November 6, 2015

Assistant Attorney General
U.S. Environmental and Natural Resources Division
DOJENRD
PO Box 7611
Washington, DC 20044-7611
Re:

Consent Decrees United States v. Mosaic Fertilizer, LLC
D.J. Ref. No. 907108388
Sent via email at: pubcomment-ees.enrd@usdoj.gov

Dear Assistant Attorney General:
PROPOSED SETTLEMENT WITH MOSAIC IS UNLAWFUL
The Areawide Environmental Impact Statement (AEIS), allegedly prepared by the US Army
Corps of Engineers (USCOE) and the US Environmental Protection Agency (USEPA), was
supposed to evaluate all of the adverse impacts from the proposed expansion of phosphate
mining in Florida. The Ecology Party of Florida (Ecology Party) submitted extensive comments
during the public comment period for the AEIS. Those comments included details of the failure of
the AEIS to address the adverse impacts related to the fertilizer produced by phosphate mining in
Florida.
None of those impacts was addressed in the draft or final AEIS. Therefore, 60-day notice letters
were submitted on behalf of the Ecology Party and others, requesting that a supplemental AEIS
be conducted to correct the gross deficiencies of the AEIS, including the failure to address all of
the adverse impacts related to the fertilizer produced by phosphate mining in Florida. A copy of
the revised 60-day notice letter for the AEIS is included as Attachment A.
No supplemental AEIS was conducted to address those inadequacies. Nevertheless, the EPA
negotiated a “settlement” behind closed doors, to address a few gross and far-reaching violations
associated with the fertilizer-related aspects of phosphate mining. That those fertilizer-related
violations were subject to a settlement, despite not having been included in the AEIS is proof that
the AEIS was not NEPA-compliant. In other words, the settlement of fertilizer-related harms not
included in the AEIS is, prima facie, evidence that the AEIS omitted cumulative effects of
phosphate mining, did not in fact, include very significant and costly effects of phosphate mining,
and, therefore, did not meet NEPA requirements. Egregiously, the settlement made NO
restrictions on the expansion of phosphate mining.
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The proposed “settlement” with Mosaic also disregards any of the myriad adverse impacts from
by-products of the mining, and processing of fertilizers: specifically, from harmful industrial wasteproducts (hydrofluosilicic acid) transported and sold throughout Florida and the US to be dumped
into municipal waters for fluoridation. Those impacts were also addressed in our previous
comments that were also ignored in the AEIS, further necessitating a supplemental AEIS that
would lawfully include ALL the cumulative impacts related to phosphate mining.
Consequently, the proposed settlement with Mosaic is not only unlawful (and those fertilizerrelated aspects of phosphate mining covered in the proposed settlement, as well as those not
included in the settlement, including fluoridation, should be addressed in a supplemental AEIS to
determine if any expansion of phosphate mining should be allowed), but the settlement is also
proof of the unlawfulness of the AEIS.
ADDITIONAL GENERAL COMMENTS
The Ecology Party includes members affected directly and indirectly by Mosaic’s extensive
violations and the failure of the agencies to enforce the federal laws that are being violated.
Clearly the number and magnitude of violations by Mosaic justify that all mining and processing
of phosphate rock should be halted until: 1) the supplemental AEIS has been completed; 2)
Mosaic has complied with all of the federal laws; and 3) independent monitoring of impacts to all
surface waters, ground waters, air quality and health impacts to humans and wildlife has been
conducted.
ADVERSE HEALTH AND ENVIRONMENTAL IMPACTS FROM PARTICULATES
Comprehensive, continuous monitoring should be instituted to determine the magnitude and
extent of adverse health and environmental impacts, such as those associated with particulate
matter (PM) from gyp stacks and from the un-stabilized mined moonscapes that result from
phosphate mining. An example of the PM “dust storms,” comparable to those from the Dust
Bowl Era, is shown in the following photograph taken by one of our members in the vicinity of the
family’s property, with the Four Corner phosphate mines in the background:
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Not only has the USEPA failed to force Mosaic to comply with the federal Clean Air Act regarding
PM (aka “dust), but our members also have filed complaints with the Florida Department of
Environmental Protection (FDEP), the State of Florida Health Department and the Environmental
Protection Agency of Hillsborough County, Florida for years regarding this serious health issue.
To date, no enforcement of these serious violations has occurred and the problems continue.
The State of Florida Health Department has confirmed that exposure to PM represents a health
threat, but this magnitude of PM pollution has continued unabated for years.
ADVERSE HEALTH AND ENVIRONMENTAL IMPACTS FROM AERIAL SPRAYING OF
TOXIC HERBICIDES
Recently we have discovered that Mosaic has been using helicopters to spray glyphosate on
mined land prior to reclamation. This was confirmed in an email from Mosaic’s Dee Allen to one
of our members on August 27, 2015. A copy of that email is included as Attachment B. The
“technical information” referenced by Ms. Allen in her email included no published scientific
studies regarding the adverse effects of glyphosate.
The spraying of glyphosate by helicopters over Mosaic mines in the north mining area of the Four
Corners mines has been observed and documented by two of our members. The local
Development of Regional Impact (DRI) 263 involves reclamation of 53,000 acres. Therefore, the
aerial assault by spraying glyphosate on this extensive mined area certainly is significant enough
that the action should have been made public during the AEIS so that the public could have
provided comments and the adverse impacts to humans, fish and wildlife and the environment
could have been evaluated.
It is important to note that this aerial spraying of glyphosate is occurring immediately adjacent to
private property of our members, including private property used for ranching. It also is important
to note that according to Mosaic’s representatives, glyphosate is being sprayed aerially to kill
“weeds” before mined areas are “reclaimed.”
We submitted documentation with our public comments in response to the AEIS, concluding that
the invasive “weeds” that are widespread on and surrounding phosphate-mined areas are the
result of irreversible alterations of the natural hydroperiods by the phosphate mining. Mosaic’s
admission of having to rely on aerial spraying of Round Up to suppress those “weeds” prior to
“reclamation” is further proof of the adverse impacts of the irreversible hydroperiod alterations that
were not addressed in the AEIS.
Glyphosate is a broad-spectrum herbicide used in more than 750 products, including Roundup.
That information was included in the published results of the meeting on March 2015 of 17
experts from 11 countries at the International Agency for Research on Cancer (IARC; Lyon,
France). The purpose of the meeting was to assess the carcinogenicity of glyphosate and the
organophosphate pesticides tetrachlorvinphos, parathion, malathion, and diazinon (Lancet Oncol
2015, Published Online March 20, 2015, http://dx.doi.org/10.1016/S1470-2045(15)70134-8). A
copy of that report is included with these comments as Attachment C.
The 17 experts in that meeting concluded that exposure of humans to glyphosate is associated
with non-Hodgkin lymphoma in the USA, Canada and Sweden, based on case-control analysis.
Additional experiments using laboratory animals revealed that glyphosate induced the incidence
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of a rare tumor, renal tubule carcinoma and increased pancreatic islet-cell adenoma. Glyphosate
also has been detected in the blood and urine of agricultural workers, indicating absorption of this
chemical. Glyphosate and glyphosate formulations induced DNA and chromosomal damage in
mammals, and in animal (including human) cells in vitro. Glyphosate degraged to
aminomethylphosphoric acid (AMPA) by soil microbes, as well as glyphosate and glyphosate
formulations all induced oxidative stress in rodents and in vitro. All of these results suggested
that glyphosate probably is “carcinogenic to humans.”
According to a “notice of intent” issued by the Cal/EPA’s California’s Office of Environmental
Health Hazard Assessment (OEHHA) in early September, glyphosate will be added to the
published list of chemicals known to cause cancer or birth defects or other reproductive harm. It
appears that California will be the first state in the US to make this determination about
glyphosate. In June of this year, France banned the sale of Roundup in garden centers because
of concerns over toxicity. Many years of scientific research have linked Roundup (with glyphosate
as the active ingredient) to a slew of health and environmental problems, as well as to the record
decline of monarch butterflies (http://ecowatch.com/2015/09/08/california-becomes-first-state-tolabel-monsantos-roundup-as-a-carcinogen/).
The AEIS did not reveal that glyphosate was being used in routine aerial spraying of mined
areas, and that use, with its inevitable consequences, rightfully should have been included and
analyzed in the AEIS as one of the cumulative adverse effects of phosphate mining. The topic
(along with any information about harms from exposure to glyphosate) was not included and that
is yet another glaring flaw of the AEIS. The fact is human case-control studies were conducted
during 2000, approximately a decade before the AEIS was released, so the omission is
inexcusable. The USEPA concluded in 1993 that if glyphosate reaches surface water, it is not
broken down readily by water or sunlight, yet the USEPA apparently failed to consider any
adverse impacts specifically based on Florida’s environment and sandy soils (Registration
Decision Fact Sheet for Glyphosate (EPA-738-F-93-011)" (PDF). R.E.D. FACTS. United States
Environmental Protection Agency, 1993). These gross inadequacies are inexcusable considering
that the USEPA shared responsibility with the USCOE for the AEIS on proposed expansion of
phosphate mining.
Lest it be suggested that using atrazine in place of glyphosate is an alternative, then the required
supplemental AEIS would demand inclusion of atrazine toxicity as one of the cumulative effects
of phosphate mining. As of 2014, atrazine was the second-most widely used herbicide after
glyphosate in the US. It is not a viable alternative to glyphosate because in 2007, the USEPA
determined that current studies suggest atrazine is an endocrine disruptor. Additionally, atrazine
contaminates ground water. In fact, in 2012, Syngenta (manufacturer of atrazine) was the
defendant in a class-action lawsuit concerning the levels of atrazine in human water supplies.
Syngenta agreed to pay $105 million to reimburse more than one thousand water systems for
"the cost of filtering atrazine from drinking water ("A Valuable Reputation: Tyrone Hayes said that
a chemical was harmful, its maker pursued him"
(http://www.newyorker.com/reporting/2014/02/10/140210fa_fact_aviv?currentPage=all) by
Rachel Aviv, The New Yorker, 10 February 2014)).
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The European Union (EU) banned the use of atrazine in 2004, when the EU found groundwater
levels exceeding the limits set by regulators, and Syngenta could neither show that this could be
prevented nor that the levels in the ground water were safe (European Commission.
2004/248/EC). Despite these facts, the USEPA still allows the use of atrazine in the US and has
made no attempt to evaluate groundwater contamination by glyphosate or the impacts of
humans, wildlife, and fish from the aerial spraying of glyphosate by Mosaic at phosphate mining
sites. No matter the herbicide(s) used in phosphate mining, the AEIS must include its harm as
one of the cumulative effects in the AEIS and the current AEIS did not.
ADDITIONAL EVIDENCE OF IRREVERSIBLE ALTERATIONS OF NATURAL
HYDROPERIODS AND DEGRADATION OF PRIVATE PROPERTY
Additional evidence of the irreversible alteration of natural hydroperiods from phosphate mining
and the fallacy of “augmentation” (e.g., (Water Use Permit (WUP) 13228.002, Alafia River
Augmentation/Exchange Project) can be seen in the following photograph of the Little Manatee
River completely dewatered in 2012, as well as the springs, creeks and shallow wells on private
property of our members that have been dewatered:

As a result of the inadequacies described above, we have members whose private property has
been degraded significantly by Mosaic’s phosphate mining. Examples of that degradation
include the loss of spring flow and ground water from private wells, in addition to loss of flow in
creeks and rivers, which were Waters of the US.
A specific example of the altered hydroperiods/water levels and harm to private properties is the
wells on the Killebrew ranch that Mosaic tested in 2009 after mining extensively south of that
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private property and subsequently mining thousands of acres north of the Killebrew ranch.
Results from one of those wells tested during 2009 showed levels of radiation at the high end of
the normal range for radiation. The recommendation was to close that well due to high levels of
radiation. That well, combined with surface water no longer available due to phosphate mining,
provided water used on the Killebrew ranch for cattle and farming. The mining associated with
the Killebrew ranch involved approximately 53,000 acres of mining, with pits more than 70 feetdeep, under one DRI and future mining under additional DRIs involving many more thousands of
acres. This category of adverse impacts by Mosaic’s phosphate mining and processing
was not addressed in the AEIS or in this proposed “settlement” with Mosaic.
ADVERSE IMPACTS TO PERSONAL HEALTH
The Killebrew ranch, referenced above, pre-dated the advent of phosphate mining in that area.
Since the onset of phosphate mining, the Killebrew family has suffered a litany of ills, including
but not limited to thyroid problems, chronic obstructive pulmonary disease (COPD) and seizures.
Four members of the family suffer from COPD (including level 4 COPD) and five family members
have thyroid problems, including grandchildren as young as thirteen years old. One grandchild
suffers from seizures. Two family members have skeletal problems. Another son suffers from
early onset Multiple System Atrophy (MSA) Parkinsons. His neurologist informed him that
contaminated well water is a common denominator among those with this type of Parkinsons.
High radiation levels in wells, in addition to contamination by glyphosate both could be factors in
these illnesses in this family and countless other families in the vicinity of Mosaics phosphate
mining and processing facilities. The constant assault from excessive PM levels clearly results in
a health threat that permeates those private properties and homes.
RECOMMENDATIONS
1. The proposed “settlement” with Mosaic is unlawful and should be considered null and void.
2. The proposed “settlement” should be seen for what it is: evidence that a
supplemental AEIS is required.
3. All phosphate mining and processing in southern Florida that was not initiated prior
to the initiation of the AEIS should halted until:
a. the previously requested Supplemental AEIS is completed to address all of the deficiencies
described in this letter and in our previous 60-day notice letters related to the deficiencies of the
AEIS;
b. a procedure is implemented to enclose all PM matter generated by the phosphate mining
and processing to the footprint of the mining and processing;
c. all “variances” to phosphate mining and processing permits (e.g., restoring pre-mining
contours and maintaining pre-mining groundwater levels) granted by FDEP and the water
management district that alter requirements to original permits and federal laws be declared null
and void, and compliance with those permits and laws be completed;
d. the Corps’ grossly inadequate groundwater model for southern Florida is replaced by a
groundwater model that incorporates at least all of the previously mapped fractures throughout
southern Florida; and
e. restitution is made, in full, to all of the individuals for personal and private-property harm and
for all of the environmental harm.
6

641 SW 6th Avenue, Fort Lauderdale, FL 33315

4. All applications of glyphosate and other herbicides should be prohibited from all mine sites,
including “reclaimed” mine sites, regardless of the ownership and management of currently or
previously mined sites to determine a more realistic magnitude and extent of groundwater
impacts associated with existing and proposed phosphate mining, beyond the “650 feet
maximum range” from the footprint of the mines.
Sincerely,

Cara L. Campbell, Chair
chair@ecologyparty.org
Attachments:
A. 60-day notice letter
B. email confirming routine aerial spraying of Round Up by Mosaic
C. 3/15 report on glyphosate and organophosphate pesticides by 17 experts from 11 countries
at the International Agency for Research on Cancer
cc:
Lt. General Thomas Bostick, USCOE Chief (hq-publicaffairs@usace.army.mil)
Gina McCarthy, USEPA Administrator (McCarthy.Gina@epa.gov)
Sally Jewell, USDOI Secretary (SallyJewell@ios.doi.gov)
Cindy Dohner, US Fish & Wildlife Service Region 4 Director (Cynthia_Dohner@fws.gov)
Daniel Ashe, USFWS Director (Dan_Ashe@fws.gov)
Dr. Kathryn Sullivan, NOAA Under Secretary (Kathryn.Sullivan@noaa.gov)
Heather McTeer Toney, USEPA Region 4 Administrator (McTeerToney.Heather@epa.gov)
Heinz Mueller, USEPA Region 4 Chief, NEPA Program Office (Mueller.Heinz@epa.gov)
Arturo E. Torres, Chief Hydrologic Investigations Section, Tampa USGS (aetorres@usgs.gov)
Terrie Lee, Florida Water Science Center, Tampa USGS (tmlee@usgs.gov)
Miles M. Croom, NOAA Asst. Regional Admin. Habitat Conservation Div. (Miles.Croom@noaa.gov)
Mark Sramek, NOAA Habitat Conservation Division (Mark.Sramek@noaa.gov)
Jaclyn Lopez, Center for Biological Diversity (jlopez@biologicaldiversity.org)
Glenn Compton, ManaSota-88 (ManaSota88@comcast.net)
John Rehill, Bradenton Times (john.rehill@thebradentontimes.com)
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From: Allen, Deedra M FishHawk
< Deedra.Allen@mosaicco.com >
Date: Thursday, August 27, 2015
Subject: RE: helicopters and MU 19?
To: tiff313 < tiff313@aol.com >
Hi Norma
This is what I found out:
The aerial herbicide applied yesterday morning in MU 19 was a glyphosate based
herbicide (glyphosate is the active chemical in Roundup).
This application was made to eliminate unwanted vegetation in preparation for
reclamation planting. The spraying was complete by approximately 8:45 am. The area
did not receive rain until the afternoon, such that it would have had time to dry. The
aerial treatment was completed yesterday, so the helicopter is not scheduled to be
back. Runoff from the treated area is directed to a sump, such that if any of this material
was in the runoff, it would have been prevented from reaching areas south of SR 674.
Attached is a Fact Sheet about glyphosate published by the National Pesticide
Information Center (NPIC) which provides technical information on herbicides,
pesticides and insecticides. The NPIC describes their mission as:
The NPIC provides objective, sciencebased information about pesticides and
pesticiderelated topics to enable people to make informed decisions. NPIC operates
under a cooperative agreement between Oregon State University and the U.S.
Environmental Protection Agency.
This fact sheet indicates glyphosate binds tightly to soil, does not pose a threat to
groundwater and has low toxicity to fish and wildlife, even if carried in sediment to
surface water bodies.
Hopefully this addresses your concerns.
Dee
Deedra Allen, P.E., J.D. | Sr. Manager – Regulatory Affairs | FishHawk Office
The Mosaic Company | 13830 Circa Crossing Drive | Lithia, Florida 33547
P: 8135006914 <tel:8135006914>
| C: 8638601038 <tel:8638601038>
| E: deedra.allen@mosaicco.com W: www.mosaicco.com <http://www.mosaicco.com>
From: tiff313@aol.com [ mailto:tiff313@aol.com ]
Sent: Thursday, August 27, 2015 10:02 AM
To: Allen, Deedra M FishHawk
Subject: helicopters and MU 19?
Ms. Allen,
We have observed helicopters utilizing airspace over the property immediately north of
St. Rd. 674 and our place...known as MU 19...think FSCO MU 19 or immediately
adjacent. We are concerned as to what these helicopters are spraying on that portion of
Mosaic's property. We have observed that the helicopters are flying quite low to the
ground, I would guess to minimize the "drift" of the spray. If so, we appreciate that as
"drift" from pesticides have an extended reach according to research. It is with this in
mind, we would appreciate knowing the type of pesticide/defoliant? or

fertilizer? that is being sprayed. As you are aware, Santa Sweets, aka AgMart occupied
that area prior to Mosaic's mining and dumped both fertilizers and defoliants/pesticides
with abandon.
Using your engineering skills, We are sure that you are aware that the topography
slopes downward across both Mosaic property and ours toward what remains of the
Little Manatee River...believe that in digging terminology that is called "flood plain." Of
course the flood plain does not extend to the area just north of 674, but allows one to
"see" the downward slope.
We are also concerned about whatever being sprayed may soak down into water
sources and contaminate what wells we have left since hardpan has been removed
from the adjacent property and reclamation does not "restore" hardpan or karsts
features.
That being said, we are concerned about the heavy spraying observed August 26,
2015, of that portion immediately north of our property. We are concerned as to what is
being sprayed...observed numerous trips to refuel? or gather more spray from a tanker
and subsequent frequent spraying. The weather became stormy yesterday and we
received quite a flood of water exiting from Mosaic property (MU 19) and are concerned
not so much with drift as with what chemicals are exiting Mosaic property and flooding
both our property and the remains of the Little Manatee River.
Could you enlighten us as adjacent property owners as to what Mosaic is spraying
across from our property? We hold our lives and our children's lives with care and
concern.
Thank you,
Norma and John Killebrew
8136342634 <tel:8136342634>

News

Carcinogenicity of tetrachlorvinphos, parathion, malathion,
diazinon, and glyphosate
In March, 2015, 17 experts from
11 countries met at the International
Agency for Research on Cancer (IARC;
Lyon, France) to assess the carcinogenicity of the organophosphate
pesticides tetrachlorvinphos, parathion,
malathion, diazinon, and glyphosate
(table). These assessments will be
published as volume 112 of the IARC
Monographs.1
The insecticides tetrachlorvinphos
and parathion were classiﬁed as
“possibly carcinogenic to humans”
(Group 2B). The evidence from human
studies was scarce and considered
inadequate. Tetrachlorvinphos induced
hepatocellular tumours (benign or
malignant) in mice, renal tubule
tumours (benign or malignant) in
male mice,2 and spleen haemangioma
in male rats. Tetrachlorvinphos is
a reactive oxon with aﬃnity for
esterases. In experimental animals,
tetrachlorvinphos is systemically
distributed,
metabolised,
and
eliminated in urine. Although bacterial
mutagenesis tests were negative,
tetrachlorvinphos induced genotoxicity
in some assays (chromosomal damage
in rats and in vitro) and increased
cell proliferation (hyperplasia in
rodents). Tetrachlorvinphos is banned
in the European Union. In the USA,
it continues to be used on animals,
including in pet ﬂea collars.
For parathion, associations with
cancers in several tissues were observed
in occupational studies, but the
evidence in humans remains sparse. In
mice, parathion increased bronchioloalveolar adenoma and/or carcinoma
in males, and lymphoma in females. In
rats, parathion induced adrenal cortical
adenoma or carcinoma (combined),3
malignant pancreatic tumours, and
thyroid follicular cell adenoma in males,
and mammary gland adenocarcinoma
(after subcutaneous injection in
females).4 Parathion is rapidly absorbed
and distributed. Parathion metabolism

to the bioactive metabolite, paraoxon,
is similar across species. Although
bacterial mutagenesis tests were
negative, parathion induced DNA and
chromosomal damage in human cells
in vitro. Parathion markedly increased
rat mammary gland terminal end
bud density.4 Parathion use has been
severely restricted since the 1980s.
The insecticides malathion and
diazinon were classiﬁed as “probably
carcinogenic to humans” (Group 2A).
Malathion is used in agriculture, public
health, and residential insect control. It
continues to be produced in substantial
volumes throughout the world. There
is limited evidence in humans for the
carcinogenicity of malathion. Casecontrol analyses of occupational
exposures reported positive associations with non-Hodgkin lymphoma
in the USA,5 Canada,6 and Sweden,7
although no increased risk of nonHodgkin lymphoma was observed in
the large Agricultural Health Study
cohort (AHS). Occupational use was
associated with an increased risk
of prostate cancer in a Canadian
case-control study8 and in the AHS,
which reported a signiﬁcant trend for
Activity (current status)

aggressive cancers after adjustment for
other pesticides.9 In mice, malathion
increased hepatocellular adenoma
or carcinoma (combined).10 In rats,
it increased thyroid carcinoma in
males, hepatocellular adenoma or
carcinoma (combined) in females,
and mammary gland adenocarcinoma
after subcutaneous injection in
females.4 Malathion is rapidly absorbed
and distributed. Metabolism to the
bioactive metabolite, malaoxon,
is similar across species. Malaoxon
strongly inhibits esterases; atropine
reduced carcinogenesis-related eﬀects
in one study.4 Malathion induced DNA
and chromosomal damage in humans,
corroborated by studies in animals and
in vitro. Bacterial mutagenesis tests
were negative. Compelling evidence
supported disruption of hormone
pathways. Hormonal eﬀects probably
mediate rodent thyroid and mammary
gland proliferation.
Diazinon has been applied in
agriculture and for control of home
and garden insects. There was limited
evidence for diazinon carcinogenicity
in humans. Positive associations
for non-Hodgkin lymphoma, with

Lancet Oncol 2015
Published Online
March 20, 2015
http://dx.doi.org/10.1016/
S1470-2045(15)70134-8
For more on the IARC
Monographs see http://
monographs.iarc.fr
Upcoming meetings
June 2–9, 2015, Volume 113:
Some organochlorine
insecticides and some
chlorphenoxy herbicides
Oct 6–13, 2015, Volume 114:
Red meat and processed meat
Monograph Working Group
Members
A Blair (USA)—Meeting Chair;
L Fritschi (Australia);
J McLaughlin; C M Sergi (Canada);
G M Calaf (Chile); F Le Curieux
(Finland); I Baldi (France);
F Forastiere (Italy); H Kromhout
(Netherlands); A ‘t Mannetje
(New Zealand); T Rodriguez
[unable to attend] (Nicaragua);
P Egeghy [unable to attend],

Evidence in humans Evidence Mechanistic evidence
(cancer sites)
in animals

Classiﬁcation*

Tetrachlorvinphos Insecticide (restricted in
the EU and for most uses
in the USA)

Inadequate

Suﬃcient

··

2B

Parathion

Insecticide (restricted in
the USA and EU)

Inadequate

Suﬃcient

··

2B

Malathion

Insecticide (currently
used; high production
volume chemical)

Suﬃcient
Limited (nonHodgkin lymphoma,
prostate)

2A†
Genotoxicity, oxidative stress,
inﬂammation, receptor-mediated
eﬀects, and cell proliferation or death

Diazinon

Insecticide (restricted in
the USA and EU)

Limited
Limited (nonHodgkin lymphoma,
leukaemia, lung)

Genotoxicity and oxidative stress

2A†

Glyphosate

Suﬃcient
Herbicide (currently used; Limited (nonhighest global production Hodgkin lymphoma)
volume herbicide)

Genotoxicity and oxidative stress

2A†

EU=European Union. *See the International Agency for Research on Cancer (IARC) preamble for explanation of classiﬁcation system (amended
January, 2006). †The 2A classiﬁcation of diazinon was based on limited evidence of carcinogenicity in humans and experimental animals, and strong
mechanistic evidence; for malathion and glyphosate, the mechanistic evidence provided independent support of the 2A classiﬁcation based on
evidence of carcinogenicity in humans and experimental animals.

Table: IARC classiﬁcation of some organophosphate pesticides
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G D Jahnke; C W Jameson;
M T Martin; M K Ross; I Rusyn;
L Zeise (USA)
Invited Specialists
C Portier (Switzerland)
Representatives
M E Gouze, for the French
Agency for Food, Environment
and Occupational Health and
Safety (France); J Rowland, for
the US Environmental Protection
Agency (USA)
Observers
M K Boye Jensen, for Cheminova
(Denmark); B Fervers, for the
Léon Bérard Centre (France);
E Giroux, for University
Jean-Moulin Lyon 3 (France);
T Sorahan, for Monsanto
Company (USA); C Strupp, for
the European Crop Protection
Association (Belgium); P Sutton,
for the University of California,
San Francisco (USA)
IARC/WHO Secretariat
L Benbrahim-Tallaa; R Carel;
F El Ghissassi; Sonia El-Zaemey;
Y Grosse; N Guha; K Z Guyton;
C Le Cornet; M Leon; D Loomis;
H Mattock; C Scoccianti;
A Shapiro; K Straif; J Zavadil
For the Preamble to the IARC
Monographs see http://
monographs.iarc.fr/ENG/
Preamble/index.php
For declarations of interests see
http://monographs.iarc.fr/ENG/
Meetings/vol112-participants.
pdf
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indications of exposure–response
trends, were reported by two large
multicentre case-control studies of
occupational exposures.5,6 The AHS
reported positive associations with
speciﬁc subtypes, which persisted
after adjustment for other pesticides,
but no overall increased risk of nonHodgkin lymphoma.11 Support for an
increased risk of leukaemia in the AHS
was strengthened by a monotonic
increase in risk with cumulative
diazinon exposure after adjustment
for other pesticides. Multiple updates
from the AHS consistently showed an
increased risk of lung cancer with an
exposure–response association that
was not explained by confounding by
other pesticides, smoking, or other
established lung cancer risk factors.12
Nonetheless, this ﬁnding was not
replicated in other populations. In
rodents, diazinon increased hepatocellular carcinoma in mice and
leukaemia or lymphoma (combined)
in rats, but only in males receiving
the low dose in each study. Diazinon
induced DNA or chromosomal
damage in rodents and in human
and mammalian cells in vitro. Some
additional support for human
relevance was provided by a positive
study of a small number of volunteers
exposed to a diazinon formulation.13
Glyphosate is a broad-spectrum
herbicide, currently with the highest
production volumes of all herbicides.
It is used in more than 750 diﬀerent
products for agriculture, forestry,
urban, and home applications. Its
use has increased sharply with the
development of genetically modiﬁed
glyphosate-resistant crop varieties.
Glyphosate has been detected in air
during spraying, in water, and in food.
There was limited evidence in humans
for the carcinogenicity of glyphosate.
Case-control studies of occupational
exposure in the USA,14 Canada,6 and
Sweden7 reported increased risks
for non-Hodgkin lymphoma that
persisted after adjustment for other
pesticides. The AHS cohort did not
show a signiﬁcantly increased risk

of non-Hodgkin lymphoma. In male
CD-1 mice, glyphosate induced a
positive trend in the incidence of a
rare tumour, renal tubule carcinoma. A
second study reported a positive trend
for haemangiosarcoma in male mice.15
Glyphosate increased pancreatic
islet-cell adenoma in male rats in two
studies. A glyphosate formulation
promoted skin tumours in an
initiation-promotion study in mice.
Glyphosate has been detected in
the blood and urine of agricultural
workers,
indicating
absorption.
Soil microbes degrade glyphosate
to aminomethylphosphoric acid
(AMPA). Blood AMPA detection
after poisonings suggests intestinal
microbial metabolism in humans.
Glyphosate and glyphosate formulations induced DNA and chromosomal
damage in mammals, and in human
and animal cells in vitro. One study
reported increases in blood markers of
chromosomal damage (micronuclei) in
residents of several communities after
spraying of glyphosate formulations.16
Bacterial mutagenesis tests were
negative. Glyphosate, glyphosate
formulations, and AMPA induced
oxidative stress in rodents and in
vitro. The Working Group classiﬁed
glyphosate as “probably carcinogenic
to humans” (Group 2A).
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