained staff. We are required to
have an in-house auditor who makes sure the staff follows the protocol and documents any deviations;
then the work is audited when the study is done not only by the company paying for the work but also
periodically by EPA. That is how these studies are done that are paid for by the various companies
who are required to do them. (PAID BY THE COMPANY-typically $100M+ and at least a decade)
The process is not done. There is a reporting requirement to the agency for any adverse effect
determined; there is a re-registration process required when all the previous studies and new literature
are reviewed for new findings. In addition all studies must be archived for future scrutiny if necessary
until the particular compound is no longer registered. (GLPs, 21 CFR 58)
Considering the process above required to get registration (a use label) who else, besides the
manufacturer, is going to do these required controlled studies. So claims by the NGOs that the studies
paid for by agricultural companies are not acceptable doesn't make a lot of sense. It demonstrates that
they are uninformed about the process or just using scare tactics to pursue their agendas.
After the compounds are registered university researchers or others are free to do whatever study they
want. Rarely do university researchers follow the same rigid quality protocols required by the agencies
to be acceptable for the registration process. That process is too expensive to do and funding for this
type of work is limited. So, they do what can be done with the funding available. This was evident in
the air monitoring project that was done. Easy for both sides to criticize because of the limited
funding. Obviously, these studies can lead to controversy over claims which usually indicated more
work is needed. Unfortunately associations or claims may be picked up and sensationalized for
specific party's agenda.
However, science does work through the process of establishing facts from fiction. To be accepted by
the scientific community significant findings are vetted by a study's reproducibility by another party.
Of course someone needs to fund that work to reproduce the original work. Most often the original
work is not that significant or it doesn't affect another party's right and so no further work is done
leaving the original study out there with either questionable protocols and/or questionable results.
Often then it is repeated by a party it may benefit enough times to establish credibility at least with an

work is not that significant or it doesn't affect another party's right and so no further work is done
leaving the original study out there with either questionable protocols and/or questionable results.
Often then it is repeated by a party it may benefit enough times to establish credibility at least with an
unsuspecting audience.
Actually some of the frog study alleging potential endocrine effects that could be affecting humans
that were reported to the Kauai community last year had to be retracted after a more thorough
scientific review. Of course the popular media did not publish that inconvenient fact , besides the
political and community fall out had been accomplished. It is unfortunate that the public is unaware of
how scientific facts are established. Also the lack of awareness of this committee on the difference
between association in epidemiological studies and causation, and the difference between a high school
project and peer-reviewed studies or regulatory review findings. Another missing fact is the major
quality differences in epidemiological studies and how these studies are used in the scientific
community before initiating more expensive and better quality research efforts.
Let's take an example from the famous Bruce Ames who once said after his prior admission of
misdirected accusations about pesticide and mutagenesis:
The stork population was increasing in Europe;
there was an increase in the number of babies that were born in Europe;
therefore, storks bring babies.
Here is an association of 2 actual facts (first 2 statements). The third statement
assumes causation which is false statement. The 2 facts did happen during the same
period, an association, but obviously the third statement is not a consequence of the first
2 facts. It is unfortunate and unacceptable that the knowing use of this kind of
information is and continues to be used to aggravate a very emotional situation.
This does boils down to where do we use our limited State's agricultural and health resources:
chasing mice or chasing the elephants. While there are those who see agriculture as the
elephant and more specifically the companies utilizing biotechnology for crop improvement
there should be a more factual based use of Hawaii's limited resources. This report did not
help this through its lack of well established national and global information gathering on
pesticides.
I personally was very impressed by how a national NGO came in and changed the issue from
an anti-GMO issue (where the sentiment was obviously changing on the global level based on
undeniable FACTS) to pesticides. Pesticides had been being vilified by the organic industry
(even though they use them as well as synthetic ones through a federal petition process). So
the fear and anti-sentiment was already present and would a much easier sell in its public
relations effort and global mission.

From: "Lynn B. Wilson" <lynn@samesmallboat.com>
Subject: suggestions for finalizing JFF draft 4.2016
Date: April 8, 2016 at 8:53:40 AM HST
To: JFFcomments@gmail.com
Greetings JFFcomments@gmail.com:
Congratulations on your draft report, very thoughtful.
I have worked with health and early childhood
organizations in Hawai`i over the past 20 years. Thank you
for ‘listening’ to my feedback on the JFF draft report. See
attached. I realize I have exceeded your request for 250
words or less, yet not by much and i have tried to condense
and provide what may be helpful.
I agree with the report: full disclosure of RUP and
glyphosate use and implementation of buffer zones is
essential. Hawai`i needs to make these mandatory.
Looking forward to the final JFF report. Hope this feedback
is helpful. Mahalo. With respect and aloha, Lynn
Lynn B. Wilson, PhD
1188 Bishop Street, Suite 1502, Honolulu, HI 96813
808-382-5286

Response'to'JFF'Draft'
4.7.16&
Lynn'B.'Wilson,'PhD'
1188&Bishop&Street,&Suite&1502,&Honolulu,&HI&96813&
808=382=5286&
&
&
RE:'CHILDREN'(specifically'p.'54)'
“Children&appear&….&They&also…&which&can&increase&potential&exposure&at&a&time&of&
their&lives&when&organs&(e.g.,&brain,&filtering&organs&like&liver&and&kidneys)&are&still&
developing&making&their&bodies&more&susceptible&to&toxins.&Young&children&live&
more&hours&of&the&day&either&on&the&floor&or&closer&to&the&ground&where&many&of&
these&chemicals&settle.”&
&
RE:'CHILDREN'(generally)'
The&JFF&draft&report&understates&risks&to&children&as&they&move&toward&a&lifetime&of&
exposure&(including&in&utero&exposure&links&to&cancer&and&neuro&developmental&
problems&such&as&autism&and&ADHD,&and&higher&rates&of&breast&cancer&and&abnormal&
sperm&in&adults&today&have&been&linked&to&their&pesticide&exposure&during&
adolescence).1,2,3&
&
RE:'DATA'
There&will&never&be&large&enough&sample&sizes&for&research&to&demonstrate&
definitive&patterns&of&disease&on&Kaua`i&linked&to&specific&pesticides&because&of&the&
island’s&small&population&because&corporations&have&used&so&many&pesticides&over&a&
century&and&because&many&health&effects&will&not&become&evident&for&decades&into&
the&future.&So,&Hawai`i&needs&to&move&ahead&to&create&policy&based&on&definitive&
science,&recognizing&and&acting&on&larger&national&and&international&peer=reviewed,&
published&research.&Hawai`i&needs&to&avoid&the&parallel&that’s&taken&place&in&earlier&
national&DDT&and&tobacco&debates&and&contemporary&climate&change&debates—
where&those&who&have&wanted&to&impede&science=based&regulations&slow&the&policy&
making&process&by&creating&obfuscation,&distraction,&and&doubt.&
&
RE:'AAP'report'quote'(p.54)'
Yes,&this&is&a&correct&quote,&but&the&AAP&statement&was&so&much&stronger&in&making&a&
case&for&linking&detrimental&health&impacts&in&children&to&pesticide&exposure.&Their&
main&point&is&that&we&need&to&work&together&to&reduce&pesticide&exposure&for&
children,&and&essentially&that&means&reducing&pesticide&exposure&for&us&all.4&
Wondering&if&the&report&can&capture&the&more&definitive&links&that&AAP&and&other&
research&makes&between&low=level,&chronic&pesticide&exposure&to&children&over&a&
lifetime?&
&

&

Perhaps&more&than&this,&AAP&national&leadership&is&alarmed&that&childhood&chronic&
diseases&have&increased&400%&in&the&past&50&years&including&ADHD,&asthma,&autism,&
cancer,&obesity&and&diabetes.5,6,7,8,9,10&Environmental&toxin&exposures&play&a&
significant&role&in&this&ongoing&health&crisis,&so&policies&and&regulations&needs&to&be&

based&on&research&of&“active”&and&“inert”&ingredients,&their&combined&toxicity,&and&
their&toxicity&when&used&in&combination&with&other&environmental&toxins.&
&
RE:'Comparing'Hawai`i'and'California'(p.'76)'
Are&key&elements&missing&here?&California&pesticide&use&data&is&open&for&the&public&
to&access&almost&immediately.&In&Hawai`i&what&information&about&pesticide&use&(not&
just&sales)&is&easily&accessible&to&the&public,&to&researchers,&to&health&professionals?&&
'
RE:'Question'
The&report’s&recommendations&were&strong.&Hawai`i&will&be&a&much&safer&place&if&
these&recommendations&are&adopted.&What&will&happen&as&follow=up&if&the&state&
simply&says&Hawai’i&cannot&afford&to&implement&these&recommendations?&
&&
&
&
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
1&Web&post&on&research&by&Center&for&Children’s&Environmental&Health,&UC&Davis,&at&
https://www.epa.gov/research=grants/niehsepa=cehcs=center=childrens=environmental=health=cceh=
uc=davis&
&

2

"Niehoff,&Nicole&M&et&al.&Childhood&and&Adolescent&Pesticide&Exposure&and&Breast&Cancer&Risk,&
Epidemiology,&2016,&27(3):&pp.&326=333.&
&

3&Web&post&announcing&research&by&the&Milken&School&of&Public&Health,&George&Washington&

University,&at&http://www.eurekalert.org/pub_releases/2015=11/gwum=tet102715.php&accessed&
April&5,&2016.&
&

4&American&Academy&of&Pediatrics&Policy&Statement&on&Pesticides&at&

http://pediatrics.aappublications.org/content/130/6/e1757&accessed&November&2,&2015.&
&

5&James&Perrin,&Immediate&Past&President&of&the&American&Academy&of&Pediatrics,&Presentation&in&

Hawai`i&for&early&childhood&and&pediatric&providers,&sponsored&by&UH&JABSOM&Department&of&
Pediatrics,&May&6,&2015.&
&

6&Centers&for&Disease&Control=&http://www.cdc.gov/ncbddd/adhd/data.html&
&

7&Centers&for&Disease&Control=&

http://webarchive.library.unt.edu/eot2008/20090109033108/http://www.cdc.gov/nchs/data/ad/
ad381.pdf&
&

8&Centers&for&Disease&Control=&http://www.cdc.gov/features/dsautismdata/index.html&
&

9&CureSearch&post&at&http://curesearch.org/Incidence=Rates=Over=Time&based&on&Source:&

Surveillance,&Epidemiology,&and&End&Results&(SEER)&Program&(www.seer.cancer.gov)&SEER&9&area.&
Age&0=19.&
&

10&Centers&for&Disease&Control&=&http://www.cdc.gov/obesity/data/facts.html

&

Comment Cards from Informational Briefing
April 4, 2016 • Kauai Veterans Center
The Joint Fact Finding (JFF) Study Group held a public meeting on April 4, 2016 to discuss the
JFF process and the March 10, 2016 Draft Report, and to address questions from the audience.
The audience was asked to write their questions on cards and submit them to the moderator.
No public testimony was taken, and commenters were not asked to write their names or
affiliations on the cards. The comments received at this public meeting have been transcribed
and included below. They have been sorted into six categories: Pesticides, JFF Process,
Environment, Health, Report Recommendations, and General Comments. Each individual
card has been transcribed as a single paragraph.

Pesticides
Toxicology published in 2012, that “ethoxylated adjuvants of glyphosate-based herbicides
are active principles of human cell toxicity”. For examples in this study, the adjuvants, POE15, is measured as 10,000 times more toxic than glyphosate to human embryonic cells,
with p<0.01 and p<0.05 at 3 parts per million (3ppm). This inert or inactive ingredient in
Roundup is not labeled as toxic on Roundup labels. The EPA has classified POE-15 as nontoxic. This proves the EPA uses Monsanto’s studies for their safety levels for America,
which is using biased research. Hawaii however could be ethical for restrictions toxic
pesticides?
In 2013, the Hawaii Legislative Reference Bureau prepared a study in response to a
legislature request on non-RUP (general use pesticide) reporting by other states. They
found only 7 states required such that the requirements were variable, and that two states,
Oregon and New York, appear to have encountered difficulties resulting from he cost of
maintaining their reporting programs. Why was this report not cited or discussed in the JFF
draft report, given it addresses two of the four recommendations made to HDOA?
In 2014, USDA published the major review “Pesticides Use in US Agriculture: 21 Selected
Crops 1960-2008”. This is the largest study to date on pesticides use in the US covering the
most recent half century. It concludes that acute and chronic toxicity of pesticides have
decreased substantially, which contradicts the JFF report’s finding of worldwide
recognition of an increase in the probable effects of chronic exposures to pesticides. The
USDA also found application rates and persistence in soil have decreased over 48 years.
Why was this USDA meta study not cited or discussed?
What was the reason for using 20 months from 3 different years of Good Neighbor Program
reports? By the time the draft report was issued, 24 months reporting from 2014 through
2015 was available. It was updated even with events that occurred in early 2016, but
ignored more than 8 months of available Good Neighbor Program data. Why were those
month excluded and why weren’t the numbers summarized on an annual basis?
What level of pesticides is accepted as “acceptable levels”?
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Pesticide samples are “well below human health standards” who set those “standards”.
Why are they lower than EPA limits?
We have heard that the EPA is in charge of setting the dosages and application amounts of
pesticides. Yet I understand that the Hawaii DOA can change the application levels on fields
in the state – Does this mean that the seed companies could be spraying 2, 3, or 4 times the
EPA-approved level on the label with permission from the Hawaii Dept of Agriculture?
Why is Hawaii state allowed to weaken the limits in the RUP national label? I did not see
this in the report. For example, allowed windspeed is doubled for some pesticides in
Hawaii.
If EPA is recommending chlorpyrifos ban, who has power to ban?
Given the group’s criticism of EPA federal standards, why didn’t the JFF ask to meet with
the EPA to understand their program?
You speak of standards for amounts and frequency in the application of herbicides and
pesticides. What happens when you apply them concurrently? Is that known and/or
regulated?
Kawika stated that chlorpyrifos was found in the environment at levels well below
environmental and health standards. However, chlorpyrifos has been shown to bioaccumulate 100 times higher than environmental levels. Therefore why are we not
monitoring bioaccumulations of chlorpyrifos?
EPA requires testing of individual RUPs. Do they ever require testing of “chemical cocktails”
used by chemical companies?
Are studying chlorpyrifos in stream water?
Are these chemicals used anywhere else in the world and are the facts with those places?
Where are they made?
If 75% of the RUPs used on Kauai are attributed to other consumers outside of the seed
companies and Kauai Coffee; how can we initiate reporting for homeowner use and home
fumigation? If the Hawaii Dept of Ag does not fund, what other options are there to fund?
Why are we not focusing on construction and pesticide/fumigation companies that spend
more than ag?
Look at the % use of pesticide use in West Kauai by agrochemical companies vs. % of
“other” pesticide applications in West Kauai
What about use of chlorpyrifos/Dursban on golf courses? Aren’t there significant effects on
the environmental shoreline? What are controls?
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Is chlorine a pesticide? Why was chlorine added into the study on pesticides? It seems to
skew numbers on who uses how much pesticide?
Did Kauai County do the test for chlorpyrifos or did they send samples from entire island to
a lab outside Kauai? (
If the seed companies are such Good Neighbors – why do they continue to use chlorpyrifos
even though it has been restricted in other countries?
Why even mention or spend time on pesticides like Enlist Duo when it isn’t used in Hawaii?
Please clarify that Chapter 4 mainly about RUP, ignoring GUP especially glyphosate, eg.
Amount used.
So there are alternatives to chlorpyrifos for seed companies to use?
Given that companies can withhold information from the Good Neighbor Program based on
“business secret” grounds, how can we know that the data on pesticide use is accurate?
So, if Sara from the chemical co. stresses, good scientific information is critical to draw
conclusions. How can this be done without full disclosure from the users (aren’t the
chemical companies responsible for about 25% of RUPS on Kauai)?
Did the chemical companies refuse to allow testing of air, water, etc. on their property? If
so, how can you ever get accurate data?
The report does not take into consideration the law suit that was won by the residents of
Waimea against Pioneer. Without having to disclose any pertinent info, obviously there was
impact on the Waimea residents in relationship to pesticide use. This alone should halt
further testing until proven it is safe.

JFF Process

We have heard that the report will be finalized by April 15. Is that a hard deadline? How
will the group consider and act on the public comments and give them due consideration in
just one week?
Given that most agricultural activity covered by the report occurs on the westside, why
wasn’t this meeting held at a time/location that more westside residents could attend?
What happened to the “precautionary principle”, where biocides/pesticides should not be
used until they are shown to be safe?
While we research further, what weight is given to the precautionary principle?
Will conflict of interest disclosures be included in your final report?
What were the p-values? What was the biggest trend?
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How much do tests cost?
Who has burden of proving safety?
Is the Pesticide Advisory Committee statutorily enabled/authorized and qualified to set
chronic exposure standards?
Did the group consider a best evidence standard in addition to a statistically significant
standard?
Since this report is all about the west side, why wasn’t this meeting held in Waimea? Many
west side residents did not attend because of the time of the meeting and to avoid a long
drive home late at night.
Who were the reviewers (epidemiologists, toxicologists, other readers) of the draft? Did the
agencies who provided facts/data review the interpretations and conclusions of the draft?
Why does the report cite/reference studies that were neither published or peer reviewed?
If you want facts just use what is known elsewhere and don’t have the pesticides that are
banned in other areas. That’s all we’re asking.
Why not use California’s “facts”?
If we have facts from studies done in other places showing the adverse effects of
pesticides/herbicides that are being used here. Why do we need to show significance again
when we don’t have numbers to substantiate the P score.
Where were study funding sources noted when studies were examined?
Why not make the corporations prove their contentions about their product before
allowing its use in our environment?
Why did the JFF draft report repeatedly focus on opinions or anecdotal evidence rather
than facts or scientific studies? (i.e., stinkweed incidents)
The JFF is focused on dictating public policy as opposed to actual fact finding and reporting.
Why is this committee not finding and reporting facts so our community can hear?
Why is it some countries have banned GMO. How are standards established?

General Comments

Correction – Dept of Ag – not Dept of Health – oversees pesticide usage and Good Neighbor
Program. Might be correct in report and just incorrect on presentation slide.
Will the report note when sampling was done and nothing detected versus when no
sampling was done?
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How many seed company high officials live downwind of the test fields?
Precautionary principle! Ruling out the side effects due to not having absolute evidence of
harmful effects is foolish. It will be nearly impossible to prove without a doubt due to
imperfect fact and recording and open air environment and other factors. However, fact is
the chemicals are harmful and an EIS and proof of safety need to be done. Order a test of
pesticides on pueo.
The study at Waimea Canyon Middle School determining “stinkweed” caused the health
crisis was incredulous. It was performed 2 years later on Maui with virtually nothing to do
with the real event. That inclusion that states “there has never been a pesticide incident
with the schools hurts the credibility of the findings and the report.” Best to remove that
deeply flawed study.
I appreciate the many recommendations the JFF study lists and support that all
recommendations say in the final report.
One cannot “disprove” anything with statistics. You can only a. prove or b. fail to prove a
stated hypothesis.
Stating that the sample size is too small to find a “statistically significant” result is just
wrong. You can only say that the effect you are measuring in not large enough to be
statistically significant given the sample size.
Ever since backyard burning was banned in HI, my pesticide use at home has increased 100
fold. Not a smart law
“Statistically significant”, random chance, but for those affected it is a problem. What help
for those already affected?
Good get Dept of Ag/Dept of Health/Dept of Ed expanded guidelines
EPA and Europe now, USA when?!
This presentation/report only proves that MDs are not scientists.
The error is there are no facts to back up accusations against ag and stop spending more
money and time trying to find facts to back up the false information. Most divisive and
discouraging issues in the history of ag in Hawaii and not an encouragement to young or
new farmers. Support ag and farmers who are only .5% of population trying to feed the
99.5% of population of Hawaii.
Why invest all this money on committee’s salaries when we know and you know how to
stop it.
The commission could have made a very positive contribution to our community and
Hawaii as a whole, but that potential will sadly go unfulfilled. Annoyed at their failure to
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uncover evidence to support their conviction that the seed companies are guilty, the
majority focuses on nonexistent hypothetical evidence waiting to be discovered. If this
were truly a fact-focused process, they would focus on the meaningful gaps identified in
our data collection and in how we regulate pesticides. That would be a constructive
contribution to our community that would help to make our shared home safer. Instead, we
face the continued politicization of agricultural policy and polarization of our community.
It seems like this document is designed to make our community’s divisions worse and
ignoring facts and emphasizing opinions. How could you do this? How can you fix it?
The study is a waste of time. We all know it is dangerous. Why keep using substances we
know are dangerous? This entire island is hallowed ground; why keep up the charade?
Tourists have the right to know also!
Does their “right to farm” trump my right to breathe clean air?
What words was left out of the draft? To make a compromise.
How would precautionary principle apply to mosquito abatement in control of Zika and
Dengue?

Environment
Tissue sampling pueo studies done in early 1990s by Tom Telfer?
Who is conducting owl study? Can’t you make a recommendation in your report that this
agency test for pesticides, in addition to rodenticides?
Has anyone, Dept of Wildlife, State of HI, necropsied any of the owls in the lowlands of the
Westside? Both pueo and barn owls are virtually GONE. (I have wings from 10-20 owls I’ve
buried)
There was a large “kill off” of fish a few months back on the Westside [near Kini Kini]. Was
there any testing on these fish and water – as these were found? If so, was it the State,
DLNR, the government (since it was off Barking Sands), or another agency – who did the
studies?
What is the rate of hydrological connectivity in the areas of the seed companies on the
Westside? At what level are the ??? water wells as far as depth to aquifer? Was the
conductivity of the ground water examined? Is this area as high risk as DOH sits in their
recent report? As shown on DOH map
What plan, if any, is there to test ocean waters for herbicide or pesticide content? What
about groundwater?
Has there been any soil analysis of the state-owned land when a biotech leaves the land
behind?
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How many JFF members have actually smelled or experienced the effects of stinkweed?
How much does/would it cost to monitor or test Kauai for pesticides in air, water, and/or
dust? Similar to what CA does
Tests used for data in the study by Surfrider, PAN, SEED, etc. should be replaced by
Government agency testing (impartial) in final report. The public should not be asked to
believe data collected by special interest groups, funded by special interests/mainland
money.
How many soil, air, and water samples would need to be taken to produce data that would
be scientifically significant?

Health

The Lancet Neurology journal published in 2014, a peer review study, “Neurobehavioral
effects of developmental toxicity” Chlorpyrifos, lead, and methyl mercury cause prenatal
and postnatal brain damage which is correlated with autism, attention-deficit hyperactivity disorder, dyslexia, and other cognitive impairments. Prenatal and postnatal
exposure to chlorpyrifos can be measured by a thinner human cortex in the child, years
later. Clinical labs has no testing for chlorpyrifos. Thus there is no current Kauai medical
protocol to test pediatric exposure to chlorpyrifos?
The JFF report cited the Agricultural Health Study by only its title and only once, on page
52, but did not discuss any finding or summary from this largest study ever conducted of
farmers and their families. More than 89,000 pesticide applicators and spouses have been
involved in the study since 1993, and after more than one million person-years of data
found these applicators lived longer and were less likely than the general population to die
from heart disease, cancer, diabetes, lung, and liver diseases. Why was this largest study
ever conducted on medical/health outcomes of farmer-pesticide applicators not
addressed?
There was comprehensive laboratory testing of 2 girls on the westside. 35 pesticides were
found in body samples, including restricted use pesticides. As far as I know there has been
no one else who had the comprehensive testing done. Finding dozens of pesticides in these
children, I assume, will prompt an immediate investigation/testing of all members of the
westside community. What is the next step following the discovery of a large variety of
pesticides in our keiki? When will this action take place? Who is responsible for the cost of
testing individuals?
If the data from large scale meta-analyses already exists. Why are we needing to wait for us
to replicate it? The medical community already has recommendations and concerns about
pesticides.
Can you share more about the concern about “chronic” cumulative exposures and what you
found on Kauai?
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What is required to be an indicator of a problem for community exposure?
When will the missing years of data on neighborhood specific cancer clusters and birth
defects be gathered and made available?
I was not aware that chlorine would be classified as a pesticide. I assume it is used in the
drinking water. Is this correct?
For the 5 elevated health concerns, why doesn’t the group also look at whether lifestyle or
diet might be contributing factors (for example with diabetes & obesity). Why only look at
pesticides? If you only test for pesticides, will results be “statistically significant”?
Will these recommended mandatory “medical checks” on applicators also collect blood or
other (urine?) samples for human data collection?
Conclusion of Health section is not correct. Conclusion: Kauai Health Data examined does
not show a causal relationship between pesticides used . . . and health problems. 1. In the
report it says the 2006-2008 Waimea Schools incident was not caused by “stinkweed” but
more likely result of pesticides exposure. People got sick and exposure did have health
problem & impact. 2. Report does not say what the “20” diseases they felt were pesticide
related. It says Kauai only had 5. 5 is enough to have an impact. The conclusion is not
correct that there are no causals. 3. Even though for some reason the report felt that
“cancer” and “infant mortality” was not part of the 20 it admits Waimea has the highest
rates of cancer and infant mortality which is a health relationship.
Dr. Evslin – Auditory discrimination for children vs. attention deficit disorder
Doctors should know the following: Health conditions in high levels(?) of significance like
obesity, diabetes, slow learning, and renal conditions are most likely to be caused by diet,
habits, no exercise, genetics, drugs, alcohol abuse, prescription drugs and low income plus
the high cost of living. Also slow learning could potentially be correlated to the high early
pregnancy rate of West Kauai. I believe this data is available but not used.
Please say more about elevated health conditions on Westside? Where is data? How can
these elevated conditions be further researched?
[Have there been any] testing of the keiki and adults on the Westside, hair samples and/or
urine testing for pesticides. This would fill the data gaps or harm
In Canada, a person can go to a hospital and have their blood tested for pesticides, for
glyphosate, etc. but this cannot be done in USA hospitals. I tried here on Kauai – Kauai
could lead the way in getting clinical labs in Wilcox to test our blood for the presence of
glyphosate, etc. Mahalo nui.
Re: Congenital birth defects facts not matching; the DOH has not kept accurate records or
reported statistics of congenital birth defects. If we don’t have facts on danger or safety, we
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should err on side of caution, stop till EIS or facts are clear! I request a ban and cease usage
of chemicals till deemed safe.
Isn’t it true that elevated numbers of school children with ADD and other developmental
issues is due to children with their special needs being bused to the west side for services,
even though they live elsewhere?
How large of a population is required to be “statistically significant”?
What does “tightening up” mean? Follow up processes/procedures/personnel
implemented

Report Recommendations

How would the recommendations, if carried out, be funded? Would the cost fall on us
taxpayers?
If it is found that there is a significant amount of pesticide drift and contamination by the
seed companies, will they be responsible for clean up and rehabilitation of those soils and
bodies of water?
How is the political “climate” for future budgets on the state level due to the financial
constraints presently, are there other possible funders?
If California already has the best monitoring and reporting system, why not use their
studies and findings rather than investing millions of taxpayer dollars to build facilities,
hire experts, conduct duplicate studies here on Kauai?
How many of the tests that you are recommending are already conducted in other locations
by the State or Federal government?
There is never enough data for certainty – if we are to be cautious, would we take steps
now to protect people? What would they be?
Thank you for your sound and well thought out recommendations you are to be
commended. Given that you don’t have statistically robust data (limited by best available
data), did you consider invoking the “precautionary principle”, that is erring on the side of
human health and conservation?
Was there any consideration of limiting amount of acreage use and/or amount of pesticides
applied until there is more conclusive findings?
Key recommendations section – clarify: for all pesticide users/applicators or targeting only
seed industry
Would the recommendations only apply to pesticide use by the seed companies? Or to all
users of pesticides, including fumigation companies and the County?
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If the majority of pesticides are used by other sources (75% according to the JFF), why are
only the seed companies targeted for regulations?
How would buffer zones work with fumigation companies?
What is needed to ensure better response practices to Waimea Middle School pesticide
incident?
The JFF round no statistically significant correlation between pesticide use and health or
environmental impacts. Why do you go on to recommend burdensome new regulations?
Why is it “clear” that more studies are needed?
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