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308/2E
20 September 2011


Ms. Cynthia Oshita
Office of Environmental Health Hazard Assessment
P.O. Box 4010, MS-19B
1001 I Street
Sacramento, California 95812-4010
coshita@oehha.ca.gov.


Prioritization: Chemicals For Consultation By The Carcinogen Identification Committee


Dear Ms. Oshita;


Dow AgroSciences is pleased to submit comments to the Proposition 65 Cancer Identification Committee (CIC) on
whether a high priority for preparation of hazard identification materials and future consideration
justified for benfluralin (benefin).


Although benfluralin is a dinitroanaline (DNA) compound
compounds separately rather than as a group
consider the carcinogenic potential of stru
recent decisions by the EPA where these potential cumulative impacts have been considered, the EPA has concluded
that DNA compounds should be considered separately, not cumulatively, rega


There is overwhelming weight of evidence from animal studies combined with mechanistic data that clearly fail to
support the listing of benfluralin under proposition 65 as a carcinogen.
sexes. Liver and thyroid follicular cell tumo
was a clear exceedance of the MTD. The results of the mechanistic study demonstrates that benflu
mode of action that are not relevant to humans, do not pose a cancer risk to humans, and should not be proposed to
be listed under proposition 65 as human carcinogen.
assessment.


Enclosed please find the following comments for
 Dow AgroSciences’ Comments on CIC’s Prioritization of


Carcinogen. S. Papineni. 20 September 2011.


Thank you for your consideration of


Brian L. Bret


Brian L. Bret, Ph.D.
Regulatory Manager
(916) 780-7477
blbret@dow.com


Dow AgroSciences LLC
Regulatory Success Americas
9330 Zionsville Road, Bldg 308/2E
Indianapolis, Indiana 46268


Office of Environmental Health Hazard Assessment


4010


Prioritization: Chemicals For Consultation By The Carcinogen Identification Committee


eased to submit comments to the Proposition 65 Cancer Identification Committee (CIC) on
whether a high priority for preparation of hazard identification materials and future consideration


benfluralin is a dinitroanaline (DNA) compound, we request that the CIC consider and prioritize the
compounds separately rather than as a group. As required under federal law, the US EPA evaluate
consider the carcinogenic potential of structurally similar compounds as cumulative (related). Accordingly, in
recent decisions by the EPA where these potential cumulative impacts have been considered, the EPA has concluded


compounds should be considered separately, not cumulatively, regarding their carcinogenic potential.


There is overwhelming weight of evidence from animal studies combined with mechanistic data that clearly fail to
support the listing of benfluralin under proposition 65 as a carcinogen. Studies were equivocal across


nd thyroid follicular cell tumors in male F344 rats were observed only at the higher doses where there
was a clear exceedance of the MTD. The results of the mechanistic study demonstrates that benflu


not relevant to humans, do not pose a cancer risk to humans, and should not be proposed to
be listed under proposition 65 as human carcinogen. Thus benfluralin would not qualify as a high priority for cancer


Enclosed please find the following comments for benfluralin:
Comments on CIC’s Prioritization of Benfluralin for Listing


Papineni. 20 September 2011. 4 pp.


Thank you for your consideration of these comments.


Prioritization: Chemicals For Consultation By The Carcinogen Identification Committee - Benfluralin


eased to submit comments to the Proposition 65 Cancer Identification Committee (CIC) on
whether a high priority for preparation of hazard identification materials and future consideration as a carcinogen is
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As required under federal law, the US EPA evaluates whether to


cturally similar compounds as cumulative (related). Accordingly, in
recent decisions by the EPA where these potential cumulative impacts have been considered, the EPA has concluded


rding their carcinogenic potential.


There is overwhelming weight of evidence from animal studies combined with mechanistic data that clearly fail to
Studies were equivocal across species and


rs in male F344 rats were observed only at the higher doses where there
was a clear exceedance of the MTD. The results of the mechanistic study demonstrates that benfluralin acts through


not relevant to humans, do not pose a cancer risk to humans, and should not be proposed to
Thus benfluralin would not qualify as a high priority for cancer


fluralin for Listing Under Proposition 65 as a
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Dow AgroSciences’ Comments on CIC’s Prioritization of
Benfluralin for Listing Under Proposition 65 as a Carcinogen


S. Papineni, DVM, PhD


September 20, 2011


Summary:


Dow AgroSciences, as the lead registrant for benfluralin, is pleased to provide the Carcinogen
Identification Committee (CIC) with our comments to assist in your process of prioritizing these
chemicals for future consideration under Proposition 65. Our comments are summarized as
follows:


Benfluralin has a complete toxicology data set as required for a pesticide registration under 40
CFR Part 158. There is overwhelming evidence from animal research including mechanism of
action studies to demonstrate that trifluralin has not been “..clearly shown through scientifically
valid testing according to generally accepted principles to cause cancer” as stated by The Safe
Drinking Water and Toxic Enforcement Act of 1986.


Therefore, we believe that benfluralin takes a “low” priority for future consideration of listing
under Proposition 65.


Carcinogenic potential of Benfluralin:


Two long-term studies were conducted in rodents to evaluate the carcinogenicity potential of
benfluralin. Liver (males only) and thyroid tumors (females and males) were identified in the rat
study (1) and a border line increase in liver tumors were observed in female mice only (2).


US EPA memo 2004 (3)


Benfluralin has been assessed extensively by CARC in 2004 and was classified into the
category “suggestive evidence of carcinogenicity, but not sufficient to assess human
carcinogenic potential”. (emphasis added)


Thus, US EPA concurs that benfluralin is not “known to be” or “probable” carcinogenic in
humans and indicated the compound to be a low level of concern, fully consistent with our
summary, and consistent with all other authorities that have assessed the potential
carcinogenicity of benfluralin.
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European Food Safety Authority (EFSA): Conclusion on the peer review of benfluralin
(2008) (4):


EFSA provided its conclusion regarding the peer review of the pesticide risk assessment of the
active substance benfluralin on 03 March, 2008 and indicating the following with regards to its
carcinogenicity potential:


“Based on rats’ thyroid tumours and liver tumours observed in both rats and mice, a
classification as category 3 carcinogen is proposed for benfluralin leading to the
following symbol and risk phrase:Xn; R40 “limited evidence of a carcinogenic effect”.


Thus, EFSA concurs with the USEPA’s evaluation of benfluralin carcinogenicity by giving it a
lowest level of cancer classification a molecule can obtain. Additional mode of action (MOA)
data as discussed in detail above was generated after USEPA and EFSA’s review which clearly
demonstrates the human non-relevance of the thyroid and liver tumors observed and thus was not
a part of their assessment.


Scientific rationale combined with the mechanistic data to demonstrate the non-relevance
of these tumors to humans as discussed below:


1) The liver and thyroid tumors in rat study were identified only at the two highest doses.
However, these doses were considered excessive by Cancer Assessment Review
Committee (CARC), the USEPA review committee and no tumors were observed at
lower doses, which were considered adequate for cancer testing. As per the agency this
study contributes little to the overall weight of evidence for a positive finding of
carcinogenicity for benfluralin.


2) Female mice had a borderline statistically significant increase in liver tumors at doses that
were adequate. No tumors were seen in the male mice. If there is an effect, it is marginal and
only seen at the high-dose and accompanied by increased liver weight and hyperplasia,
which are consistent with a phenobarbital-mediated MOA, which is a mechanism
demonstrated as non-relevant to humans (5).


3) There was a lack of carcinogenic potential in rats, a lack of mutagenic potential in a
battery of tests (2).


4) In addition Dow AgroSciences conducted a mechanistic study (6) which clearly
demonstrates the non relevance of these tumors to humans as detailed in the following
sections. The results of this mechanistic study demonstrate that benfluralin acts through a
phenobarbital-like MOA CAR-mediated for the liver (6,7), and UGT-mediated for the
thyroid (6,7). Identification of the early CAR-mediated and UGT-mediated key events at
the carcinogenic dose, 5000 ppm, demonstrate that the liver and thyroid tumors seen in F344
rats after chronic exposure are not considered relevant to humans due to quantitative and
qualitative differences. Detailed discussion is provided in the following sections.
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Human Relevance Framework for the Mode of Action:


Liver Tumours: Phenobarbital (CAR) MOA (6,7):


The proposed MOA for the benfluralin-induced liver tumors in male F344 rats is phenobarbital-
like (CAR) mediated. The data demonstrated that the carcinogenic dose of 5000 ppm triggered
the key events for this MOA as follows:


 CAR activation as demonstrated by increased Cyp2b1 and Cyp2b3 expression
 increased PROD
 increased liver weight
 increased hypertrophy and increased cell proliferation
 preneoplastic hepatocytes and liver tumors reported in the chronic rat study (2).


Thyroid Tumours: UGT-Mediated Thyroid Tumor MOA (6,7):


The proposed MOA for the benfluralin-induced thyroid tumours in male F344 rats is UGT-
mediated (4). The data demonstrated that the carcinogenic dose of 5000 ppm triggered the key
events for this MOA. These key events occur readily in rats (especially males), but not in
humans because of the presence of the thyroxine-binding globulin (TBG) protein (not present in
rats) that prevents the excretion of thyroid hormones (8).


The responses observed in the study support CAR- and UGT-mediated MOAs for the observed
benfluralin-induced liver and thyroid tumors, respectively, both of which have little to no
relevance to humans.


Conclusion:


The existing database on the potential carcinogenicity of benfluralin, and its relevance to humans
is robust. The mode of action of the thyroid tumors is rodent-specific and liver tumors is related
to phenobarbital-like mode of action; and are not considered to be relevant to humans. Thus
benfluralin should be of a “low priority” for future consideration and an evaluation by the CIC
under Proposition 65’s clearly shown standard would come to the same conclusion.


References:


1. Moore, M. R. (1996). Benefin: two-year dietary chronic toxicity/oncogenicity study in


Fischer rats. Report of Toxicology and Environmental Research and Consulting,
The Dow Chemical Company, Midland, Michigan.


2 EPA: Reregistration Eligibility Decision for benfluralin. EPA 738-R-04-012., July 2004.
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3 U.S. EPA (2003a). Memorandum (dated April 3, 2003). Benfluralin: Third Report of the
Hazard Identification Assessment Review Committee. Office of Prevention, Pesticides
and Toxic Substances, Health Effects Division. Washington, DC.


4 EFSA (2008): Conclusion regarding the peer review of the pesticide risk assessment of
the active substance Benfluralin. EFSA Scientific report.127,1-82,


5 Holsapple, M. P., Pitot, H. C., Cohen, S. M., Boobis, A. R., Klaunig, J. E., Pastoor,
T.,Dellarco, V. L., and Dragan, Y. P. (2006). Mode of action in relevance of rodent liver
tumors in human cancer risk. Tox. Sci. 89:51-56.


6 Stagg et al., 2010. Evaluation of the mode of action (MOA) for liver and thyroid tumors
in male F344/DUCRL rats with benfluralin. Poster presented at Society of Toxicology,
Baltimore, WA, March 2010. (Published Abstract).


7 Geter, D.R., Murray, J.A. , Kan, H.L., LeBaron, M.J., Thomas J. (2010) Benfluralin:
profiling benfluralin-induced molecular, cellular, and biochemical changes in male
F344/DuCrl Rats. Dow AgroSciences, LLC unpublished report: study ID # 090246.


8 Curran, P. G. and DeGroot, L. J. (1991). The effect of hepatic enzyme-inducing drugs on


thyroid hormones and the thyroid gland. Endocr. Rev. 12:135-150.
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Ms. Cynthia Oshita
Office of Environmental Health Hazard Assessment
P.O. Box 4010, MS-19B
1001 I Street
Sacramento, California 95812-4010
coshita@oehha.ca.gov.


Prioritization: Chemicals For Consultation By The Carcinogen Identification Committee


Dear Ms. Oshita;


Dow AgroSciences is pleased to submit comments to the Proposition 65 Cancer Identification Committee (CIC) on
whether a high priority for preparation of hazard identification materials and future consideration
justified for ethalfluralin.


Although ethalfluralin is a dinitroanaline
active ingredients separately rather than as a group
whether to consider the carcinogenic pot
Accordingly, in recent decisions by the EPA where these potential cumulative impacts have been considered, the
EPA has concluded that DNA compounds should be considered separately, not cumu
carcinogenic potential.


All the information available from animal research demonstrates that ethalfluralin has not been “…
through scientifically valid testing according to generally accepted principles to cause ca
Safe Drinking Water and Toxic Enforcement Act of 1986
male or female mouse studies or in male rat
spontaneous, strain and species specific, high control incidence
Ethalfluralin is not mutagenic. Therefore, ethalfluralin
of listing under Proposition 65.


Enclosed please find the following comments for
 Dow AgroSciences’ Comments on CIC’s Prioritization of Ethalfluralin for Listing


a Carcinogen. S. Papineni. 20 September 2011.


Thank you for your consideration of


Brian L. Bret


Brian L. Bret, Ph.D.
Regulatory Manager
(916) 780-7477
blbret@dow.com


Dow AgroSciences LLC
Regulatory Success Americas
9330 Zionsville Road, Bldg 308/2E
Indianapolis, Indiana 46268


Office of Environmental Health Hazard Assessment


4010


Prioritization: Chemicals For Consultation By The Carcinogen Identification Committee


pleased to submit comments to the Proposition 65 Cancer Identification Committee (CIC) on
whether a high priority for preparation of hazard identification materials and future consideration


dinitroanaline (DNA) compounds, we request that the CIC consider and prioritize these
separately rather than as a group. As required under federal law, the US EPA has evaluated


whether to consider the carcinogenic potential of structurally similar compounds as cumulative (related).
Accordingly, in recent decisions by the EPA where these potential cumulative impacts have been considered, the


compounds should be considered separately, not cumulatively, regarding their


All the information available from animal research demonstrates that ethalfluralin has not been “…
through scientifically valid testing according to generally accepted principles to cause ca


d Toxic Enforcement Act of 1986. There were no treatment related effects in
male rats. Mammary tumors were seen only in female rats,


ecific, high control incidence with no biological significance to humans.
Therefore, ethalfluralin would not qualify for a high priority for future consideration


osed please find the following comments for ethalfluralin:
Comments on CIC’s Prioritization of Ethalfluralin for Listing


Papineni. 20 September 2011. 3 pp.


Thank you for your consideration of these comments.


Prioritization: Chemicals For Consultation By The Carcinogen Identification Committee - Ethalfluralin
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whether a high priority for preparation of hazard identification materials and future consideration as a carcinogen is
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latively, regarding their


All the information available from animal research demonstrates that ethalfluralin has not been “…clearly shown
through scientifically valid testing according to generally accepted principles to cause cancer” as stated by The


. There were no treatment related effects in long term
only in female rats, were non invasive,


with no biological significance to humans.
priority for future consideration


Comments on CIC’s Prioritization of Ethalfluralin for Listing Under Proposition 65 as
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Dow AgroSciences’ Comments on CIC’s Prioritization of
Ethalfluralin for Listing Under Proposition 65 as a Carcinogen


S. Papineni, DVM, PhD


September 20, 2011


Summary: Dow AgroSciences, as the lead registrant for ethalfluralin, is pleased to provide the
Carcinogen Identification Committee (CIC) with our comments to assist in your process of
prioritizing these chemicals for future consideration under Proposition 65. Our comments are
summarized as follows:


Ethalfluralin has a complete toxicology data set as required for pesticide registration of a
molecule under 40 CFR Part 158. All the information available from animal research
demonstrates that ethalfluralin has not been “…clearly shown through scientifically valid testing
according to generally accepted principles to cause cancer” as stated in the CIC guidance
criteria. Therefore, ethalfluralin would warrant a “low priority” for future consideration of
listing under Proposition 65.


Carcinogenic potential of ethalfluralin:


Long term two year studies were conducted both in rats and mice evaluating the carcinogenic
potential. No treatment related findings were observed in mouse long term study (1).
Increase in benign mammary tumors was observed in Fischer rat study in female rats only
(Table 1.) (2).


Table 1. Incidence of mammary tumors in two year study in Fischer rats
Benign Mammary Tumors


Dose % 0.0 0.01


(4.2 mg/kg/day)


0.025


(10.7 mg/kg/day)


0.075


(32.3 mg/kg/day)


Ratio 13/60 11/60 25/60 29/60


Percent % 21.7 18.3 43.3 48.3


Z-statistic -- -.46 +2.38 +3.12


USEPA: Reregistration Eligibility Decision(RED) (1995) and Memorandum (1994) (1,3):


US EPA, in their recent summary indicated ethalfluralin as low level of concern by
concluding it as Group C, a “possible” human carcinogen, not “known”, “likely” or
“probable” carcinogen and, accordingly, it has not been considered previously under
Proposition 65.
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USEPA: Human Health Risk Assessment (2007) (4):


USEPA also conducted a recent human health risk assessment in Nov 2007 and stated
that the calculated cancer risk for ethalfluralin falls below the bench mark level,
estimated cancer risk is considered to be below the level of concern.


Non-human relevance of Mammary fibroadenomas:


The apparently increased incidence of this very benign neoplasm, which is common in the
Fischer 344 female with a wide variation in incidence reported in the literature, was probably of
no biological significance for the following reasons:


 The mammary fibroadenoma is a commonly occurring “benign” neoplasm in the


Fischer 344 rat.


 There was no difference in the morphologic appearance between the control and


treated groups, and the “latency period was not affected”.


 The tumors were observed “only in females and not in males”.


 The incidence of malignant mammary neoplasms was not increased; and


 There was “no effect on the well-being or survival of the rats”.


 NTP spontaneous control incidences in this strain reported up to 60% (5, 6).


 The background incidence of this benign tumor has “wide variability” and increases


quite rapidly in a lifetime study to 57% (6).


 Additionally, ethalfluralin has “no mutagenic potential” in a study of induction of
DNA repair synthesis, in a modified Ames test, or in a dominant lethal study in the
rat.


Conclusion:


In conclusion, the mammary fibroadenomas evaluated according to the generally accepted
principles by CIC identifies them as non invasive, spontaneous, strain and species specific,
high control incidence tumors observed only in female Fischer rats with no biological
significance to humans. In addition, the doses at which these are observed are way beyond the
exposure levels and therefore very unlikely to pose any cancer risk to humans. Based on all the
weight of evidence available, ethalfluralin should be given a “low priority” for future
consideration by CIC.


References


1. U.S. EPA (1994). Memorandum (dated September 14, 1994). Carcinogenicity Peer


Review of Ethalfluralin. Office of Prevention, Pesticides and Toxic Substances, Health


Effects Division. Washington, DC.
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2. Adams, E.R. et al., 1981. Two-Year Dietary Evaluation of Ethalfluralin in the Fisher 344
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92062013).


3. USEPA (1995): Reregistration Eligibility Decision (RED):Ethalfluralin. Mar.


4. USEPA (2007): Human Health Risk Assessment: Ethalfluralin. Nov.


5. Haseman JK., et al., 1997. Value of historical control data and other issues related to the
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20 September 2011


Ms. Cynthia Oshita
Office of Environmental Health Hazard Assessment
P.O. Box 4010, MS-19B
1001 I Street
Sacramento, California 95812-4010
coshita@oehha.ca.gov.


Prioritization: Chemicals For Consultation By The Carcinogen Identification Committee


Dear Ms. Oshita;


Dow AgroSciences is pleased to submit comments to the Proposition 65 Cancer Identification Committee (CIC) on
whether a high priority for preparation of hazard identification materials and future consideration
justified for fenbuconazole.


Although fenbuconazole is listed with the Triazole Antifungal Agents, w
prioritize the triazoles separately rather than as a group
whether to consider the carcinogenic potentia
Accordingly, in recent decisions by the EPA where these potential cumulative impacts have been considered, the
EPA has concluded that triazole compounds should be considered separately, not cumu
carcinogenic potential.


Based on the latest scientific information and conclusions of the European Union regulatory authorities
are not likely relevant to humans. Furthermore
EPA and the European Union regulatory
induced thyroid tumors in rats. Therefore, a low priority for this future consideration is fully defendable.


Enclosed please find the following comments for


 Dow AgroSciences Comments on CIC’s Prioritization of
2011. 4 pp.


Thank you for your consideration of these comments


Brian L. Bret


Brian L. Bret, Ph.D.
Regulatory Manager
(916) 780-7477
blbret@dow.com


Dow AgroSciences LLC
Regulatory Success Americas
9330 Zionsville Road, Bldg 308/2E
Indianapolis, Indiana 46268


Office of Environmental Health Hazard Assessment


4010


Prioritization: Chemicals For Consultation By The Carcinogen Identification Committee


leased to submit comments to the Proposition 65 Cancer Identification Committee (CIC) on
whether a high priority for preparation of hazard identification materials and future consideration


fenbuconazole is listed with the Triazole Antifungal Agents, we request that the CIC consider and
rather than as a group. As required under federal law, the US EPA evaluate


whether to consider the carcinogenic potential of structurally similar compounds as cumulative (related).
Accordingly, in recent decisions by the EPA where these potential cumulative impacts have been considered, the


compounds should be considered separately, not cumulatively, regarding their


Based on the latest scientific information and conclusions of the European Union regulatory authorities
are not likely relevant to humans. Furthermore, there is overwhelming consistency in the conclusions drawn by US
EPA and the European Union regulatory authorities regarding the lack of human relevance for fenbuconazole


. Therefore, a low priority for this future consideration is fully defendable.


Enclosed please find the following comments for fenbuconazole:


Comments on CIC’s Prioritization of Fenbuconazole. J. P. Bailey


Thank you for your consideration of these comments
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latively, regarding their


Based on the latest scientific information and conclusions of the European Union regulatory authorities, liver tumors
the conclusions drawn by US


authorities regarding the lack of human relevance for fenbuconazole-
. Therefore, a low priority for this future consideration is fully defendable.


Bailey. 20 September
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Dow AgroSciences’ Comments on CIC’s Prioritization of Fenbuconazole


J. P. Bailey, Ph.D.


September 20, 2011


SUMMARY.


Dow AgroSciences, as the lead registrant for fenbuconazole, is pleased to provide the
Carcinogen Identification Committee (CIC) with our comments to assist in your process of
prioritizing these chemicals for future consideration under Proposition 65. Our comments are
summarized as follows:


 Scientific Database. Fenbuconazole is supported by an extensive scientific database in
the industry, including both animal studies and mode of action data.


 Continual Regulatory Review and Oversight. Fenbuconazole was assessed by the
European Union in 2010, including assessments of carcinogenic potential. Assessment
by the US EPA lead to a Category C “possible human carcinogen” classification in lieu
of a Category A “known” or B “probable” human carcinogen.


 Animal Studies. Mode of action data has been generated for rat thyroid tumors, which


show that these tumors are induced by a rodent specific mode of action. Furthermore,


clear mode of action data has been conducted for fenbuconazole demonstrating that the


liver tumor mode of action is phenobarbital-like and not considered relevant to humans.


 Genotoxicity. Assessments of the extensive genetic toxicity database by USEPA in 2008
and EU in 2010 have all concluded that fenbuconazole, by weight of evidence, is not
genotoxic.


 CIC Low Priority. Recent thorough reviews by both the USEPA and European Union
with negative conclusions (i.e., that fenbuconazole is not genotoxic, thyroid tumors are
not likely to be relevant to humans) should provide the CIC with comfort that a third
review at this time is low priority.


DETAILS.


In the remaining pages of our comments, for the convenience of the CIC members, we have
summarized the conclusions of the US EPA and the European Union (EU) regarding thyroid
tumors, and recent publications on the liver tumor mode of action, demonstrating that neither
tumor type is relevant to humans. We believe their conclusions speak clearly regarding how
other authorities have assessed the available database.
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US EPA memo 1998:


In a 1998 memo from US EPA regarding the carcinogenicity classification the EPA
concludes as follows:


 The mechanistic evidence presented for thyroid tumors appears to be
scientifically plausible, supports a threshold mechanism, and is consistent
with EPA policy.


 The Q1* therefore should be based only on liver adenomas and
carcinomas, not on thyroid tumors.


 There are data gaps remaining for liver tumors mode of action (these were
addressed in Juberg et al, 2006, but not submitted to US EPA)


 Fenbuconazole is a class C “possible human carcinogen”, not a class B
“probable human carcinogen” (emphasis added).


US EPA 2008- Human Health Risk Assessment


In 2008, USEPA published a human health risk assessment for fenbuconazole for a
proposed new use. In this human health risk assessment, USEPA concluded as follows:


 Thyroid tumors occurred in male rats only (pg 25).
 Liver tumors occurred in mice only (pg 25).
 Fenbuconazole is not mutagenic (pg. 14).


European Union Summary – Plant Protection Directive (EU, 2001, page 10)


The EU completed their assessment of fenbuconazole under the Plant Protection directive in
2010. The EU’s conclusion regarding the potential carcinogenicity and genotoxicity of
fenbuconazole was as follows:


“The increased incidence of thyroid tumours in rats (rodent specific) and
hepatocellular carcinomas in mice (common in mice at prolonged high doses of
xenobiotics) is unlikely to pose a carcinogenic risk to humans.”(EU, 2010, pg
21, emphasis added)


“Fenbuconazole is not genotoxic in vitro or in vivo. (EU, 2010, pg 7, emphasis
added)


Liver Mode of Action-Juberg et al., 2006


Fenbuconazole demonstrated a small but statistically significant increase in
hepatocellular adenomas and carcinomas combined (8.3% incidence) in the high-dose
group for the rat 2-year study; the incidence of hepatic tumors was slightly greater than
the range for historical controls (0 to 6.1% incidence) (WHO, 1997). No such increase in
liver tumor formation was observed in male mice (or in male or female rats) treated with
fenbuconazole. In 2006 Juberg et al. published a mode of action study to determine if the
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mode of action for fenbuconazole mouse liver tumors is phenobarbital-like (Juberg,
2006). The authors concluded that, at the tumorigenic dose, fenbuconazole induced:


 Dose-dependent increase in liver weight.
 Centrilobular hepatocellular hypertrophy
 Cytoplasmic eosinophilia
 Panlobular hepatocellular vacuolation,
 An initial increase in the cell proliferation labeling index.
 Dose-dependent increase in liver microsomal cytochromes b5 and P450


and the levels of immunoreactive CYP2B10 and its associated activity 7-
pentoxyresorufin O-dealkylation (PROD).


Phenobarbital also induced these same effects; therefore the authors concluded that
fenbuconazole induced mouse liver tumors through a phenobarbital mode of action,
which has been determined to most likely not be relevant to humans (Holsapple et al,
2006).


CONCLUSION.


The existing database on the potential carcinogenicity of fenbuconazole, and its relevance to
humans is robust. The mode of action of the thyroid tumors is rodent-specific; and therefore not
likely relevant to humans. Furthermore, the low incidence of liver tumors seen in the 18-month
mouse study is related to a phenobarbital-like mode of action; and is not considered to be
relevant to humans. An evaluation by the CIC under Proposition 65’s clearly shown standard
would come to the same conclusion. Fenbuconazole should be a low priority for assessment by
the CIC.
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Prioritization: Chemicals For Consultation By The Carcinogen Identification Committee - Trifluralin


Dear Ms. Oshita;


Dow AgroSciences is pleased to submit comments to the Proposition 65 Cancer Identification Committee (CIC) on
whether a high priority for preparation of hazard identification materials and future consideration is justified for
trifluralin.


Although trifluralin is a dinitroanaline (DNA) compound, we request that the CIC consider and prioritize these
active ingredients separately rather than as a group. As required under federal law, the US EPA has evaluated
whether to consider the carcinogenic potential of structurally similar compounds as cumulative (related).
Accordingly, in recent decisions by the EPA where these potential cumulative impacts have been considered, the
EPA has concluded that DNA compounds should be considered separately, not cumulatively, regarding their
carcinogenic potential.


Trifluralin is not genotoxic and the epidemiology evidence available is overwhelmingly negative. There is no
consistent reproducible trends in incidence or type of tumors observed across species or strains and when observed
they are mostly non-invasive, benign and or either occur at doses exceeding MTD and are not relevant to humans.
Therefore, based on this evidence, trifluralin does not meet the CIC criteria to cause cancer and does not warrant
high priority for future consideration under Proposition 65.


Enclosed please find the following comments for each molecule:
 Comments on CIC’s Prioritization of Trifluralin for Listing under Proposition 65 as a Carcinogen.


S. Papineni and C. Burns. 20 September 2011. 10 pp.


Thank you for your consideration of these comments.


Brian L. Bret
Brian L. Bret, Ph.D.
Regulatory Manager
(916) 780-7477
blbret@dow.com
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Dow AgroSciences’ Comments on CIC’s Prioritization of
Trifluralin for Listing Under Proposition 65 as a Carcinogen


S. Papineni, DVM, Ph.D. and C. Burns, Ph.D.


September 20, 2011


Summary: Dow AgroSciences, as the lead registrant for trifluralin, is pleased to provide the
Carcinogen Identification Committee (CIC) with our comments to assist in your process of
prioritizing these chemicals for future consideration under Proposition 65. Our comments are
summarized as follows:


 Scientific Database. The toxicology database for trifluralin is extensive, including a full set
of experimental animal studies required for herbicide registration and epidemiology studies
in humans.


 Continual Regulatory Review and Oversight. Trifluralin, first registered in 1963, is a
selective herbicide used to control annual grasses and broad leaf weeds is continually
assessed by regulatory agencies, worldwide, including assessments of carcinogenic potential,
(e.g. National Cancer Institute (NCI) in 1978, USEPA in 1986, 1987, 1996 and 2004,
European Food Safety Authority (EFSA) in 2009, International Agency for Research on
Cancer (IARC) in 1991 and in Vol 53 in 1999, Health Canada in 2008).


 Epidemiological Data. The human epidemiology data for cancer and trifluralin were
summarized by the IARC in 1991. IARC summarized and updated the data on trifluralin
again in Vol 53 in 1999 and concluded that “There is inadequate evidence in humans for
the carcinogenicity of trifluralin.” (emphasis added)


 Animal Studies. Out of 7 long- term studies conducted in rodents, tumors were observed
only in the Fischer rat study. There is scientific plausible evidence combined with mode of
action (MOA) data to demonstrate the non relevance of the tumors observed in Fischer rats to
humans as discussed in subsequent sections. IARC evaluated the data on trifluralin in Vol 53
in 1999 and concluded that “There is limited evidence in experimental animals for the
carcinogenicity of technical-grade trifluralin.”(emphasis added)


 Genotoxicity. Assessments of the extensive genetic toxicity database by regulatory agencies
have all concluded that trifluralin, by weight of evidence, is “not genotoxic”. (emphasis
added)


 Low Priority Appropriate. Cancer Assessment Review Committee (CARC) in their
summary in 1986 indicated trifluralin as low level of concern by concluding it as Group C, a
“possible” human carcinogen, not “known”, “likely” or “probable” carcinogen and,
accordingly, it has not been considered previously under Proposition 65. Thus there is
overwhelming evidence in the conclusions drawn by the agencies combined with the MOA
data generated that the further assessment by the CIC is likely to come to the same
conclusion. Therefore, a “low priority” for this future consideration is fully defendable.
(emphasis added)
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DETAILS. In the remaining pages of our comments, for the convenience of the CIC members, we
have summarized the conclusions of the IARC, US EPA , Health Canada and the European Union
(EU) regarding the carcinogenicity potential of trifluralin followed by the epidemiological evidence,
recent publication and MOA data on the renal, urinary bladder and thyroid tumor s, demonstrating
that neither tumor type is relevant to humans. We believe their conclusions speak clearly regarding
how other authorities have assessed the available database.


IARC Monographs on the Evaluation of Carcinogenic Risks to Humans- VOL.: 53 (1991) (p.
515), updated 13 April, 1999 (1):


IARC extensively evaluated the exposure data, carcinogenicity data in humans, experimental animals
and other relevant data and stated the following regarding trilfuralin carcinogenicity


“..Carcinogenicity in humans


Use of trifluralin was associated with an increased risk for non-Hodgkin's lymphoma in a
study in the USA. A study of ovarian cancer in Italy did not suggest an association with
exposure to trifluralin. Both results were based on small numbers of exposed subjects. A
larger US study showed no association with the occurrence of leukaemia.


…Carcinogenicity in experimental animals


One technical grade of trifluralin (possibly contaminated with N-nitrosodi-n-propylamine)
was tested for carcinogenicity in mice and rats by administration in the diet. In female mice,
it induced an increased incidence of hepatocellular carcinomas; in the same study, an increase
in the incidence of lung adenomas or carcinomas was observed in females. An increased
incidence of squamous-cell carcinomas of the forestomach was noted in female mice at the
lower but not at the higher dose. In rats, an increase in the combined incidence of follicular-
cell adenomas and carcinomas of the thyroid was noted at the lower but not at the higher dose
in females.


Another preparation of trifluralin was tested for carcinogenicity in mice by administration in
the diet. No increase in tumour incidence was observed.


..Evaluation


There is inadequate evidence in humans for the carcinogenicity of trifluralin.


There is limited evidence in experimental animals for the carcinogenicity of technical-grade
trifluralin.


Overall evaluation


Trifluralin is not classifiable as to its carcinogenicity to humans (Group 3).” (emphasis
added).
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US EPA: Reregistration Eligibility Decision (RED) April 1996 (2):


The USEPA completed their comprehensive evaluation of trifluralin in 1996. The USEPA went on to
conclude that trifluralin should given the “lowest classification” for compounds that have any
possible data involving potential carcinogenicity, as follows:


“Carcinogenicity Classification
The OPP Carcinogenicity Peer Review Committee evaluated all the available carcinogenicity
data on trifluralin (April 4, 1986) and it concluded that there is limited evidence of
carcinogenicity in male and female rats based upon an increase in combined malignant and
benign urinary bladder tumors in females, renal pelvis carcinomas in male rats, and thyroid
gland follicular cell tumors (adenomas plus carcinomas combined) in males. Trifluralin has
been classified as a Group "C", possible human carcinogen with a Q1*of 0.0077 mg/kg/day-
1.” (emphasis added)


US EPA Memorandum 2004, Human Health Risk Assessment (3):


The Health Effects Division prepared the human health risk assessment for trifluralin for Tolerance
Reassessment Eligibility Decision (TRED) Process in May 2004 and concluded as follows on the
carcinogenic risk


“Trifluralin is classified as a Group C, possible human carcinogen with carcinogenic risk
quantified by the Q1* approach…… A risk estimate that is less than 100% of the chronic
RfD (the dose at which an individual could be exposed over the course of a lifetime and no
adverse health effects would be expected) does not exceed the Agency’s risk concern.
Estimated chronic dietary risk is below the Agency’s level of concern for all populations
(<1% of cPAD; 0.005 mg/kg/day). The estimated exposure of the general U.S. population to
trifluralin is 0.000028 mg/kg/day for both dietary risk assessment models. Applying the Q1*
of 5.8 x 10-3 (mg/kg/day)-1 to the exposure value results in a cancer risk estimate of 1.64 x
10-7 (DEEM-FCID) and 1.13 x 10-7 (Lifeline), which is also below the Agency’s level of
concern.” (emphasis added).


Health Canada- Proposed Re-evaluation Decision: Trifluralin, 18 June 2008 (4):


Pest Management Regulatory Agency (PMRA) of Canada concurs with USEPA’s evaluation and
assessment of trifluralin and stated in its evaluation decision document as follows:


“In its 1996 RED, the USEPA concluded that the use of products containing trifluralin
would not pose unreasonable risks or adverse effects to humans or the environment if
used according to the amended product labels. After the RED, the USEPA published a TRED
in 2004 that includes an aggregate risk assessment that met the Food Quality Protection Act
requirements. This assessment, although based on the same toxicological database as the
RED, revised the endpoint for carcinogenic risk and certain routes and durations of exposure.
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Overall, no harm to the American general population, infants or children was expected
from aggregate exposure to residues of trifluralin.” (emphasis added)


EFSA: Peer review of the pesticide risk assessment of the active substance trifluralin, 14 July
2009 (5):


EFSA reviewed the data on trifluralin to provide a conclusion on the risk assessment to the
EU-commission and classified trifluralin because of lack of mechanistic data under the
caterogry of “Limited evidence of a carcinogenic effect”, which is the lowest level of
classification given to any molecule. (emphasis added)


Additional mode of action data generated demonstrating the non- relevance to humans was
not reviewed by the agency during their assessment.


THE WEIGHT OF EVIDENCE FROM EPIDEMIOLOGY STUDIES


The human epidemiology data for cancer and trifluralin were summarized by the International
Agency for Research on Cancer in 1991(IARC, 1991)(6). The epidemiology evidence regarding
trifluralin is limited but overwhelmingly negative (7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20)
and as indicated in the monograph, the data for humans was classified as “inadequate.”


o Of the three studies reviewed, only one reported a statistically significant association
of use of trifluralin and incidence of non-Hodgkin lymphoma (NHL) reported in
1986 (21) has not been replicated in subsequent studies. The non significant
studies evaluated ovarian cancer (20) and leukemia (18).


o A few studies have reported statistically significant associations with colon cancer
(9), leukemia (Error! Bookmark not defined.), and stomach cancer (22). None of
these findings have been replicated in other studies and as indicated by the study
authors are expected by chance due to multiple comparisons and poor exposure
estimations.


o A comprehensive search of all studies that evaluated trifluralin is subject to
appreciable reporting and publication bias. Epidemiology studies may collect
data on many pesticides but only report associations that are statistically significant.
Other authors may disclose their observations but do not discuss them in the text.


 For example, individual pesticides, including trifluralin, were
evaluated by Carreon et al. in 2005 (13) in their study of glioma. A
reduced risk of trifluralin use (odds ratio, OR = 0.7, 95% confidence
interval, CI, 0.3 – 1.6) was reported in a table but never mentioned in
the text, abstract or keywords. Similar non significant findings were
embedded in publications by Reynolds et al. (2002)(7) and Flower et
al. (2004)(8). A list of these observations is provided in TABLE 1.
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TABLE 1. HUMAN EPIDEMIOLOGY STUDIES WITH NO SIGNIFICANT
OBSERVATIONS FOR TRIFLURALIN.


Cancer site Study Trifluralin


All cancers Reynolds et al. (2002)(7) NS


Flower et al. (2004)(8) NS


Kang et al. (2008)(9) NS


Esophagus* Lee et al. (2004b)(10) NS


Soft tissue sarcoma* Hoar et al. (1986)(11) NS


Prostate* Mills and Yang (2003)(12) NS


Brain, glioma* Reynolds et al. (2002)(7) NS


Carreon et al. (2005)(13) NS


Ruder et al. (2004)(14) NS


NHL* McDuffie et al. (2001)(15) NS


Schroeder et al. (2001)(16) Not mentioned


Hodgkin’s disease* Hoar et al. (1986)(11) NS


Reynolds et al. (2005)(17) NS


Leukemia* Brown et al. 1990(18) NS


Breast cancer Mills and Yang (2005)(19) NS


Ovarian Donna et al. (1989)(20) NS


*Kang et al. (2008) (9) also evaluated these cancer sites and did not report significant
elevations; .NS: not significant.


In conclusion, the epidemiology evidence regarding trifluralin is overwhelmingly negative with a
few positive associations that may be due to multiple comparisons or poor exposure estimation.







6


THE WEIGHT OF EVIDENCE FROM ANIMAL STUDIES


o Trifluralin is not mutagenic as demonstrated in a package of tests vivo to asses the
mutagenicity, clastogenicity and DNA aberrations, both in vitro and in vivo (23,24,25,26).


o Seven long-term studies (four in rats and three in mice) were conducted in rodents with
trifluralin. Out of which only two studies showed neoplastic response (the NCI study in mice
(27) and the Fischer rat study (28). Treatment related tumors at equivalent dose levels
were not identified in other strain of rats (Osborne-Mendel, Sprague Dawley, Wistar)
or mouse studies (27,28,29).


o As stated below in EPA’s reregistration Eligibility Document, 1996 (2), the tumors observed
in the NCI study are attributed to N-nitroso-di-npropylamine (NDPA) present in the test
material and are not relevant to trifluralin exposure.


 “The test compound was contaminated with N-nitroso-di-npropylamine,which was
considered to be the cause of the livercarcinomas, alveolar-bronchiolar adenomas,
and squamous-cell carcinomas of the forestomach in the female mice (Jaeger, 1986)”.


Thus, the tumors observed in female mice were attributed to NDPA contamination and
not relevant for assessing trifluralin carcinogenicity.


In the Fischer rat study (28), female rats showed only a slight increase in the urinary bladder
transitional cell papilloma/carcinoma, and male rats showed an increase in thyroid follicular tumors
and kidney transitional cell carcinomas.


o The increased incidence of these tumours above concurrent control levels was low, but
statistically significant. Urinary bladder and thyroid tumors were observed only at the two
higher doses of 128 and 272 mg/kg bw/day which clearly exceeded the maximum tolerated
dose MTD [with significant decreases in body weights in the range of 17.4 to 49.1 % when
compared to controls and changes in blood chemistry for a carcinogenicity study]. According
to the US EPA and ICH test guidelines, the top dose should only elicit signs of minimal
toxicity, such as a slight depression of body weight by less than 10% (30,31). Individual
tumors are discussed in detail below.


o Renal transitional cell carcinomas occurred at 3% increased incidence above controls at 30
mg/kg bw/day. Subsequent mechanistic studies conducted identified the key events in the
formation of these tumors in Fishcer rats (32, 33, 34, 35) which demonstrated them to be


rodent specific secondary to Chronic Progressive Nephropathy (CPN) and  globulin
mode of action which is an established mechanism not relevant to humans as they lack
 globulins (36, 37, 38). Based on these findings and the human relevance framework
developed (39,40,41), the renal tumors identified in fischer rats with trifluralin exposure are
not relevant and do not pose risk to humans.


o Slight increase in Urinary tumors (papillomas and carcinomas combined) over control was
identified in only few female rats. The transitional cell papillomas are benign and were
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observed in females only at 128 (1/60) and 272 (3/60) and carcinomas observed were very
few which occurred only at the top dose 272 (2/60) mg/kg bw/day trifluralin which clearly
exceeded the MTD as described above.


o Based on the conclusions of two working groups, the Rodent Bladder Carcinogenesis
Working group sponsored by US EPA through International Life Sciences Institute (ILSI)
(42,43) and the IARC, 1999 a and b (44,45) working group, the urinary tract calculi that were
induced in rodents by a variety of chemicals are a high dose phenomenon and that rats are
much more susceptible to both the formation and the carcinogenic effects of calculi than
are humans because of the anatomic and urinary physiologic differences that exist
between rats and humans (46, 47, 48, 49).In addition to these differences in physiology and
increased sensitivity in the rat, the doses at which these effects could ever occur are several
orders of magnitude greater than doses expected for human exposure and thus illustrate the
lack of relevance of urinary bladder tumors to humans.


o Thyroid follicular adenomas and fibroadenomas combined are benign tumors that were
increased only slightly above the control at doses above a MTD.


Thyroid tumor Mode of Action Study: Saghir et al., 2008 (35):


Saghir et al., conducted a mode of action study to evaluate the mechanism of these
thyroid tumors (Error! Bookmark not defined.). The results of the mechanistic
study provide evidence that rat thyroid tumors result because of the induction of
liver metabolizing enzymes, primarily UDP-GT which results in increased
clearance of T3/T4 levels leading to compensatory increase in TSH. This increased
level of TSH would exert continuous stimulation of the thyroid gland leading to
cellular hypertrophy and proliferation predisposing to the development of follicular
cell tumors in rats.Rats are highly sensitive to this mechanism as they lack
thyroxine binding globulin (TBG) protein unlike humans and thus is a
mechanism not relevant to humans (50,51).


CONCLUSIONS:


The overwhelming evidence available combined with the mode of action studies clearly concludes
that trifluralin does not pose a carcinogenic risk to humans. The epidemiological evidence is limited
and negative and fails to establish a causal relationship between trifluralin exposure and cancer.
The experimental animal studies that were conducted using “scientifically valid testing according to
generally accepted principles” across species clearly demonstrate non relevane of the tumors
identified to humans. For all these reasons discussed in this review, trifluralin takes a “low
priority” and an evaluation by the CIC under Proposition 65’s clearly shown standard is believed to
come to the same conclusion.
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GOWan 
The Go To Company 	 P.O. Box 5569 • Yuma, Al 85366 1  Toll Fee: 800.883.1844 ext. 2 • wiragovianco.com  


September 12, 2011 


Ms. Cynthia Oshita 


Office of Environmental Health Hazard Assessment 


California Environmental Protection Agency 


P.O. Box 4010, MS-19B 


Sacramento, CA 95812-4010 


Subject: Public Comments - Prioritization: Chemicals Identified for Consultation with the Carcinogen 


Identification Committee 


Dear Ms. Oshita: 


Gowan Company appreciates an opportunity to provide a written statement on the carcinogenic 


potential of hexythiazox in advance of the October 12, 2011 meeting entitled "Prioritization: Chemicals 


Identified for Consultation with the Carcinogen Identification Committee" by the California EPA 


(Reproductive and Cancer Hazard Assessment Branch). 


Hexythiazox was first approved for use in the US in 1989. Annual use of the active ingredient in 


California is currently around 23,000 kg, and as such Hexythiazox is not listed on the California 


Department of Pesticide Registration's list of the top 100 pesticides (by weight) in the state. 


Gowan Company is not aware of any published case report or epidemiological study indicative that its 


pesticidal use causes cancer in man. 


The US EPA has reviewed the toxicological database on hexythiazox on multiple occasions; under the 


auspices of the HED Toxicology Branch Peer Review Committee in 1986, a FIFRA Scientific Advisory Panel 


in 1987, the HED Cancer Peer review Committee in 1987, and the Cancer Assessment Review Committee 


(CARC) in 2009. 


As described in the memorandum' from the CARC in 2009, results from long-term mammalian 


oncogenicity/toxicity bioassays have shown an increased incidence of liver tumors in female mice 


following dietary consumption of 1500 ppm hexythiazox (corresponding to 318 mg hexythiazox/kg body 


weight/day) as well as an elevation in the incidence of benign mammary gland tumors in male rats at 


dietary concentrations of 3000 ppm (corresponding to 163 mg hexythiazox/kg body weight/day). 


1 
US EPA. Memorandum of Third Peer Review of Hexythiazox (Sauey]: Report of the Cancer Assessment Review Committee, 


TXR No, 0055255, 2009. 


1 







However, there was no evidence of carcinogenicity in the opposite gender for rats or mice. In addition, 


the performance of a battery of genotoxicity studies has failed to show a mutagenic concern for 


hexythiazox. The CARC concluded "that the evidence as a whole was not strong enough to warrant the 


use of a linear low dose extrapolation model applied to the animal data (Q 1 *) for a quantitative 


estimation of human risk". 


The US EPA has set the RfD for hexythiazox at 0.025 mg/kg body weight/day (based on a 100-fold safety 


multiple above the NOAEL of 2.5 mg hexythiazox/kg body weight/day from a one year dietary toxicity 


study in dogs). In 2009, the CARC indicated this RfD would be protective of all chronic effects including 


potential carcinogenicity in man. This RfD is almost 3 orders of magnitude (i.e. at least 920-fold) lower 


than the lowest no effect level (23.1 mg hexythiazox/kg body weight/day) observed in the rodent 


oncogenicity studies discussed above. 


Based on the extensive toxicology database, minor use status and large safety margins, Gowan Company 


believes that no further hazard identification is necessary at this time for hexythiazox. 


Sincerely, 


Peter Beyrouty, MS 


Regulatory Product Manager 


Gowan Company 


(928) 819-1565 


pbeyrouty@gowanco.com  
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Washington, D.C.  California  Canada 


1150 18th St., NW, Suite 1000  712 Fifth St., Suite A  275 Slater St., Suite 900 


Washington, D.C. 20036        Davis, CA 95616  Ottawa, Ontario K1P 5H9 


Phone: (202) 223‐4392  Phone: (530) 757‐1245  Phone: (613) 247‐6285 


 


 
Technology Sciences Group Inc. 
712 Fifth St., Suite A 
Davis, CA 95616 
Direct:  (530) 757‐1281 
Fax:  (530) 757‐1299 
E‐Mail: GGorder@TSGUSA.com   
 
Greg W Gorder, Ph.D. 
Senior Managing Scientist 


September 20, 2011 
 
ISK Biosciences Corporation 
Comments to the CIC on Prioritization of Flonicamid 


Electronic Submission 
 
Ms Cynthia Oshita 
Office of Environmental Health Hazard Assessment 
1001 I Street 
Sacramento, CA  95814 
 
Dear Ms Oshita, 


On behalf of  ISK Biosciences, TSG  is  submitting  scientific  information on  flonicamid pertaining  to  the 


Carcinogen  Identification  Committee’s  prioritization  that  will  occur  on  October  12  –  13,  2011.  


Flonicamid is one of thirty‐nine chemicals included in the prioritization process. 


Flonicamid’s toxicology is well studied and it has been carefully reviewed by the US EPA.  Flonicamid is 


an  insecticide believed  to have  a novel mode of  action  and  is  an  important  tool  in  insect  resistance 


management.  It has low exposure characteristics because it is used at very low application rates and it 


only has agricultural uses.   Although  flonicamid and  its metabolites are not mutagenic,  it causes  lung 


tumors in CD‐1 mice.   Mechanism studies show that mouse tumors are due to a mitogenic mechanism 


that is reversible and only relevant when a threshold dose is exceeded.  The mechanism shows species 


specificities  and  the  tumors  are  not  relevant  to  rats.    As  a  result  of  US  EPA’s  existing  review,  and 


flonicamid’s  low  exposure potential  and  its mitogenic  species‐specific  threshold‐based mechanism,  it 


would seem reasonable to assign flonicamid a low priority. 


Sincerely, 


 
enclosures 
 
cc: Greg Leyes, ISK Biosciences Corporation 


  Files 







 


 
Technology Sciences Group Inc. 
Greg W Gorder, Ph.D. 
Senior Managing Scientist 
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Washington, D.C. 20036        Davis, CA 95616  Ottawa, Ontario K1P 5H9 


Phone: (202) 223‐4392  Phone: (530) 757‐1245  Phone: (613) 247‐6285 


Comments to the CIC on Prioritization of Flonicamid 


Submitted by ISK Biosciences Corporation 


September 20, 2011 


 


Background:  This document was submitted to the Proposition 65 Carcinogen Identification Committee 
(CIC) under a process administered by California's Office of Environmental Health Hazard Assessment 
(OEHHA) that allows public input on chemical prioritization.  Flonicamid is one of thirty-nine chemicals 
or groups of chemicals that are scheduled to be prioritized by the CIC in their October meeting.   


Flonicamid provides important benefits to California agriculture. It is an agricultural insecticide that 
controls sucking insects by suppression of their feeding.  It is believed to have a novel mode of action1 
and, as a result, it is used in pest management programs to prevent the build-up of insect resistance in 
crops such as cotton that have issues with resistant pests.  Flonicamid is effective at very low application 
rates and it is also more selective for the target pest insect species than alternative insecticides.   


Summary; Flonicamid toxicology is well studied and its database includes carcinogenicity and 
genotoxicity studies that were reviewed by the US Environmental Protection Agency (US EPA) in 2005 
as part of their mandate to protect public health.  The US EPA, an authoritative body under Proposition 
65, did not find flonicamid to be either carcinogenic to humans or likely to be carcinogenic to humans.  
Flonicamid also has low exposure characteristics.  The combination of its exposure characteristics and the 
US EPA’s recent thorough review of the cancer data should provide the CIC with confidence that 
flonicamid is not a significant threat to the health of Californians and that a low priority assignment is 
appropriate. 


Low Potential for Consumer/Residential Exposure:  Flonicamid is an agricultural insecticide that is 
used at very low application rates of 50 – 100 g/ha.  The US EPA has established tolerances for 
flonicamid residues on food crops so when legally used, dietary exposures will be insignificant when 
compared to acute and chronic health endpoints.  Since flonicamid is primarily used on cotton and in 
production of alfalfa seed, its major California uses also limit dietary exposures.  Flonicamid is not 
contained in consumer products, so members of the general public will not have product use exposures.  
Flonicamid is used in agricultural fields at low application rates and not in or around residential buildings 
or play areas, so members of the general public will have low potential for environmental exposures. 


Carcinogenicity Conclusions of the US EPA (Authoritative Body under Proposition 65): The US 
EPA assembled a Cancer Assessment Review Committee (CARC) in January of 2005 and its final report 


                                                           
1 It is not believed to be a nicotinoid insecticide as stated in OEHHA’s statement on flonicamid prepared for the 
CIC. 
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was issued February 24, 2005.  The CARC evaluated three chronic toxicity/carcinogenicity studies, one in 
Wistar rats and two in CD-1 mice.  They also evaluated metabolism, mutagenicity, and mode of action 
studies, and potential structure activity relationships.  The CARC concluded the following: 


“In accordance with the EPA Draft Guidelines for Carcinogen Risk Assessment (July 1999), the 
CARC classified Flonicamid into the category “Suggestive Evidence of Carcinogenicity, but 
Not Sufficient to Assess Human Carcinogenic Potential”.  This classification was based on the 
following weight-of-the-evidence considerations: 


(i) Flonicamid is not mutagenic. 
 


(ii) The treatment-related CD-1 mouse lung tumors (benign and malignant) which occurred 
in both sexes were due to an established mitogenic mode of action that occurred in 
susceptible mouse strain with a high background.  A clear species difference was 
observed between mice and rats in incidence of lung tumors and the BrdU Index studies.  
No tumors were seen in the lungs of rats.  The flonicamid induced increase in the BrdU 
Index appears to be related to the different sensitivity of strains of mice, with the CD-1 
mice being a relatively sensitive strain. 


 
(iii) The only other tumor response was nasolacrimal duct tumors which occurred in female 


rats at the high dose and were considered to be possibly treatment-related, but a clear 
association could not be made.  Unlike male rats, the nasal tumor response in females 
could not be clearly associated with spontaneous inflammation due to the low incidence 
of both the neoplastic and non-neoplastic lesions.” 


Flonicamid is Not Mutagenic:  The CARC reviewed numerous genotoxicity studies and concluded the 
following: 


“Flonicamid technical did not cause mutations in the bacterial reverse mutation or mouse 
lymphoma tests with or without metabolic activation, chromosome damage in the mouse 
micronucleus or in vitro cytogenetics tests with and without metabolic activation.  Similarly, 
there was no increase in DNA damage in the comet assay or in an in vivo rat unscheduled DNA 
synthesis (UDS) study.” 


Flonicamid Metabolites are Less Toxic and Not Mutagenic:  Oral absorption is rapid (maximum 
plasma concentrations in 24 – 54 minutes) and excretion is very rapid and complete (94 – 99% of the 
applied dose was recovered by 168 hours).  The CARC described metabolism as follows: 


“The main metabolic reactions were hydrolysis of cyano to the amide function and ring 
hydroxylation.  In rats flonicamid was further metabolized by several routes, including nitrile 
hydrolysis, amide hydrolysis, N-oxidation, and hydroxylation of the pyridine ring, leading to 
multiple metabolites.” 


The CARC also stated the following: 
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“The main metabolites of flonicamid were examined in acute oral toxicity studies in rats and 
bacterial reverse mutation tests.  All the metabolites were less toxic than flonicamid and not 
mutagenic.” 


CARC Did Not Identify Treatment-Related Tumors in Wistar Rats:  This test was conducted for 24 
months by adding flonicamid to the diet of Wistar rats at a high dose of 1,000 ppm in males and 5,000 
ppm in females.  The CARC considered dosing to be adequate but not excessive based on overall 
decreased body weights, body weight gains, nephrotoxicity, hepatotoxicity, and ocular toxicity.  Doses 
were 0, 1.84, 3.68, 7.32, and 36.5 mg/kg-day for males and 0, 8.92, 44.1, and 219 mg/kg-day for females.   


Nasolacrimal duct squamous cell carcinomas were found in males at low incidence levels (4%, 6%, 8%, 
4%, and 12% for the control and low to high doses).  There were no significant trends (dose-response) or 
pairwise comparisons with the controls.  Data were provided to CARC showing that nasal squamous cell 
carcinomas in male Wistar rats are often associated with chronic inflammation of the nasolachrymal duct 
and malocculusion of incisor teeth may contribute due to aggravation of nasolachrymal duct damage. 
CARC found “… an indication for a correlation between the incidence of inflammation and the 
fluctuating incidence of nasal tumors across dose groups.” 


Nasolacrimal duct squamous cell carcinomas were found in females at low incidence levels (0%, 0%, 0%, 
and 6% for the control and low to high doses).  There were no significant pairwise comparisons.  CARC 
concluded that these tumors were possibly treatment related but a clear association with treatment could 
not be made.  Females also had a low incidence of cerebellar granular cell tumors (GCT) (0%, 0%, 0%, 
and 6% for the control and low to high doses).  The US EPA’s reviewing pathologist stated the following 
“… this is a benign neoplasm that is often only discovered microscopically and, therefore, is probably 
underreported in the historical data.  To my knowledge, granular cell tumors have never been identified as 
a chemically induced neoplasm.  This fact, and the absence of any indication of a similar response in 
males, persuades me to agree … that the occurrence of GCTs in the Wistar study is incidental.” 


CARC Found Treatment-Related Alveolar/Bronchiolar Tumors in CD-1 Mice (Mode of Action 
Qualifications2 - Explained Below): Two tests were conducted with CD-1 mice with flonicamid added 
in the diet. Flonicamid dietary concentrations in the first test were up to 2250 ppm resulting in doses of 0, 
29, 88, and 261 mg/kg-day for males and 0, 38, 112, and 334 mg/kg-day for females.  Flonicamid dietary 
concentrations in the other test were up to 250 ppm resulting in doses of 0, 1.2, 3.1, and 10 mg/kg-day for 
males and 0, 1.4, 3.7, 11.8, and 36.3 mg/kg-day for females.  Although dosing levels were quite different, 
the US EPA found that dosing of both tests was adequate and not excessive.   For the first test the US 
EPA based this conclusion “… on increased incidence of tissue masses/nodules in the lungs and 
microscopic findings in the liver spleen, bone marrow and lungs.”  In the second test the conclusion was 
based “… on lung masses and terminal bronchiole epithelial cell hyperplasia/hypertrophy in both sexes.” 


In the first study, incidence levels of combined adenomas and carcinomas in males were 18%, 46%, 50%, 
and 64% for controls and low to high doses and in females were 16%, 39%, 54%, and 45% for controls 
and low to high doses.  The increasing incidence trends were significant and all of the pairwise 


                                                           
2 Mode of action studies suggested that tumors are due to mitogenesis, a non-linear non-genotoxic mechanism with 
an established threshold.  Furthermore, CD-1 mice are a sensitive strain for this mechanism. 







  Comments to the CIC on Prioritization of Flonicamid 
Submitted by ISK Biosciences Corporation 


September 20, 2011 
  Page 4 of 5 


comparisons with the control were significant.  In the second study, incidence levels of combined 
adenomas and carcinomas in males were 24%, 33%, 33%, 30%, and 56% for controls and low to high 
doses and in females were 20%, 25%, 29%, 38%, and 36% for controls and low to high doses.  In this 
study, the increasing incidence trends were significant and the pairwise comparisons with the high-dose 
males and the two highest dose females were significant. 


Mitogenic Mode of Action with Threshold Dose for Tumors in CD-1 Mice:  The US EPA concluded 
that “… the lung tumors in CD-1 mice fed flonicamid are due to mitogenesis, a non-linear, non-genotoxic 
mode of action for which a threshold has been established.”   The US EPA conclusions were based on the 
following information: 


1) In vivo and in vitro mutagenicity studies confirm that flonicamid is not mutagenic. 


2) The BrdU labeling index studies demonstrated the following: 


 There was a dose-response concordance between the lung tumors and cell proliferation.  
The threshold level is between 80 and 250 ppm 


 A temporal relationship was demonstrated, supporting the mode of action.  The 
proliferative response was identified as early as 3 days and was present through 28 days 
of administration. 


 The early mitogenic effect is reversible 
 The data support direct mitogenesis as a cause for the increased proliferation rather than 


cytotoxicity and regeneration.  There was no evidence of necrosis by light microscopy or 
by transmission electron microscopy. 


 A clear species difference was observed between mice and rats in the incidence of lung 
tumors and the BrdU Index studies.  No tumors were seen in the lungs of rats.  The 
flonicamid induced increase in the BrdU Index appears to be related to different 
sensitivity of strains of mice, with the CD-1 mice being a relatively sensitive strain.” 


The mode of action studies included five BrdU labeling studies that showed that following: 


 “treatment with flonicamid in mice increased labeling as early as day 3 
 The level of labeling was less at day 7 compared to day 3 
 Day 7 and day 28 had similar labeling levels 
 Animals on withdrawal from treatment with flonicamid recovered in one week 
 Labeling occurs in the mouse, but not in the rat 
 Labeling in the mouse lung shows strain sensitivity 
 Labeling does not occur with the investigated flonicamid metabolites” 


These studies showed that cell proliferation in mice lungs was a mitogenic response to flonicamid by 
Clara cells.  After 28 days of dietary exposure to flonicamid, mouse Clara cells increased in numbers, 
length and size, but returned to normal after one week of recovery.  A histopathological study of the 
mouse lung conducted after 28 days of dietary exposure to flonicamid “… revealed no evidence of 
cell necrosis, damage or inflammatory response around the examined activated Clara cells.” 
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No Structure Activity Relationships: The CARC concluded the following: 


“There was no SAR information that was useful in the weight-of-the-evidence analysis.” 


Conclusions on Flonicamid – Low Priority: Flonicamid is an agricultural insecticide with a novel 
mode of action that has high benefits to California agriculture and causes little exposure to California 
residents.  It is primarily used on cotton and alfalfa grown for seed and it is not used in or around 
residences or play areas.  It causes alveolar/bronchiolar tumors in a sensitive mouse species by a non-
genotoxic mechanism, but carcinogenicity testing and mechanistic tests show that it does not cause 
alveolar/bronchiolar tumors in rats.  Mechanistic tests show tumors in mice are caused by a 
mitogenic mechanism that requires over threshold doses and effects are fully reversible after 28 days 
of treatment.  Flonicamid metabolites are neither toxic nor mutagenic.  Therefore flonicamid risk, if 
any to humans, is unlikely and we request that the CIC make evaluation of flonicamid low priority. 


References: 


*US EPA CARC.  2005.  Cancer Assessment Document.  Evaluation of the Carcinogenic Potential of 
Flonicamid. 


                                                           
* Enclosed reference. 
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Comments to the CIC on Prioritization of Fluazinam 


Electronic Submission 
 
Ms Cynthia Oshita 
Office of Environmental Health Hazard Assessment 
1001 I Street 
Sacramento, CA  95814 
 
Dear Ms Oshita, 


On  behalf  of  ISK Biosciences,  TSG  is  submitting  scientific  information  on  fluazinam  pertaining  to  the 


Carcinogen Identification Committee’s prioritization that will occur on October 12 – 13, 2011.  Fluazinam 


is one of thirty‐nine chemicals included in the prioritization process. 


Fluazinam’s toxicology is well studied and it has been carefully reviewed by the US EPA.  Fluazinam has 


not been used  in California but  it could be used  in  the  future.   Fluazinam  is a  fungicide with a unique 


structure believed  to have a multi‐site mode of action  that  is  important  in  resistance management of 


some plant diseases.   It has  low exposure characteristics since  is not used  in California and future uses 


would  be  limited  to  agricultural  uses.    Although  fluazinam  is  not mutagenic,  thyroid  tumors  in  rats 


occurred with borderline significance and follow up studies suggested a mechanism that is not likely to 


be  relevant  to humans.   Mouse  liver  tumors also occurred but were not  confirmed at  the  same and 


higher doses  in  the same strain of mice.   As a  result of US EPA’s existing  review, and  fluazinam’s  low 


exposure potential and non‐genotoxic borderline effects that are  likely to be species specific,  it would 


seem reasonable to assign fluazinam a low priority. 


Sincerely, 


 
enclosures 
 
cc: Greg Leyes, ISK Biosciences Corporation 


  Files 







 


 
Technology Sciences Group Inc. 
Greg W Gorder, Ph.D. 
Senior Managing Scientist 
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Background:  This document was submitted to the Proposition 65 Carcinogen Identification Committee 
(CIC) under a process administered by California's Office of Environmental Health Hazard Assessment 
(OEHHA) that allows public input on chemical prioritization.  Fluazinam is one of thirty-nine chemicals 
or groups of chemicals that are scheduled to be prioritized by the CIC in their October meeting.   


Fluazinam is an agricultural fungicide that controls potato blight, sclerotinia on peanuts and other 
important plant diseases and pathogens.  It was first registered by the US Environmental Protection 
Agency (US EPA) for use on potatoes and peanuts in 2001.  It has a unique structure1and is believed to 
have a multi-site mode of action that is likely to be effective against pathogens that are resistant to other 
fungicides.  Although it is not a new fungicide, it has never been used in California.  Fluazinam is likely 
to be registered and used in California in the future.  It will be used in pest management programs to 
control pathogen resistance to other fungicides.   


Summary; Fluazinam toxicology is well studied and its database includes carcinogenicity and 
genotoxicity studies that were reviewed by the US EPA in 2001 as part of their mandate to protect public 
health and four mechanistic studies that were completed and submitted to the US EPA after the CARC 
review (Harada, 2001, Harada, 2004, Harada, 2005a and Harada, 2005b).  The US EPA, an authoritative 
body under Proposition 65, did not find fluazinam to be either carcinogenic to humans or likely to be 
carcinogenic to humans.  Fluazinam also has low exposure characteristics.  The combination of its 
exposure characteristics and the US EPA’s recent thorough review of the cancer data should provide the 
CIC with confidence that fluazinam is not a significant threat to the health of Californians and that a low 
priority assignment is appropriate. 


Low Potential for Consumer/Residential Exposure:  Currently, Californians only have exposures to 
trace fluazinam on crops grown outside of California.  The US EPA has established tolerances for 
fluazinam residues on food crops so when legally used, dietary exposures will be insignificant when 
compared to acute and chronic health endpoints.  Fluazinam is not contained in consumer products, so 
members of the general public will not have product use exposures.  Once fluazinam is registered for use 
in California it will be used in agricultural fields and not in or around residential buildings or play areas, 
so members of the general public will have low potential for environmental exposures. 


                                                           
1It is the only current fungicide categorized as a pyridinamine fungicide. 
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Carcinogenicity Conclusions of the US EPA (Authoritative Body under Proposition 65): The US 
EPA assembled a Cancer Assessment Review Committee (CARC) in January of 2001 and its final report 
was issued March 29, 2001.  The CARC evaluated four chronic toxicity/carcinogenicity studies, two in 
Sprague-Dawley rats and two in CD-1 mice.  They also evaluated metabolism, mutagenicity, and and 
potential structure-activity relationships.  The CARC concluded the following: 


“In accordance with the EPA Draft Guidelines for Carcinogen Risk Assessment (July 1999), the 
CARC classified Fluazinam into the category “Suggestive Evidence of Carcinogenicity, but 
Not Sufficient to Assess Human Carcinogenic Potential” based on the following weight-of-
the-evidence considerations: 


1. There was some evidence that fluazinam induced an increase in thyroid gland follicular cell 
tumors in male rats, but not in female rats.  In one study in mice, there was clear evidence 
that an increased incidence of hepatocellular tumors observed in the male mice was 
treatment-related.  In another study in mice, there was equivocal/some evidence that 
fluazinam may have induced an increase in hepatocellular tumors in the male mice.  Increases 
in hepatocellular tumors observed in the female mice in the latter study were not statistically 
significant and some occurred at an excessively toxic dose level.  The thyroid gland follicular 
cell tumors of concern were seen only in male rats and the hepatocellular tumors of concern 
were seen only in male mice. 


 
2. Fluazinam was negative in a battery of acceptable mutagenicity assays.” 


Fluazinam is Not Mutagenic:  The CARC reviewed numerous genotoxicity studies and concluded the 
following: 


“The CARC concluded that technical grade fluazinam was negative for mutagenic potential in a 
battery of acceptable mutagenicity studies.  These studies included two reverse gene mutation 
assays in bacteria, two mouse lymphoma forward gene mutation assays, a mammalian cell 
cytogenetics assay, and a mouse bone marrow micronucleus assay.” 


Fluazinam is Poorly Absorbed and Extensively Metabolized: Fluazinam administered at 0.5 or 50 
mg/kg only had 33 – 40% absorption with the remainder excreted in the rat feces.  Urinary excretion was 
minor and 89 to 100% of the administered dose was excreted in the feces.  Much of the metabolic residue 
was bound in the fecal material and difficult to extract and identify.  Metabolites included a mercapturate 
conjugate and a glucuronide conjugate.  Metabolite profiles from radiolabeled pyridyl and phenyl rings 
were similar and indicated no metabolic cleavage of the ring structures.  Genders had similar metabolic 
profiles. 


CARC Found Some Evidence of Thyroid Tumors in Male Rats: A 1988 test using groups of 60 male 
and 60 female Sprague-Dawley rats was conducted for up to 104 weeks by adding fluazinam to the diet at 
a high dose of 1,000 ppm.  The CARC considered dosing to be adequate but not excessive based on 
overall decreased body weight gain in males at the high dose and the histopathological lesions observed at 
≥ 100 ppm dose levels.  Doses were 0, 0.04, 0.38, 3.82 or 40 mg/kg-day for males and 0, 0.05, 0.47, 4.87 
or 53 mg/kg-day for females.   
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Thyroid gland follicular cell adenomas and carcinomas (combined) were found in males at incidence 
levels of 8%, 9%, 13%, 18%, and 23% for the control and low to high doses.  The trend was statistically 
significant and the high-dose pairwise comparison with the control was significant.  Mortality in the 
control group was 15% greater than mortality in the high dose group, and Peto’s Prevalence Test still 
showed a significant trend, but borderline statistical significance for the high dose pairwise comparison 
(p= 0.056).  Rats in the lower dose groups were not microscopically-examined for thyroid lesions unless 
abnormalities were observed in that organ at gross necropsy so incidences of thyroid tumors in the lower 
doses might be overestimated.  There were no treatment-related tumors in female rats.   


Pancreatic islet cell adenomas were found in males at incidence levels of 8%, 10%, 24%, 14%, and 18% 
for the control and low to high doses.  The trend was not statistically significant, pairwise comparisons 
with the control were not statistically significant, and all values were within the range of the historical 
controls.  Therefore, CARC concluded that pancreatic islet cell adenomas were not treatment related. 


A 1993 test using groups of 25 male and 25 female Sprague-Dawley rats was conducted for 104 weeks by 
adding fluazinam to the diet at a high dose of 100 ppm.  The CARC determined that dose levels were not 
high enough for assessment of carcinogenic potential.  Doses were 0, 1.0, 1.9, or 3.9 mg/kg-day for males 
and 0, 1.2, 2.4, or 4.9 mg/kg-day for females.  No increase in thyroid gland follicular cell adenomas and 
carcinomas (combined) was found in this study2.   


Mode of Action for Thyroid Tumors in Sprague-Dawley Rats:  Mechanism studies for the rat thyroid 
follicular cell tumor in rats were completed (Harada, 2004, Harada, 2005a) and submitted to US EPA 
after the CARC review.  The thyroid tumor mechanism for fluazinam appears to involve liver toxicity at 
high doses (1000 and 3000 ppm fluazinam in the diet) resulting in T4 excretion and decreased serum T4 
levels, and proliferation of thyroid follicular cells and increased TSH levels.  This in turn resulted in the 
secondary effect of increased thyroid follicular cell tumors in the male rat.  These thyroid effects were 
shown to be reversible.  This mechanism in rats is generally considered to be non-relevant to humans. 


CARC Found Treatment-Related Hepatocellular Tumors in CD-1 Mice in a 1988 Study but 
Hepatocellular Tumors were Not Confirmed at the Same Dose in CD-1 Mice in a 1996 Study:  Two 
tests were conducted with CD-1 mice with fluazinam added in the diet. Fluazinam dietary concentrations 
in the 1988 104 week study were up to 1000 ppm resulting in doses of 0, 0, 0.12 1.12, 10.7 or 107 mg/kg-
day for males and 0, 0, 0.11, 1.16, 11.7, or 117  mg/kg-day for females.  CARC considered the highest 
dose to be adequate but not excessive based on toxicity not considered to be severely adverse and there 
was no effect on survival of treated animals.  Fluazinam dietary concentrations in the 1996 study 
conducted for 104 weeks for males and 97 weeks for females (increased mortality) were up to 7000 ppm 
resulting in doses of 0, 126, 377 or 964 mg/kg-day for males and 0, 162, 453 or 1185 mg/kg-day for 
females.  CARC considered the highest dose in males to be adequate based on decreased body weight 
gains and liver, brain and spinal cord toxicity at the high dose which were not considered to be severely 
adverse.  The highest dose was considered to be excessive in females because of a significant increase in 
mortality. 


                                                           
2 There were no increases in thyroid tumors in this study even though the 1988 rat study showed a significant dose-
response trend for thyroid tumors and this study had a high dose equal to the second highest dose in the 1988 study. 
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In the 1988 study with mice, incidence levels of combined adenomas and carcinomas in males were 33%, 
38%, 31%, 29, and 62% for controls and low to high doses.  The increasing incidence trends were 
significant and the high-dose pairwise comparison with the control was significant.  The high-dose effect 
was categorized by CARC as treatment related.  There were no treatment-related tumors in female mice.  
In the 1996 study, incidence levels of combined adenomas and carcinomas in males were 18%, 31%, 
49%, and 33% for controls and low to high doses.  In this study, the incidence trend and the pairwise 
comparisons were not significant.  The mid-dose did have a significant pairwise comparison with the 
controls for adenomas alone.  The CARC concluded the following: 


“… the increase in hepatocellular tumors observed in the male mice in the 1988 mouse study at a 
dose level of 1000 ppm (107 mg/kg-day) was not confirmed in the 1996 mouse study at the same 
dose level (1000 ppm or 126 mg/kg-day) using the same strain of mice.  The Committee 
concluded that the evidence for carcinogenicity in the liver of male mice in this study was 
equivocal/some evidence because there was evidence suggesting a possible treatment-related 
increase in benign liver tumors.” 


Mode of Action Data for Hepatic Tumors in CD-1 Mice:  Subsequent to the CARC review, 
mechanism studies were conducted by ISK and submitted to the US EPA in which P450 induction and 
cell proliferation were demonstrated by feeding fluazinam to mice (Harada, 2001, Harada, 2005b).  This 
mechanism is very common for hepatocellular adenomas in mice and not likely to be a mechanism in 
humans.  These effects were shown to be reversible. 


No Structure Activity Relationships: The CARC concluded the following: 


“Fluazinam apparently has a unique structure.  HED is not currently aware of any structural 
anologs for this chemical.” 


Conclusions on Fluazinam – Low Priority: Fluazinam is an agricultural fungicide with a multisite 
mode of action that has potential benefits to California agriculture and causes little exposure to California 
residents.  When it is registered, it will be used in agriculture and not used in or around residences or play 
areas.  Fluazinam is not genotoxic.  One study in mice showed hepatocellular tumors in males but the 
results were not confirmed by a second test at the same dose level using the same strain of mice.  The 
mechanism is a very common type for such mouse liver tumors.  One study in rats showed thyroid tumors 
in males that had borderline significance (p = 0.056) when corrected for mortality in the controls.  The 
mechanism is also common in the rat liver-thyroid relationship and not likely to be relevant to human 
thyroid tumors.  Since fluazinam is a non-genotoxic chemical with minimal exposures in California and 
mechanisms that are not likely to be relevant to humans, we request that the CIC makes fluazinam 
evaluation low priority. 


References: 


Harada, T.  2001.  IKF-1216 Technical: Effects on Hepatic Drug-Metabolizing Enzyme Induction, Cell 
Proliferation and Oxidative Stress in Mice.  Document #IET 01-0018.  102 pages. 
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Reversibility in Rats.  Document #IET 05-0126.  101 pages. 


Harada, T.  2005b.  IKF-1216 Technical:  Additional Mechanistic Study on Hepatic Drug-Metabolizing 
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* Enclosed reference. 
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Ms. Cynthia Oshita 
Office of Environmental Health Hazard 
Assessment 
P.O. Box 4010, MS-19B 
Sacramento, CA  95812-40120 
 


Subject:   Public Comments Submission to Prioritization: Chemicals for 
CIC Consultation (July 2011) --Tris (2-Ethylhexyl) Phosphate   
 
Dear Office of Environmental Health Hazard Assessment (OEHHA): 
 
The following information regarding Tris (2-Ethylhexyl) Phosphate [CAS 
# 78-42-2] is being provided to OEHHA in response to its identification 
and subsequent consideration and review by the Carcinogen Identification 
Committee (CIC). LANXESS respectfully requests that these comments 
be reviewed by OEHHA and that they be made available to the CIC for its 
timely consideration at its next meeting on October 12 and 13, 2011 and 
in advance of its prioritization of the 39 chemicals scheduled for review at 
that time. 
 
In the “Other relevant data” section of the OEHHA summary document for 
Tris (2-Ethylhexyl) Phosphate, it is reported that there were both 
positive and negative results obtained in the micronucleus assay in 
B6C3F1 mouse bone marrow cells in vivo. It should be clarified and 
emphasized to the CIC that although a statistically significant, dose-
related increase in the number of micronucleus-containing polychromatic 
erythrocytes was detected in treated mice in an initial experiment, two 
subsequent repeats of this test in the same laboratory and with the same 
and higher doses produced negative results (Shelby, et al., 1993). Thus, it 
should be properly concluded that there is no reliable evidence of Tris (2-
Ethylhexyl) Phosphate being genotoxic in either in vitro or in vivo 
studies.  
 
Based on the results of the testing of Tris (2-Ethylhexyl) Phosphate in 
their 2-year studies, NTP concluded that there was equivocal evidence of 
carcinogenicity (increased incidences of pheochromocytomas of the 
adrenal glands) in male F344/N rats and some evidence of carcinogenicity 
(increased incidence of hepatocellular carcinoma) in female B6C3F1 mice 
(NTP, 1984).  


September 12, 2011 
 
LANXESS Corporation 
Susan Van Volkenburg 
Product Safety & Regulatory 
Affairs 
LANXESS Corporation 
111 RIDC Park West Drive  
Pittsburgh, PA 15275 – 1112 
Phone 412-809-3587 
Fax 412-809-1056 
susan.vanvolkenburg@ 
lanxess.com 
www.us.lanxess.com 
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In the assessment of the findings in the NTP studies the following observations warrant full 
consideration: 


1) In the Tris (2-Ethylhexyl) Phosphate NTP study in rats, the 4% (2/50) incidence of 
pheochromocytomas in the male control group was unusually low in comparison to the 
historical incidence of this neoplasm in male vehicle control F344/N rats [17.8%; range 2 
– 39%] (Appendix F, Table F1). Since the overall rates of pheochromocytomas in the 
test substance groups fell within the range of historical control incidences, it is uncertain 
whether these observations may reliably be attributable to Tris (2-Ethylhexyl) 
Phosphate administration. Furthermore, Greim, et al. (2009), reported that 
pheochromocytomas occur at high frequency in male rats secondarily to biochemical 
disturbances (e.g., hypoxia) and that such pheochromocytomas induced under toxic 
conditions are not relevant for classification and human risk assessment.   


2)  In the two-year study of Tris (2-Ethylhexyl) Phosphate in male and female B6C3F1 
mice, the statistical significance of the observed moderate increase of hepatocellular 
carcinomas might result from the low incidence of hepatocellular carcinoma in the 
concurrent control group in the study. Haseman et al. (1998)reported historical control 
data on tumor incidences for B6C3F1 mice (and F344 rats) used in the NTP program. 
The most frequently occurring neoplasm in untreated female B6C3F1 mice was liver 
adenoma/carcinoma (23.6%). This incidence is significantly higher than the reported 
incidences in the concurrent control group in this study (4% adenomas and 0% 
carcinomas). In addition, the incidence of hepatocellular carcinoma reported by 
Haseman et al. (1998) in the historical control data for females ranged from 0 - 20% 
[mean value 8.4%] (Table II, p. 434).  The recorded incidences of hepatocellular 
carcinoma in the high and low dose Tris (2-Ethylhexyl) Phosphate treated groups (14 
and 8%,respectively) also fall within the historical control values and thus too may be of 
questionable significance. Finally, it has been reported that mice, in particular the 
B6C3F1 strain, are very sensitive to the induction of liver tumors (Maronpot et al.,1987). 


 
These same concerns with the conclusions of the NTP studies have also been reported 
elsewhere. As discussed by The Center for Research Information, Inc. in a report (CRI, 2004) 
prepared for the National Academies, “The NTP concluded that neither result could be deemed 
sufficient to establish a significant risk of carcinogenicity for humans” based on the following 
factors: (1) the lack of evidence of genotoxicity, (2) the general rarity of hepatocellular 
carcinomas, (3) the inability to conclude that the increased incidences of pheochromocytomas 
of the adrenal glands were attributable to the administration of Tris (2-Ethylhexyl) Phosphate 
(the observed increases were significant when compared with concurrent vehicle controls but 
similar to historical vehicle control incidences), and (4) the neoplastic lesions occurred in only 
one sex of each species tested. 
 







 


 


 


Page 3 of 4 
 


Page 3 of 4 


 
 
 
 
 
In conclusion, LANXESS is in agreement with the evaluation and conclusion of The International 
Programme on Chemical Safety report (IPCS, 2000) that “these results are not considered to 
indicate that TEHP presents a carcinogenic risk to humans”. 
 
Thank you for the opportunity of providing comments and your forwarding of these 
comments to the CIC for their review and consideration.  
 
Sincerely, 


 
Susan Van Volkenburg 
Director, Product Safety and Regulatory Affairs 
Phone: 412-809-3587 
Fax: 412-809-1056 
susan.vanvolkenburg@lanxess.com 
 
cc:  File 
Attachment: References 
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September 20, 2011 
 
Via E-Mail 
 
 
 
Ms. Cynthia Oshita 
Office of Environmental Health Hazard Assessment 
P.O. Box 4010, MS-19B 
Sacramento, California 95812-4010 
 


Re: Consideration of BPA by the Carcinogen Identification Committee 
under Proposition 65        


 
Dear Ms. Oshita: 
 


The North American Metal Packaging Alliance, Inc. (NAMPA)1 is pleased to 
submit these comments in response to the Office of Environmental Health Hazard Assessment’s 
(OEHHA) notice related to the Carcinogen Identification Committee’s (CIC) consideration of 
bisphenol A (BPA) at its October 12 and 13, 2011, meeting.  Based on available science, current 
government agency reviews, and importance of BPA for maintaining food safety, NAMPA 
believes that BPA should receive a low priority for possible preparation of hazard identification 
materials for consideration of listing under Proposition 65 (Prop 65).   
 


Government Reviews Conclude BPA Is Safe; No Listing as Carcinogen 
 


The OEHHA documentation on BPA appropriately notes that BPA is used to 
manufacture epoxy resins used in the interior coatings for food and beverage cans and 
packaging.  The report also notes that the primary source of exposure to BPA for most people is 
through their diet.  As outlined in Appendix A, the use of BPA in food contact applications has 
been intensely evaluated by multiple global agencies and health organizations, and all are in 
agreement that BPA use in metal packaging is safe.  Among the international bodies that have 
recently convened BPA reviews or re-reviews within the last few years are the World Health 
Organization, the U.S. Food and Drug Administration (FDA), the European Food Safety 
Authority, the German Federal Institute for Risk Assessment, Food Safety Australia and New 


                                                 
1  NAMPA is a not-for-profit corporation committed to protecting health through the safety 


of metal packaging and metal packaged foods.  NAMPA’s membership includes 
companies and associations representing various sectors along the supply chain for the 
food and beverage packaging industry. 
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International Government Agency Findings of BPA Safety in Metal Packaging 
September 2011 


 
Global 


 
World Health Organization 


 
In November 2010, the World Health Organization (WHO) convened a panel of experts to 
review and assess the current scientific research on bisphenol A (BPA).  Participants included 
scientists from the European Food Safety Authority (EFSA), Health Canada, the National 
Institute of Environmental Health Sciences, and the U.S. Food and Drug Administration (FDA).  
The panel specifically considered “low dose” studies that have received a great deal of publicity, 
despite criticism from the scientific community regarding study design, applicability to humans, 
and other areas of concern. 


In its summary report, the panel confirmed that human exposure levels are extremely low, that 
BPA does not accumulate in the body, and is rapidly eliminated through normal bodily functions.  
With regard to low dose studies, the panel noted that “[t]here is considerable uncertainty 
regarding the validity and relevance of these observations.  While it would be premature to 
conclude that these evaluations provide a realistic estimate of the human health risk, given the 
uncertainties, these findings should drive the direction of future research with the objective of 
reducing this uncertainty.” 
 


United States 
 


Food and Drug Administration 
 
On January 15, 2010, the FDA issued an interim update of its review of BPA, and announced its 
intention to continue the ongoing scientific research and evaluation of the substance.  In a 
statement consistent with other international regulatory bodies, FDA reiterated its fundamental 
position that FDA approved uses are safe and that BPA exposure has not been proven to harm 
children or adults in current uses.  On the basis of some recent studies, however, the agency 
slightly modified its previous stance to reflect “some” concern with BPA, a position similar to 
that expressed by the National Toxicology Program (NTP).  As a result, the agency is seeking 
additional research to answer key questions and clarify uncertainties about the risks of BPA. 
 
Prior to the January announcement, FDA had been reviewing emerging literature on BPA on a 
continuous basis for years.  In 2008, FDA issued a report stating that there is a large body of 
evidence indicating that FDA-regulated products containing BPA are safe and that exposure 
levels to BPA from food contact materials, including for infants and children, are below those 
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that may cause health effects.  In October of 2008, the FDA Science Board recommended that 
FDA re-examine its conclusion, given a host of new studies, paucity of sample data, and several 
other issues.  The latest review and assessment occurred in response to that recommendation.  
 


California Developmental and Reproductive Toxicant Identification Committee 
 
In July 2009, an independent regulatory panel in the State of California completed a thorough 
review of all the scientific evidence on BPA as part of a chemical review process required under 
Proposition 65, the state’s listing of dangerous chemicals.  Following its review, the California 
Developmental and Reproductive Toxicant Identification Committee (DARTIC) concluded that 
BPA is not toxic and does not pose a risk to consumers.  Committee members determined that 
BPA is not a developmental or reproductive toxicant, and as a result, the Committee voted 
unanimously not to include BPA on Proposition 65.  
 


Europe 
 


European Food Safety Authority 
 


In September 2010, EFSA issued its latest review of the scientific research on BPA concluding 
that, based on current scientific evidence, there is no reason to revise the current recommended 
human exposure level for BPA.  Specifically, the members of this renowned international 
government authority on food safety, in a majority opinion, stated clearly that they “could not 
identify any new evidence which would lead them to revise the current Tolerable Daily Intake 
for BPA of 0.05 mg/kg body weight” as previously established by EFSA in 2006.  
 
Following a “detailed and comprehensive review” of recent scientific literature and studies, 
EFSA also stated “the data currently available do not provide convincing evidence of 
neurobehavioral toxicity of BPA.”  The panel specifically considered recent neurotoxicity 
studies, including the research conducted by Stump et al., and found the Stump data to be 
“inconclusive with respect to learning and memory and of limited value for the risk assessment 
of BPA.”  Based on the 2010 literature review, EFSA “…does not consider the currently 
available data as convincing evidence that BPA has any adverse effects on aspects of behaviour, 
such as learning and memory.” 
 
This latest assessment is consistent with EFSA’s past statements that the current Tolerable Daily 
Intake (TDI) provides a sufficient margin of safety for the protection of infants, children, or 
adults.  In July 2008, the EFSA Panel reaffirmed its 2006 risk assessment findings on BPA.  The 
Panel also concluded that the differences in age-dependent toxicokinetics of BPA in animals and 
humans would have no implication for its original findings. 
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European Commission’s Institute for Health and Consumer Protection 
 
In February 2010, the European Commission’s Institute for Health and Consumer Protection 
issued a complete risk assessment report for BPA and included a new 2008 addendum to the 
substance’s original 2003 report.  In this latest update, EU officials concluded that for consumers 
exposed to BPA, “there is at present no need for further information and/or testing or for risk 
reduction measures beyond those which are being applied already.”  The Commission stated that 
there are no risks from physico-chemical properties arising from the use of BPA, and as a result, 
there is no need for further information and/or testing and for risk reduction measures beyond 
those that are being applied already. 
 


Germany 
 
In July 2010, the German Federal Institute for Risk Assessment (BfR) -- the German equivalent 
of the U.S. FDA -- released its latest assessment of two new studies that sought to determine 
effects of BPA on neurological and behavioral development in test animals exposed to the 
chemical.  Following its review of the two studies (Stump et al. and Ryan), the BfR concluded 
that the results “do not substantiate the concerns for a specific toxic potential of bisphenol A 
adverse to neurological and behavioural development.”  
 
This latest action by the BfR is consistent with its previous assessments of BPA, released on 
October 2, 2009, when the agency reiterated its conclusions that BPA does not pose a health risk 
to people.  In an updated Frequently Asked Questions (FAQ) document posted to its website, 
BfR responded to several questions about the safety of BPA in plastic baby bottles, stating that 
“Following careful examination of all studies, in particular the studies in the low dose range of 
bisphenol A, BfR comes to the conclusion in its scientific assessment that the normal use of 
polycarbonate bottles does not lead to a health risk from bisphenol A for infants and small 
children.” 
 
In evaluating the effects of BPA, the German body concluded that BPA has low acute toxicity, 
has no carcinogenic effects, and though it is considered an “endocrine disruptor,” the effects are 
significantly different in humans versus laboratory animals. BfR stated:  “In the human body 
bisphenol A is rapidly converted into a metabolite that no longer has any oestrogenic activity and 
is eliminated via the kidneys.  More recent findings indicate that this constitutes a major 
difference to rodents which present slower elimination of bisphenol A in experimental studies.” 
 


Australia/New Zealand 
 
In October 2010, Food Standards Australia New Zealand (FSANZ), an independent statutory 
agency responsible for setting food standards in the two countries, announced that following a 
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recent survey of BPA levels found in foods and beverages in Australia, the agency affirmed its 
earlier conclusion that consumers are exposed to very low levels of BPA through food and 
beverage consumption.  FSANZ stated that the results of its survey “provide additional assurance 
that BPA concentrations in Australian food do not pose a health risk to consumers.”  While 
acknowledging that there are some unresolved uncertainties in the data on BPA, the agency 
noted that further studies are currently being conducted in the US to address these uncertainties, 
and that FSANZ will assess these new studies when they become available and provide advice to 
government on the level of risk. 
 


Canada 
 
Despite advising Canadian consumers that BPA does not pose a human health risk, the Canadian 
government took action in October 2010 to add BPA to its list of toxic substances, under the 
Canadian Environmental Protection Act (CEPA).  The decision was based on findings by the 
Canadian government of potential human health and environmental effects, stemming from 
concerns with effects to aquatic environment and previously cited uncertainties raised in some 
studies relating to the potential effects of low levels of BPA exposure on infants and young 
children.  There are no regulations associated with the CEPA listing, aside from providing 
Canada the ability to consider regulatory options that may or may not involve food packaging at 
some point in the future. 
 
The CEPA listing of BPA does not negate the perspective offered by Health Canada regarding 
use of BPA in food contact applications.  A government fact sheet advises Canadian consumers 
that they can continue to use polycarbonate water bottles and consume canned foods and 
beverages because exposure levels are very low.  The Health Canada Food Directorate 
specifically states “the current dietary exposure to BPA through food packaging uses is not 
expected to pose a health risk to the general population, including newborns and infants.” 
 
The government’s reiteration of the safety of BPA for use in food packaging is supported by 
several recent studies conducted by Health Canada.  In June 2010, Health Canada released the 
results of a new survey of BPA exposure levels in a variety of canned foods, which confirmed 
that foods packaged in BPA epoxy resin coated metal cans do not pose a health risk.  At that 
time, Health Canada officials confirmed their previous conclusion regarding dietary exposure to 
BPA through food packaging.  


 
In March 2009, Health Canada released research findings that showed levels of BPA in soft 
drinks were far below established regulatory levels.  The report concluded:  “The results of this 
survey clearly indicate that exposure to BPA through the consumption of canned drink products 
would be extremely low.  The low levels of BPA found in canned drink products available for 
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sale in Canada confirm Health Canada’s previous assessment conclusion that the current dietary 
exposure to BPA through food packaging uses is not expected to pose a health risk to the general 
population.” 
 
In July 2009, Health Canada released the results of a series of new studies investigating BPA 
exposure levels in baby food in glass jars with metal lids, powdered infant formula, and bottled 
water.  The results from these three government studies provided definitive confirmation that 
baby food products packaged in glass jars with metal lids, powdered infant formula, and bottled 
water do not pose a health risk.  
 
Researchers found that all levels of BPA found in tested products were exceedingly low and all 
are well below the level established as safe for consumers by the Canadian government.  In 
issuing the final reports, Canadian officials concluded that the assessments of baby food, 
powdered infant formula, and bottled water all confirmed that current dietary exposure is “not 
expected to pose a health risk to the general population, including infants and newborns.”  
Moreover, exposure to BPA through consumption of bottled water or jarred food would be 
“extremely low” and far below the migration limit set by Health Canada. 
 


Japan 
 
In July 2011, the Japanese Research Institute of Science for Safety and Sustainability (RISS) 
released a comprehensive investigative review of all scientific studies on BPA that characterized 
possible risks from BPA exposure as “very small.”  The report was prepared by RISS, a division 
of the National Institute of Advanced Industrial Science and Technology (AIST), a publicly 
funded research organization that conducts risk and hazard assessments of chemicals.  Scientists 
at RISS reviewed studies published after 2005 to update their previous hazard assessment, 
published in 2005.  The review included an assessment of published, peer-reviewed studies of 
reproductive toxicity, neurotoxicity, and carcinogenicity from BPA exposure.  This review, like 
the 2005 review, found that current uses of BPA pose very little risk to consumers. 
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Zealand, Health Canada, and most recently, the Research Institute of Science for Safety and 
Sustainability in Japan.  The exhaustive reviews by these esteemed authoritative bodies included 
all available data on BPA, including in-vivo and in-vitro research, epidemiology studies, 
mutagenicity/genotoxicity studies, and carcinogenic assays.  All the organizations determined 
that the current science does not support the listing of BPA as a carcinogen. 
 


It would be repetitive and unnecessary for California to engage in yet another 
review of BPA, when the federal and international level organizations have already engaged in 
such reviews, and will continue to assess BPA as new data are developed. 
 


Positive Human Health Impacts of BPA-Based Epoxy Resin Coatings 
 


In addition to the reviews already conducted, which negate the need for California 
to engage in its own review, NAMPA requests that CIC members also consider the important 
role that epoxy resin coatings derived from BPA and the metal packaging play in maintaining 
food and beverage safety.  Metal packaging protects food quality and nutrition, while enabling 
high temperature sterilization that eliminates the dangers of food poisoning from microbial 
contaminants.  According to FDA records, there has not been an incidence of food-borne illness 
from metal packaged foods in more than 30 years.  The same cannot be said for fresh, 
refrigerated, or frozen foods, all of which have been involved in tragic food poisoning cases over 
the last few years.  
 


In addition to the benefits of food safety, canned food products play a critical role 
in feeding those in need; a role that cannot be easily or effectively replaced by fresh, refrigerated, 
or frozen alternatives.  Metal packaged products offer a significantly longer shelf-life for foods, 
making them the best option to provide nutritious foods at the lowest possible cost to people 
around the world.  Metal packaged products offered through local food pantries or Women, 
Infants, and Children (WIC) programs provide invaluable assistance to citizens in need.  The 
Committee should recognize that in over the last several years, more than half of the infants born 
in California depended upon WIC each month.   
 


It is clear that the use of BPA-based epoxy coatings in metal packaging provides 
real, important, and measurable health benefits.  By reducing the potential for the serious and 
often deadly effects from food-borne illnesses, epoxy coated metal cans protect human health.  
As the industry that is responsible for providing packaging that ensures safe and nutritious food, 
we are seriously concerned about the impact on food safety if BPA is listed as a high priority 
under the CIC process.  We do not want the citizens of California to move away from a proven 
method for ensuring food safety, and put their health at risk.   
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Thank you for consideration of our input.  We look forward to the October 12 and 
13, 2011, meeting and feedback of the CIC.   
 


Sincerely, 


 
John M. Rost, Ph.D. 
Chair, NAMPA 
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NMP 


September 20, 2011 
 
Via E-Mail 
 
 
 
Ms. Cynthia Oshita 
Office of Environmental Health Hazard Assessment 
P.O. Box 4010, MS-19B 
Sacramento, CA  95812-4010 
 


Re: Consideration of NMP by the CIC under Proposition 65 
 
Dear Ms. Oshita: 
 


The N-Methylpyrrolidone (NMP) Producers Group, Inc. (Group) is pleased to submit these 
comments in response to the Office of Environmental Health Hazard Assessment’s (OEHHA) notice related to 
the Carcinogen Identification Committee’s (CIC) consideration of NMP at its October 12 and 13, 2011, meeting.  
For the reasons set forth below, the Group believes that CIC should view NMP as a low priority chemical. 
 


International Assessment Did Not Identify NMP as Carcinogen 
 


The July 2011 OEHHA document, “Prioritization:  Chemicals Identified for Consultation with 
the Carcinogen Identification Committee,” includes a table summarizing the exposure characteristics and types 
of studies providing evidence of carcinogenicity (see pages 7 and 8).  Of the 18 separate characteristics listed in 
the table, NMP is noted as having only three:  (a) widespread exposure; (b) two or more animal studies; and (c) 
genotoxicity.  These characteristics were among those the U.S. Environmental Protection Agency (EPA) 
presented to the international regulatory community at the April 2007 Screening Information Data Set (SIDS) 
Initial Assessment Meeting (SIAM) in Paris, France.1  After the international community reviewed the relevant 
data, the potential carcinogenicity of NMP was not identified as a human health concern; consistent with its 
review at SIAM.  A copy of the SIDS Initial Assessment Profile (SIAP) from the 2007 meeting is appended for 
your reference. 
 


NMP Has Only Limited Exposure Potential 
 


NMP is used as an intermediate and as a solvent by a wide variety of industries such as 
petrochemical processing and producers of electronics, cleaners, coatings, pharmaceuticals, agricultural, and 
photographic chemicals.  Manufacturing and distribution processes, however, utilize engineering practices (e.g., 
closed systems, adequate ventilation) and protective equipment (e.g., gloves) to eliminate/reduce potential 
exposure to NMP, which due to its low volatility is limited primarily to dermal exposures.2  Most of the NMP-


                                                 
1  Organization for Economic Cooperation and Development (OECD), SIDS Initial Assessment Report for 


N-methyl-2-pyrrolidone (SIAR) (2007), available at 
http://webnet.oecd.org/hpv/ui/SIDS_Details.aspx?id=996f9cea-4b30-4e70-9e54-8def28e023eb. 


 
2  American Industrial Hygiene Association (AIHA), The AIHA 1999 Emergency Response Planning 


Guidelines and Workplace Environmental Exposure Level Guides Handbook, p. 40 (1999); see also 
Scientific Committee on Occupational Exposure Limits (SCOEL), Recommendation from the Scientific 
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NMP 


containing consumer products are household and car cleaning agents, paints, adhesives and sealants, paint 
strippers, and coated fabrics, which with the possible exception of paint strippers pose a limited exposure 
potential. 
 


NMP Does Not Meet Listing Criteria for Animal Studies 
 
  The OEHHA prioritization document indicates that NMP was positive in two or more animal 
studies.  This statement is inaccurate.  OEHHA correctly states that there are three rodent carcinogenicity 
studies; two studies (rats) were negative, while one study (mice) was positive.  Lifetime exposures of rats to 
NMP via either (a) the diet (≤ 678 (m) / 939 (f) mg/kg; or (b) whole-body inhalation (100 ppm) did not result in 
carcinogenic effects (Malley et al., 2001; Lee et al., 1987).  [Note: For reference, the median LD50 for NMP in 
five rodent studies is approximately 4,000 mg/kg; the current eight-hour time-weighted average concentration 
for NMP in the workplace is 10 ppm (AIHA, 1999; SCOEL, 2007)].  In the one positive study (Malley et al., 
2001), liver tumors were observed in B6C3F1 mice exposed to NMP via the diet, but only at the highest dose 
tested (1089 (m)/1399 (f) mg/kg).  These liver effects are a consequence of enzyme induction, a non-genotoxic 
effect to which B6C3F1 mice are extremely sensitive (see OECD SIAR, 2007).   
 


NMP Is Not Genotoxic Either in Vivo or in Vitro 
 


The OEHHA prioritization document indicates that NMP is genotoxic.  This conclusion is 
inconsistent with the robust database of in vitro and in vivo studies demonstrating that NMP is not genotoxic.  
The single positive study OEHHA identified was an in vitro study in yeast where aneuploidy was reported at 
cytotoxic (heroic) NMP concentrations (154 to 229 mM), but not at non-cytotoxic levels (77.6 to 128 mM).  The 
potential induction of aneuploidy was tested in vivo by Engelhardt and Fleig (1993) who reported that oral 
NMP doses up to 3,800 mg/kg did not induce structural or numerical chromosomal aberrations.  These authors 
also noted that the positive yeast assay required, in addition to cytotoxic NMP levels, cold-shock, a treatment 
known to destroy the cell spindle.  At SIAM, the yeast study was judged invalid (an unsuitable test system of 
little biological relevance).  OECD guidelines limit the non-cytotoxic concentration of in vitro studies to 10 mM 
due to test artifacts that occur at higher levels. 
 
  Thank you for consideration of our input.  We look forward to the October 12 and 13, 2011, 
meeting and feedback of the CIC.   
 


Respectfully submitted, 
 


Ralph J. Parod 
 
Ralph Parod, Ph.D., DABT 


 
 
 
Attachment 


                                                 
Committee on Occupational Exposure Limits on N-methyl-2-pyrrolidone (2007), available at 
http://ec.europa.eu/social/BlobServlet?docId=3867&langId=en. 
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SIDS INITIAL ASSESSMENT PROFILE 


CAS No. 872-50-4 


Chemical Name  1-methyl-2-pyrrolidone 


Structural Formula 


 


SUMMARY CONCLUSIONS OF THE SIAR 


Human Health 


1-methyl-2-pyrrolidone (NMP; N-methylpyrrolidone) is rapidly and well absorbed following 
inhalation (40% - 60%), oral (�100%) and dermal (�100% depending on conditions) routes of 
exposure. In rats, NMP is distributed throughout the organism and eliminated after hydroxylation to 
polar compounds via the urine. About 80% of the administered dose is excreted as NMP and NMP 
metabolites within 24 hours. The major metabolite is 5-hydroxy-N-methyl-2-pyrrolidone (5HNMP). 
Studies in humans show that NMP is rapidly biotransformed to 5HNMP, which is further oxidized to 
N-methylsuccinimide (MSI); this intermediate is further hydroxylated to 2-hydroxy-N-
methylsuccinimide (2HMSI). The excreted amounts of NMP metabolites in the urine after inhalation 
or oral intake represented about 100% and 65% of the administered doses, respectively. Excretion of 
5HNMP is useful as a biological marker for NMP exposure. 


Dermal penetration through human skin has been shown to be very rapid and the absorption rate is in 
the range of 1 - 2 mg/cm2/h, which is 2 to 3-fold lower than those observed in the rat. Prolonged 
exposures to neat NMP was shown to increase the permeability of the skin. Water inhibits dermal 
absorption while organic solvents (e.g., d-limonene) can increase it. The dermal penetration of 10% 
NMP in water is 100-fold lower than that of neat NMP, while dilution of NMP with d-limonene can 
increase the absorption of NMP by as much as 10-fold. The dermal absorption of neat NMP indicated 
that dermal absorption 1 hour post-exposure was greatest under unoccluded  (69%), followed by semi-
occluded (57%) and occluded (50%) conditions. 


Oral LD50 values range from 3605 - 7725 mg/kg bw in rats and mice and dermal LD50 values range 
from 5000 - 7000 mg/kg in rats. Reliable inhalation exposure studies were generally conducted with 
vapor/aerosol mixtures. The representative LC50 was >5.1 mg/l/4h in rats. 


NMP is a mild skin and eye irritant in rabbits. In humans, NMP is not irritating to the eyes and upper 
respiratory tract but is a skin irritant. No valid animal data on skin sensitization exist. Experience at 
the workplace does not indicate such an effect. In rats, repeated exposure to aerosols under whole 
body conditions causes severe toxic effects (lethargy, respiratory effects and mortality at high 
exposures) as a consequence of mixed oral (grooming), dermal and inhalation exposure. 


However, after 90-day head-nose aerosol exposures of NMP in rats, only high concentrations caused 
systemic effects including testicular damage and local respiratory tract irritation. The no observed 
adverse effect concentration (NOAEC) was 0.5 mg/l. Repeated dermal exposure to rabbits led to 
mortality at high dose levels without other signs of systemic toxicity. The no observed adverse effect 
level (NOAEL) was 826 mg/kg bw, while 413 mg/kg bw was the lowest observed adverse effect level 
(LOAEL) for local irritation. Repeated oral administration did not lead to the identification of a target 
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organ for systemic toxicity, although systemic effects were observed (decreased body weight, 
testicular atrophy, thymic atrophy, swelling of distal kidney tubuli). In all species tested, urine 
discoloration was the only indicator of systemic availability of NMP. In a 4 week feeding study in 
rats, unspecific signs and adaptive liver effects were observed. The NOAEL was 6000/18000 ppm 
(429/1548 mg/kg bw, males/females). In a 90-day oral study in rats, the liver and kidney weights were 
increased and hepatocellular hypertrophy in females was the only histopathological finding. Males 
exhibited slight and reversible neurological alterations in a few parameters (increase in foot splay, 
higher incidence in low arousal and slight light palpebral closure) mainly suggestive of a mild 
sedative effect, which is not considered an indication for specific neurotoxicity. The NOAEL was 
3000 ppm for both sexes (169/217 mg/kg bw, males/females). In a 4 week dietary oral study in mice, 
renal impairment was observed. The NOAEL was 2500 ppm for both sexes (820 mg/kg bw). In a 90-
day feeding study in mice, adaptive liver effects in the form of increased weight and histopathological 
findings were observed. The NOAEL was 1000 ppm (about 229/324 mg/kg bw, males/females). In 
dogs, no substance-related findings were observed. The NOAEL was the highest dose level tested (250 
mg/kg bw). 


NMP showed no mutagenic/genotoxic potential in several bacterial and mammalian test systems in 
vitro, covering different genetic endpoints (point mutations, DNA damage and repair). In vivo no 
clastogenic or aneugenic potentials of NMP were reported for somatic or germ cells. NMP showed no 
oncogenic potential in the rat after long-term exposure via inhalation or dietary administration. 
However, in mice, NMP revealed an oncogenic potential (liver tumors) at very high oral dose levels 
exceeding 1,000 mg/kg bw. 


Two oral reproduction toxicity studies in Sprague-Dawley and Wistar rats caused pup mortality at 
parental toxic dose levels (350 mg/kg bw and higher). No effects on fertility parameters were noted 
including histopathological examinations of the male/female reproductive systems. The NOAEL for 
reproduction was 350 mg/kg bw and the NOAEL for developmental toxicity was 160 mg/kg bw. In an 
inhalation reproduction toxicity study there was no effect on reproductive performance or fertility to 
rats exposed to 116 ppm. The NOAEC was 116 ppm for reproductive toxicity and 50 ppm for maternal 
and developmental toxicity (decreased fetal weight). NMP, but not its metabolites, was embryotoxic 
(whole embryo culture test) in vitro and in vivo (oral rat). Several studies addressed prenatal 
developmental toxicity via the inhalation, dermal and oral exposure routes in rats and rabbits. No 
adverse effects were observed at the highest achievable vapor concentration of 120 ppm. When 
administered via the dermal route, malformations in rats but not rabbits were observed at high dose 
levels (NOAEL 235 mg/kg bw).  Via the oral route, embryotoxicity and malformations were noted 
with NOAELs of 125 mg/kg bw in rats and 175 mg/kg bw in rabbits in the presence of maternal 
toxicity. However, the developmental effects are not considered secondary to maternal toxicity. 


Environment 


The colorless liquid 1-methyl-2-pyrrolidone (NMP) has a melting point of -23.5 °C, a boiling point of 
204.1-204.4 °C at 1013 hPa and a vapor pressure of 0.32 hPa at 20 °C. The solubility of NMP in water 
is 1,000 g/l. The measured log Pow of -0.46 (25 °C) and the calculated BCF of 3.16 do not indicate a 
potential for bioaccumulation. The estimated Koc is 20.94. The Henry´s law constant of 3.2*10-4 
Pa*m³/mol was measured at 20 °C and indicates low volatility from water. The SPARC-calculated 
pKa of 0.93 indicates that at environmentally relevant conditions, the molecule will occur almost 
entirely as uncharged species. According to Mackay Level I modeling, NMP will distribute almost 
completely into water (99.9 %). With Mackay Level III modeling using equal distribution to all 
compartments, NMP partitions to soil (56.4 %), water (43.2 %) and air (0.4%). NMP is readily 
biodegradable according to OECD criteria. In the atmosphere, it will be photodegraded by reactions 
with OH radicals (calculated half-life for a 12-hour day and 1.5E06 OH/cm³: 5.8 hours; for a 24-hour 
day and 0.5E06 OH/cm³: 17.5 hours). Hydrolysis in water is not expected to occur due to the lack of 
hydrolyzable functional groups. 


Results on acute aquatic toxicity were available for fish (Oncorhynchus mykiss; LC50 (96 hours) > 500 
mg/l, nominal, based on analytical verification), invertebrates (Daphnia magna; EC50 (24 hours) > 
1,000 mg/l, nominal), and algae (Scenedesmus subspicatus; EC50 (72 hours, nominal) > 500 mg/l). In a 
chronic toxicity test on reproduction of the water flea Daphnia magna, the NOEC (21 days) was 12.5 
mg/ l (nominal, based on analytical verification). 
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Exposure 


Large-scale production of NMP is predominantly carried out in a continuous process by reaction of 
gamma-butyrolactone with methylamine. The annual world production capacity of NMP in 2003 was 
estimated at 100,000 to 150,000 tons, subdivided into 30,000 – 50,000 tons/year for Europe (3 
production sites), 60,000 – 80,000 tons/year for USA (3 production sites), and 10,000 – 20,000 
tons/year for Asia/Pacific (4 production sites).  During 2005, the European production capacity was 
reduced to about 20,000 – 30,000 tons.  NMP is used as an intermediate and as a solvent by a wide 
variety of industries such as petrochemical processing, producers of electronics, cleaners, coatings, 
pharmaceuticals, agricultural and photographic chemicals. Most of the NMP-containing consumer 
products are household and car cleaning agents, paints, adhesives and sealants, paint removers, and 
coated fabrics. The NMP content varies from 1 – 100 %. 


The Swedish Product Register of 2003 quantifies the total number of registered NMP-containing 
products with 471, resulting in a total volume of 1,264 tons NMP/a. The total number of consumer 
products is given with 73. The Danish Product Register of 2004 includes 809 products with a total 
quantity of 609 tons NMP per year. The Swiss Product Register from 2005 states 2018 registered 
NMP-containing products for industry and 414 products for consumer use. 


Environmental release of NMP occurs from industries such as textile, paper, furniture, printing, 
chemicals, plastics, and leather. Depending on the industrial leachate site, NMP was found in waste 
water concentrations ranging from 0.001 to 5 mg/l. Due to the ready biodegradability, NMP is quickly 
eliminated from water. This is confirmed by measurements of NMP levels in the influent and effluent 
of the waste water treatment plant of BASF AG (Ludwigshafen, Germany). Results from the year 2000 
showed NMP levels in the effluent that were always below the limit of quantification. The elimination 
was calculated to be > 95 %. During production and internal processing at BASF AG (Ludwigshafen, 
Germany), 112 kg/a were emitted into the air in 2004. According to the information in the U.S. 
Environmental Protection Agency (USEPA) Toxics Release Inventory database for 2004, the total 
reported emissions of NMP were 6,311,272 lbs (2,862 tons). In the United States, NMP is registered 
as a pesticide inert and exempt from the requirement of tolerance by the USEPA, as described by 40 
C.F.R. 180.920. NMP is also regulated by Section 313 of the Emergency Planning and Community 
Right-to-Know Act (EPCRA) and Section 6607 of the Toxic Chemicals and the Pollution Prevention 
Act. 


Occupational exposure to NMP is most likely via the dermal route of exposure.  However, 
manufacturing and distribution processes utilize closed system engineering practices to 
eliminate/reduce potential exposure to NMP. In addition, adequate ventilation and chemical-specific 
personal protective equipment (PPE) is utilized for additional protection. Depending on the type of 
industry and work place, breathing zone samples showed airborne NMP concentrations in the range 
0.01 – 25 ppm with peak concentrations of up to 70 ppm. The American Industrial Hygiene 
Association (AIHA) has established a Workplace Environmental Exposure Level (WEEL) 8-hr time-
weighted average (TWA) of 10 ppm for skin exposure. 


In the United States, consumer exposure to NMP may result from the use of products containing NMP. 
However, NMP use in consumer products in the European Union is under review. In the European 
Union, NMP is classified as Category 2 for reproductive toxicity (may cause harm to the unborn 
child). Consumers may be exposed to NMP from tobacco smoke or other NMP emitting sources like 
floor varnish, sealants and wall paints. Consumer exposure to NMP containing products has been 
evaluated by the USEPA, and its use as a pesticide inert is regulated.  Private and public indoor air 
sample analyses revealed NMP concentrations of up to 0.3 mg/m3.  In Berlin, Germany, the arithmetic 
mean of 744 indoor air samples was 0.015 mg/m3.  The median of < 0.002 mg/m3 indicated that NMP 
was often not found in indoor air samples above the limit of detection.    


RECOMMENDATION AND RATIONALE FOR THE RECOMMENDATION AND  
NATURE OF FURTHER WORK RECOMMENDED 


Human Health:  The chemical is currently of low priority for further work. The chemical possesses a 
hazard for human health (skin/eye/respiratory irritation, repeated dose toxicity and 
reproductive/developmental effects). Based on data presented by the Sponsor country, adequate 
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risk management measures are being applied. Countries may desire to check their own risk 
management measures to find out whether there is a need for additional measures. 


  Environment:  This chemical is currently of low priority for further work because of its low hazard profile. 
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September 20, 2011 
 
Cynthia Oshita  
Office of Environmental Health Hazard Assessment  
Proposition 65 Implementation  
P.O. Box 4010 1001 I Street, 19th floor  
Sacramento, California 95812-4010 
Submitted via email: coshita@oehha.ca.gov 
 
Re:  Prioritization of Chemicals for Carcinogen Identification Committee Review:  
 Proposed Chemicals for Committee Consideration and Consultation. 
 
Dear Members of the Carcinogen Identification Committee,  
 
The following comments are submitted on behalf of the Natural Resources Defense Council 
(NRDC), a non-profit organization with over 1.2 million members and activists, 250,000 of 
whom are Californians. NRDC has no financial interest in any of the chemicals subject to the 
current comments. We urge the Carcinogen Identification Committee (CIC) to direct the Office 
of Environmental Health Hazard Assessment (OEHHA) to prioritize and develop hazard 
identification materials for the following three chemicals: bisphenol A (BPA), butyl benzyl 
phthalate (BBzP) and 2,4-D and its salt esters.  
 
We are pleased that the revised prioritization process, which took so many years to develop, 
has resulted in this third list of chemicals for review. It is feasible and reasonable to require a 
review of these chemicals of priority within the next year.  
 
Clearing the Backlog of Chemicals for Listing 
 
The decision before the CIC today represents another opportunity to address the backlog of 
potential candidate chemicals for listing, and to prioritize chemicals with widespread human 
exposure and evidence of carcinogenicity based on the scientific evidence. 
  
OEHHA has reviewed hundreds chemicals in the tracking database and identified a list of 
thirty-nine chemicals to be prioritized for further review. NRDC believes the three chemicals 
we have identified should be prioritized because of their widespread use and continued 
exposure in California and because of the depth of scientific evidence that supports their 
listing.  In particular, each of these chemicals has been entered into the tracking database, 
have become Candidate Chemicals as a result of relevant toxicity data and the potential for 
human exposure. It is not an unreasonable workload for OEHHA to further review all of these 
chemicals within the coming year. 
 


NATURAL RESOURCES DEFENSE COUNCIL  
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Bisphenol A (BPA) 
 
Bisphenol A (BPA) is a high-production-volume chemical. More than 2 billion pounds of BPA 
were produced in the United States alone in 2004, and more than 6 billion pounds of BPA are 
produced globally each year. BPA is found in a wide variety of consumer products made from 
polycarbonate plastics, including baby bottles, sippy cups, and reusable water bottles. BPA is 
also found in epoxy resins used to coat metal food and beverage cans, including liquid infant 
formula cans. In addition, BPA is used in the production of other plastics including those used 
for medical devices, for industrial applications (such as adhesives and paints), and in the 
production of flame retardants and thermal paper (such as those used in cash register 
receipts). Some polymers used in dental sealants and tooth coatings also contain BPA. 
 
The U.S. National Toxicology Program (NTP) has reviewed the science and expressed concern 
about the effects of BPA exposure on development of the prostate and mammary glands.  The 
NTP identified several scientific studies that linked perinatal or pubertal exposure of “low” 
doses of bisphenol A results to altered prostate and urinary tract development in mice and 
pre-cancerous lesions in the prostate and mammary gland in rats.  Since that time, even more 
scientific evidence has linked exposures to this chemical with benign and malignant tumors.  
 
BPA and Mammary Gland Cancer. 
 
In both in vitro and in vivo studies of multiple cell lines and animal species, BPA exposure has 
been linked to mammary gland cancer. In in vitro experiments, BPA at environmentally 
relevant doses has been shown to reduce the efficacy of chemotherapeutic agents.i In human 
tissue cultures of normal breast tissue, exposure to low, environmentally relevant levels of 
BPA results in changes in gene expression consistent with those found in a highly aggressive 
type of breast cancer and associated with poor survival.ii A follow up study published just this 
month found that BPA activated a number of gene pathways linked to malignancy and also 
interfered with tamoxifen growth regulation of these cells.iii


 
 


In animal studies, pre-cancerous lesions including ductal carcinoma in situ (DCIS) have been 
found after peri-natal exposure to BPA.iv In addition in rodents, neonatal and pre-pubertal oral 
exposure to low doses of BPA through breast milk has been shown to increase susceptibility to 
a mammary carcinogen.v


 
 


In humans, pre-cancerous lesions such as DCIS are known to increase the risk of developing 
invasive breast cancer by 8-10 fold.  This increased risk is so well understood by the medical 
community that if a woman is diagnosed with DCIS, the standard of care for most patients is 
surgical removal (lumpectomy or mastectomy) followed by tamoxifen therapy and increase 
medical surveillance. In women, this diagnosis also calls for increased monitoring and in some 
cases tamoxifen therapy. BPA has been linked to both pre-cancerous lesions and interfering 
with tamoxifen therapy in animal studies.  Any chemical which causes these lesions should be 
viewed with serious concern for causing similar harm in human breast tissue.   
 
BPA and Prostate Cancer. 
 
In in vitro studies, BPA interferes with androgen deprivation for the treatment of prostate 
cancer.vi In animal studies, perinatal exposure to BPA in rodents causes changes to the 







epigenome and precancerous lesions in the prostate gland. BPA exposure has been shown to 
cause permanent changes in DNA methylation patterns of prostate genes involved in cell 
signaling.vii Perinatal BPA exposure in rodents has also been associated with pre-cancerous 
changes in the prostate called prostatic intraepithelial neoplasia (PIN) lesions.viii


 
   


PIN lesions in rodent models are relevant for studying human prostate cancer according to a 
consensus statement by a group of prostate cancer research experts.ix According to this 
consensus statement, PIN lesions in rodents with invasive properties have clear significance 
and relevance to human PIN lesions.  Moreover, the development of PIN lesions in humans is 
clearly an adverse effect as high grade PIN lesions are highly predictive for the development of 
cancer.  Studies have found one-third to one-half of men with high grade PIN on biopsy will 
develop cancer on follow-up biopsy.x


 


 


Based on the relevance of animal models and the significance of pre-cancerous lesions as 
predictive factors for the development of invasive cancer, prostate cancer should be 
considered as one of the potential adverse outcomes associated with BPA exposure. Although 
studies have not yet been carried out to determine the association of BPA and prostate cancer 
in humans, animal studies which suggest that BPA can cause pre-cancerous lesions or promote 
the growth of prostate cancer raise serious concerns.  
 
There is widespread exposure to BPA in the general population.  
CDC NHANES data shows >90% of population ages 6 to over 60 years old have metabolic 
breakdown products of BPA in their urine.xi  In addition, BPA has been measured in follicular 
fluidxii, amniotic fluidxiii colostrumxiv, breast milkxv, cord bloodxvi and placentaxvii


 


 indicating that 
exposures are occurring during vulnerable periods of development. 


These studies, along with other studies identified by OEHHA constitute a rich database of 
scientific literature on BPA and multiple types of cancer in different model systems. BPA 
should be priorizied for further analysis and consideration of listing on Prop 65 as a carcinogen. 
  
 
Butyl benzyl phthalate (BBzP) 
 
BBzP is a plasticizer used in children’s toys and other consumer products that require a soft 
and flexible plastic. When children put toys containing BBzP and other phthalates into their 
mouths, the chemical leaches from the toy into their saliva and can be swallowed.  BBzP also 
leaches from consumer products used by adults and can be ingested or inhaled through 
contact with contaminated dust particles. BBzP has been banned in children’s toys but can 
continue to be sold in other products such as personal care products, home interior finishes 
and other consumer products. 
 
In 2000, Earl Gray and colleagues published a study showing BBzP caused male reproductive 
toxicity in a manner similar to the toxicity of another phthalate, DEHP, which is recognized as a 
carcinogen by the State of California.xviii Recent research has replicated this work and 
demonstrates the BBzP acts through a similar mode of action by reducing the production of 
testosterone and that this chemical when combined with other phthalates causes toxicity in an 
additive manner.xix


 
 BBzP is thus, a hormone-disrupting chemical.  







BBzP has been linked to altered development of the mammary gland in several studies.xx xxi


 
 


There is widespread exposure to BBzP in the general population. When the U.S. CDC analyzed 
a cross section of the U.S. population for the BBzP monoester metabolite, MBzP in human 
urine, 97% of the samples were positive with children having the highest levels. 
 
Given the widespread exposure to this chemical and the depth of the available database on 
carcinogenicity, BBzP should be prioritized for further evaluation. 
 
 
2,4-Dichlorophenoxyacetic acid (2,4-D) and Its Salts and Esters 
 
2,4-D (2,4-dichlorophenoxyacetic acid) is an herbicide that has been registered in the United 
States since 1948. About 50 million pounds of this chemical are used in the U.S. annually, 
making this chemical the third most widely used herbicide in North America. Two-thirds of the 
use of 2,4-D is in agriculture and one-third is in a variety of non-agricultural settings, including 
direct sale to homeowners for lawn and garden use; to control aquatic weeds in water where 
people may swim; and in such places as athletic fields, golf courses, and playgrounds.  2,4-D is 
popular because of its low cost, despite the availability of more effective, and less toxic 
alternatives. 2,4-D has a soil half-life of about one week.  However, when tracked indoors and 
not exposed to direct sunlight, this chemical has been reported to persist for months or even a 
year.  This herbicide is found as a contaminant in about half of all surface water samples, and 
has also been detected in groundwater.  
 
Due to the widespread presence of 2,4-D, there is high likelihood of human exposure and 
there is a therefore an urgent need for the Carcinogen Identification Committee to evaluate 
the evidence on carcinogenicity for this chemical. 
 
Numerous epidemiological studies have linked 2,4-D to non-Hodgkin’s lymphoma (NHL) among 
farmers and residents of agricultural areas. xxiii


xxvii


xxii  Multi-center studies in Canada and in Sweden 
of members of the general public found a 30-50% higher odds of 2,4-D exposure among 
people with NHL.xxiv xxv National Cancer Institute studies in household dogs have also reported 
an association between exposure to 2,4-D and canine malignant lymphoma.xxvi Although the 
original studies on this topic have been heavily criticized by the industry, the results have been 
supported by additional analysis.  
 
Numerous studies have reported on the mutagenicity and genotoxicity of 2,4-D. For example, 
both pure 2,4-D, and a commercial 2,4-D dimethylamine salt caused significant, dose-
dependent DNA damage in hamster ovary cells.xxviii


xxxii


xxxiii


 Other researchers tested a commercial 
formulation of 2,4-D on human lymphocytes and found a treatment-related elevation in the 
number of chromatid and chromosome breaks, as well as acentric fragments and aberrant 
cells.xxix Another study found a significantly higher rate of sister chromatid exchange (SCE) in 
chick embryos treated with 2,4-D and its isooctyl ester.xxx Madrigal-Bujaidar and colleagues 
also reported an increased frequency of SCE in bone marrow and spermatogonial cells of mice 
exposed in vivo.xxxi  Other researchers have tested 2,4-D in yeast, transformed hematopoietic 
cells, and mouse bone marrow, and have found both cytotoxic and mutagenic effects, 
including chromosomal breaks, deletions, and exchanges.  Tests in Drosophila have also 
demonstrated genotoxicity to both somatic and germ-line cells.   







 
Another finding that may provide a unifying explanation of some of the data on 2,4-D and 
lymphoma, is that the herbicide may increase lymphocyte replication. One longitudinal study 
of pesticide applicators found urine concentrations of 2,4-D ranging from 1.0 to 1,700 µg/g 
creatinine/L urine that logarithmically increased as spraying time increased. In addition to 
suggesting increasing risk of chronic toxicity to pesticide applicators due to the apparent 
exceedence of clearance mechanisms, this study found increasing lymphocyte explicative 
index (of 11-14%) in these applicators in a manner that was directly related to 2,4-D absorbed 
dose.xxxiv 


 


This finding was confirmed in vivo and in vitro in a follow-up study, showing a 12-15% 
increase in explicative index at an 0.005 mom exposure to 2,4-D, with an indication that 
higher-dose exposures may exhibit a direct cytotoxic effect on lymphocytes that results in a 
decreased explicative index, resulting in an inverted U-shaped dose-response curve.Error! Bookmark 


not defined. This finding would be consistent with the frequently-reported epidemiologic evidence 
linking 2,4-D exposure to NHL in humans.  


In summary, we encourage the CIC to prioritize these three chemicals for further review and 
consideration for listing under Proposition 65.  
 
Thank you for the opportunity to comment on the list of priority chemicals.  
 
 
Sincerely, 
  


 
 
 
Sarah Janssen, MD, PhD, MPH    Gina Solomon, MD, MPH  
Senior Scientist      Senior Scientist 
Natural Resources Defense Council   Natural Resources Defense Council 
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		BPA and Mammary Gland Cancer.

		In both in vitro and in vivo studies of multiple cell lines and animal species, BPA exposure has been linked to mammary gland cancer. In in vitro experiments, BPA at environmentally relevant doses has been shown to reduce the efficacy of chemotherapeu...

		BPA and Prostate Cancer.









































































 
 


 
 
September 16, 2011 
 
Ms. Cynthia Oshita  
Office of Environmental Health Hazard Assessment 
P.O. Box 4010 MS-19B 
1001 I Street,  
Sacramento, CA  95812-4010 
 
 
Subject: Response to OEHHA Notice Regarding Prioritization: Chemicals 


for Consultation By the Carcinogen Identification Committee, 
Dated July 22, 2011 
 
Response for Clodinafop-Propargyl 
 


 
 
Dear Ms. Oshita: 
 
On July 22, 2011, OEHHA released a notice announcing a 60-day public comment period for 39 
chemicals to be brought before the Carcinogen Identification Committee (CIC) for prioritization.  
Enclosed you will find a copy of Syngenta’s comments regarding the chemical, clodinafop-propargyl, 
and any supporting reference documents.   
 
The purpose of the enclosed response is to explain why Syngenta believes the California Office of 
Environmental Health Hazard Assessment (OEHHA) and the CIC should find that the evidence of 
cancer hazard and potential human exposure in California does not warrant further development of 
hazard identification materials.  There is no potential for human exposure in California because no 
products containing this pesticide active ingredient are registered for application to crops grown in 
California.  Therefore Syngenta recommends that clodinafop-propargyl be assigned a minimum of a 
“low priority” for further review.   
 
Please contact me at 800-334-9481 ext. 2449 or debbie.stubbs@syngenta.com if you have any 
questions regarding this request.    
 
 
Sincerely, 


 
 
Debbie Stubbs 
Senior Regulatory Manager 
 
Cc:  Artie Lawyer, Technology Sciences Group  


State Regulatory Affairs 
P.O. Box 18300 
Greensboro, NC  27419-8300 
 
Telephone:  (336) 632-2449 
Fax:  (336) 632-2884 
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1.0 INTRODUCTION 


In July 2011, the California Office of Environmental Health Hazard Assessment (OEHHA) 
provided a list of chemicals that the Carcinogen Identification Committee (CIC) will 
prioritize for review.  OEHHA solicited public comments on any of these chemicals 
regarding their prioritization.  We are providing comments on clodinafop-propargyl (CGA-
184927).  We believe this well-studied pesticide should be placed in the low prioritization 
category. 
 
The US EPA has reviewed clodinafop-propargyl in two separate occasions (1999, 2006). 
After their thorough evaluations, the authority gave clodinafop the lowest level of concern 
for a compound where there is any tumor formation, “suggestive evidence”, as stated in the 
following conclusion:  
 


“In accordance with the EPA Final Guidelines for Carcinogenic Risk Assessment 
(March 29, 2005), the CARC classified Clodinafop-Propargyl as “Suggestive 
Evidence of Carcinogenic Potential”. This is based on the following (i) The presence 
of prostate tumors (driven mainly by adenomas) seen in 1 sex (male) and 1 species 
(rat) at the high dose only cannot be discounted; (ii) There is no mutagenicity 
concern for clodinafop-propargyl; (iii) The weight of evidence supports activation of 
peroxisome proliferator-activated receptor alpha (PPARα) as the mode of action of 
clodinafop-induced hepatocarcinogeneis in mice. The data did not support a 
mutagenic mode of action or cytotoxicity followed by regenerative proliferation as 
alternative modes of action; (iv) While the proposed action of liver tumors in mice is 
theoretically plausible in humans, hepatocarcinogenesis by this mode of action is 
quantitatively implausible and unlilkely to take place in humans based on 
quantitative species differences in PPARα activation and toxicokinetics. The 
quantification of carcinogenic potential is not required”. 
(USEPA, 2006, emphasis added) 


 
Other regulatory authorities have come to the same conclusion. The European Food Safety 
Authority (EFSA) in the assessment report on Clodinafop states: 
 


Clodinafop-propargyl is not genotoxic. Based on increased incidences of neoplastic 
changes in liver, clodinafop-propargyl demonstrated oncogenic potential in rats and 
mice. However, this is a species specific effect and irrelevant to classification and 
labelling and human risk assessment (clodinafop-propargyl is a peroxisome 
proliferator). 


(EFSA, 2005) 
 


As detailed below, there is not a concern about the potential carcinogenicity of clodinafop in 
humans. We are confident that the CIC would come to the same conclusion that other 
authorities have in the past and, accordingly, we believe the priority should be established as 
low for any future assessment of clodinafop by the CIC. 
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2.0 CRITERIA TO IDENTIFY CLODINAFOP-PROPARGYL FOR 
REVIEW BY THE CIC UNDER PROPOSITION 65 


According to the “Prioritization of Chemicals for Carcinogen Identification Committee 
Review: Proposed Chemicals for Committee Consideration and Consultation March 2009” 
document, hazard evaluation for candidate chemicals is conducted by application of 
epidemiologic data screen and an animal data screen.  Chemicals with findings from either of 
these hazard screens are then subjected to a preliminary toxicological evaluation, which 
considers additional information relevant to carcinogenicity, such as genotoxicity studies, 
mode of action, metabolism and pharmacokinetics.  If the overall weight of evidence 
indicates a possible concern for carcinogenicity, the chemicals are proposed for possible 
preparation of hazard identification materials.  
 
The prioritization process also indicates that the determination of exposure potential of 
candidate chemicals in California is qualitative.  This is based on “production, use, or 
monitoring data” as indicative of “qualitative evidence of exposure”.  Clodinafop-propargyl 
is currently not registered in California and there is no plan to register end-use products 
containing this active ingredient in California; therefore, Clodinafop-propargyl does not meet 
the requirement for significant exposure to residents of California and should not be 
prioritized for review by the CIC.  This would prevent the use of the CIC and OEHHA staff 
resources for an evaluation when there is no direct exposure to residents of California. 
 
3.0 RELEVANT STUDIES IDENTIFIED BY OEHHA DURING THE 


PRELIMINARY TOXICOLOGICAL EVALUATION 


3.1 Genotoxicity Studies 


The mutagenic potential of clodinafop-propargyl was investigated in 6 independent studies 
covering different end points in eukaryotes and prokaryotes in vivo and in vitro. These tests 
included the Ames reverse mutation with Salmonella typhimurium and Chinese hamster V79 
cells, for chromosomal aberrations using human lymphocytes and the mouse micronucleus 
test, and DNA repair using rat hepatocyte, and human fibroblasts. Clodinafop-propargyl was 
found to be negative in all these tests and, therefore, is considered devoid of any genotoxic 
potential at the levels of specific genes, chromosomes or DNA primary structure. 
 
One of the studies indentified by OEHHA (Kashaninan, 2008) suggests the existence of 
interaction between clodinafop-propargyl with native DNA, presumably by an intercalative 
mechanism. Current scientific information suggests that, while intercalation may lead to a 
propensity for frameshift mutagenesis, the significance of such events for human disease is 
far from proven. Simple intercalators do not seem to have other major mutagenic effects 
(Fergusson, 2007) 
 
The genotoxicity studies and their findings are summarized in Table 1 
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Table 1 Summary of genotoxicity studies 


Study [Reference] Test system Concentrations/dose levels Results 
Bacterial gene mutation  


In vitro microbiological 
assays  
Deparade, E. (1987) 


S. typhimurium 
TA 98, TA 100, 
TA 102, TA 1535 and TA 
1537 


Preliminary cytotoxicity test (non-activated) 
0.08, 0.31, 1.2, 4.9, 19.5, 78.1, 312.5, 1250 and 
5000 µg/ plate. 
Main study 
nonactiv. 20, 78, 313, 1250, 5000µg/ plate 
activated 20, 78, 313, 1250, 5000µg/ plate 


negative 


Gene mutation – mammalian cells (in vitro) 
Mammalian cells in 
culture gene mutation 
assay 
Dollenmeier, P. (1988) 


Chinese hamster fetal lung 
fibriblasts V79 


Cytotoxicity test, non-activated 
19.5, 39.1, 78.1, 156.3, 312, 625, 1250 µg/ ml. 
Cytotoxicity test, activated 
4.9, 9.8, 19.5, 39.1, 78.1, 156.3, 312.5 µg/ ml. 
Main study:  
nonactiv. 25, 50, 100, 200, 300, 400, 500 µg/ ml 
activated 2.5, 5, 10, 20, 30, 40, 50 µg/ ml 


negative +/- 
S9 


Chromosome aberrations (cytogenetic assays) 
In vitro mammalian 
cytogenetic test  
Strasser, F. (1988) 


Freshly prepared peripheral 
lymphocytes from human 
volunteers 


Cytotoxicity test, non-activated and activated 
Fourteen concentration steps increasing by a factor 
of two from 0.12 to 1000 µg/ ml. 
Main study,  
nonactiv. 53.13, 106.5, 212.5, 425 and 850 µg/ ml 
activated 5.5, 11, 22, 44 and 88 µg/ ml 


negative +/- 
S9 


DNA Repair  


Unscheduled DNA 
synthesis In vivo 
Hertner, T. (1987) 


Rat primary hepatocytes Cytotoxicity test: eleven concentration steps 
increasing by a factor of two from 47.41 to 5000 
µg/ ml. 
Main study, first experiment: 0.04, 0.2, 1, 5, 25 and 
50 µg/ ml.  
Main study, second experiment: 0.7, 3.73, 18.67, 
37.33, 56 and 70 µg/ ml. 


negative +/- 
S9 


Unscheduled DNA 
synthesis In vitro 
Meyer, A. (1988) 


Human fibroblasts CRL 
1521 ATCC 


Cytotoxicity test: eleven concentration steps 
increasing by a factor of two from 4.88 to 5000 µg/ 
ml. 
Main study, first experiment: 42.7, 128, 320, 800, 
2000, 5000 µg/ ml.  
Main study, second experiment: 42.7, 128, 320, 
800, 2000, 5000 µg/ ml. 


negative +/- 
S9 


 
Micronucleus / nucleus anomaly assay 


In vivo mammalian 
cytogenetic test  
Strasser, F. (1987) 


Mouse, TIF: MAGf (SPF) Tolerability test: 200, 1000, 
5000 mg/kg, administered to 
2 m + 2 f  
Main study: 1667 and 5000 
m/kg 


negative  
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3.2 Structure Activity Considerations 


Clodinafop-propargyl contains an aryloxy-phenoxy moiety attached in an ether linkage to a 
propionic acid moiety, so it is structurally related to other “FOPs” including haloxyfop, 
diclofop-methyl, fluazifop-p-butyl, quizalofop-ethyl and fenoxaprop-ethyl.  Another class of 
peroxisome proliferators, the diphenylethers, such as lactofen, acifluorfen, and oxyfluorfen 
has generally been demonstrated to be carcinogenic in mouse liver, although often no 
carcinogenic response was observed in rats.  
 
Clodinafop-propargyl is also structurally related to fibric acid derivatives which also contain 
an aryloxy-phenoxy moiety.  Compounds such as clofibrate, bezafibrate and gemfibrozil are 
in medicinal use as blood lipid reducing drugs. All of these compounds, including 
clodinafop-propargyl, have been shown to induce the proliferation of peroxisomes, and cause 
hepatomegaly and liver tumors in rats and/or mice. 
   
3.3 Carcinogenicity Studies 


The toxicity profile of clodinafop-propargyl has been thoroughly tested over the full range of 
short, intermediate and long-term repeat dose studies, including carcinogenicity studies in 
rats and mice. 
 
3.3.1 Long-term feeding studies in rats 


Clodinafop-propargyl was administered in the diet at dose levels of 0, 1, 10, 300 and 750 
ppm ( mg/kg food) for 24 months to a total of 800 albino rats, 80 males and 80 females per 
dose group (Fankhauser, 1992a). Effects comprised increased liver weights, hypertrophy of 
hepatocytes, liver hyperplasia and nodular hyperplasia of hepatocytes. Top dose group males 
showed higher incidences of prostate adenoma. However, the total incidence of proliferative 
lesions (hyperplasia, adenoma and carcinoma) of the prostate was similar in all groups, thus 
giving evidence that the treatment did not lead to any increase in de novo induction of 
prostatic neoplasm.  
 
Females treated at the same high dose had higher incidences of ovary tubular adenoma. The 
increased incidence of findings in prostate and ovary was restricted to the top dose level 
where massive liver effects were noted. There was no progression to a malignant phenotype 
and the tumors had no influence on survival. The total number of tumor bearing animals 
showed no dose-related trends. At lower dose levels, in the absence of significant effects on 
the liver, the incidence of tumors in prostate and ovary was comparable to controls.  
 
Proliferative lesions in prostate and ovary reported in this study were re-evaluated by 
Pathology Working Group (Hardisty, 2002a). PWG confirmed the presence of both epithelial 
hyperplasia and neoplasia in the ventral prostate of the control animals. Although there was a 
slight increase in the number of tumors in the highest dose group, the incidence of tumors of 
the prostate in the lower dose groups was considered to be similar to the control group. There 
was no increase in incidence or severity hyperplastic changes with treatment, even though 
there was a wide range of doses among the groups. 
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Based on the morphology, background frequency of lesions, lack of increase in incidence or 
severity of precursor lesions and on the small numbers of excess tumors above control, the 
PWG concluded that the few prostate neoplasms observed in this study are unlikely to be 
directly related to treatment with Clodinafop-propargyl. 
 
Similarly, the PWG review of the ovarian lesions concluded that the few ovarian neoplasms 
observed in this study are not related to treatment with Clodinafop-propargyl (Hardisty, 
2002b). Several of the neoplastic lesions reported in the ovary were initially diagnosed as 
tubular adenoma by the study pathologist. However, the PWG re-evaluation re-classified 
these lesions as non-neoplastic hyperplastic lesions. Based on the relatively low incidence, 
the lack of a dose-response, and the absence of any meaningful increased incidence of the 
few hyperplastic lesions observed, the PWG concluded that the ovarian tumor response 
observed in this study was not treatment related 
 
In conclusion, changes in prostate and ovary observed in the rats were considered secondary 
to the liver findings and not a direct effect of clodinafop-propargyl on these organs.  
 
3.3.2 Long-term feeding studies in mice 


Clodinafop-propargyl was administered to albino mice, (60 males and 60 females per dose 
group) in the diet for 18 months at doses of 0, 1, 10, 100 and 250 ppm (mg/kg food). 
Findings included reduced body weights and reduced survival in males treated at the top 
dose, liver enlargement, bile duct hyperplasia, pigmentation of Kupffer cells and hepatocytes, 
increase in serum levels of hepatic enzymes, and hyperplastic changes in the liver. Increased 
incidences of liver tumors were restricted to a dose level which exceeded the maximum 
tolerated dose. The observed tumour formation is postulated to be secondary to the unique 
hepatomegaly induced by clodinafop-propargyl, an effect consistent with peroxisome 
proliferation in the liver. 
 
Investigative toxicity studies had been previously submitted to the US EPA for clodinafop-
propargyl that demonstrated the occurrence of peroxisome proliferation in the rat.  The 
Carcinogenic Review Committee concluded from these studies that; “Although the 
mechanistic data in rats fulfils the criteria for peroxisome proliferation, the studies were 
conducted in rats while liver tumors were observed in mice only” (EPA, 1999). As a 
consequence, a separate set of mechanistic studies was designed to investigate the existence 
of an analogous mechanism of action in mice (see below). 
 
In addition to the liver lesions, a small numbers of hepatic hemangioma and hepatic 
hemangiosarcoma was observed only in female mice at the highest dose (250 ppm), which 
related to a frequency of 3.3%.  Although the control frequency was zero in this study 
(suggesting that this minimally increased incidence that was not statistically significant), a 
comprehensive examination of the historical control database from the test laboratory for 
female mice concluded that these tumors, although infrequently occurring, are seen in female 
control groups up to a maximum incidence of n= 2 or 3 for hemangioma and 
hemangiosarcoma respectively.     
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Based on this evaluation, it was concluded that the incidence of blood vessel tumors 
observed in mice occurred within the expected spontaneous background incidence for the 
strain and test laboratory and are not considered treatment-related.   
 
3.4 Mechanistic Studies in the Mouse Liver 


The focus of this set of studies in mice was to determine whether clodinafop-propargyl 
induced the typical biochemical and pathological effects that have been well-documented for 
other peroxisome proliferating agents (Bentley et al. 1993; Cattley et al. 1998).   
 
In a sub-chronic oral study, male mice were fed 0, 25, 100, 250, and 400 ppm of clodinafop-
propargyl (0, 3.8, 17.0, 42.6 and 74.1 mg/kg/day, respectively) for 14 days, and several 
biochemical, pathological and histochemical parameters were examined to determine if there 
was any evidence indicative of the induction of peroxisome proliferation.  Consistent with 
longer-term studies, liver weights were markedly increased in a dose-related manner. 
Clodinafop-propargyl not only increased liver weight but also induced CYP4A, lauric acid 
11 and 12-hydroxylases, fatty acyl CoA oxidation, and epoxide hydrolase activity 
(Trendelenburg, 2001). 
 
Results from this study provide convincing evidence that clodinafop-propargyl is a strong 
and dose-dependent peroxisome proliferator in mice.  The profile of hepatic enzyme 
induction also indicates that clodinafop-propargyl does not act as a polycyclic aromatic 
hydrocarbon-, a phenobarbital or steroid type liver enzyme inducer, excluding these as 
potential alternative modes of action. 
 
In a separate study, groups of ten male mice received 0, 25, 100, 250 ppm of clodinafop-
propargyl for  0, 1, 2, 3, 5, 7, 14, or 28 days (Weber, 2001). Increased absolute liver weights 
were observed at 100 ppm and 250 ppm within 1-2 days of initiating treatment. A dose-
related increase in the incidence of hepatocellular hypertrophy was the main pathological 
effect observed.  Increased mitotic activity was also observed and inflammatory cell 
inflammation was seen, usually in association with isolated incidences of necrosis. The 
severity of these changes was generally comparable across the dose groups. 
 
Microscopic examination and morphometric assessment of the peroxisomal compartment 
were performed in separate groups of 3 male mice each treated at 0, 25, 100 or 250 ppm for 
28 days (Weber, 2002a). The peroxisomal volume density was increased to 443% of control 
values at 100 ppm and increased to 675% at 250 ppm.  No effect was observed at 25 ppm.  
Histochemical analysis demonstrated that catalase was also increased at 250 ppm compared 
to controls 
 
4.0 DISCUSSION 


In order to understand the mode of action of Clodinafop-Propargyl in the carcinogenic 
response observed in rodent studies, Syngenta designed and conducted a comprehensive 
investigative toxicology program to support the proposed mode of action for the induction of 
mouse liver tumors. In addition, further independent reviews were conducted on the 
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pathological findings in organs other than the liver. Full reports of these studies have been 
submitted to the US EPA and results have been summarized by Parsons (2003). 
 
US EPA Guidelines for Carcinogen Risk Assessment (2005), have outlined the principle that 
non-mutagenic carcinogens known to cause cancer via a threshold mechanism could be 
assessed using a non-linear margin of exposure approach rather than the Q1* linear default 
extrapolation methodology. After consideration of the additional data, the agency changed 
the classification to as "suggestive evidence of carcinogenic potential" and concluded that a 
quantification of carcinogenic potential (Q1*) was not required for Clodinafop-Propargyl. 
(CARC, 2006) 
 
4.1 Proposed Mode of Action 


The proposed mode of action for the carcinogenesis for clodinafop-propargyl in mice is 
initiated by activation of the peroxisome proliferator-activated receptor (PPARα).  Upon 
activation by peroxisome proliferators, PPARΑ forms a heterodimer with the retinoid X 
receptor. This dimer binds to target genes known to be regulated by PPARα.   Importantly, 
binding of the dimer to specific PPARΑ response elements (PPREs) has been identified 
within the promoter regions for an increasing number of genes associated with rodent 
peroxisome proliferation, such as acyl CoA oxidase (ACO) and CYP4A isoenzymes 
(Tugwood, 1992).  
 
The list of key events are listed below: (Figure 1) 
 
 Key Event 1: Ligand activation of PPARα 
 
Key Events 2 a-c: Transcription of genes involved in peroxisome proliferation, cell cycle 
regulation and lipid metabolism 
 
Key Event 3a: Peroxisome proliferation 
 
Key Event 3b: Perturbation of cell proliferation 
 
Key Event 4: Inhibition of gap junction mediated inter-cellular communication, non-
parenchymal hepatic Kuppfer cell mediated induction of cell proliferation 
 
Key event 5: Oxidative stress 
 
Key event 6: Clonal expansion of pre-neoplastic foci leading to tumor response 
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Figure 1 Key Events in the Proposed Mode of Action  
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With various peroxisome proliferators, a clear set of biochemical and cellular events has been 
identified in the liver of rodent species susceptible to peroxisome proliferation. This includes 
activation of the peroxisome proliferator-activated receptor (PPAR*), increased activities of 
peroxisomal fatty acyl CoA oxidation and microsomal fatty acid oxidation and stimulation of 
hepatocyte proliferation. There is strong evidence and scientific consensus for a causal link 
between this early pleiotropic response and subsequent liver tumor formation in susceptible 
species (reviewed in Cattley et al. 1998, Gonzalez et al. 1998).  
 
The most compelling evidence to support a cause-and-effect relationship between the 
phenomenon of this pleiotropic response and hepatocarcinogenicity came from experiments 
with PPAR*-deficient transgenic mice (Lee et al., 1995; Peters et al. 1997).  In these studies, 
PPAR* was found to be essential to trigger the whole cascade of precursor events. Disruption 
of PPAR* resulted in the abolishment of all these events in transgenic mice treated with the 
classical peroxisome proliferators clofibrate or Wy-14,643.  When wild-type and transgenic 
mice were treated with Wy-14,643 for 11 months, wild-type mice had multiple hepatocellular 
neoplasms whereas PPAR*-null mice were unaffected. 
 
 
Peroxisome proliferation is an extensively studied mode of action for liver carcinogenicity 
and is widely considered by the scientific community to be non-relevant to humans (Klaunig, 
2003; Roberts, 2003; Cohen 2003).  As outlined in the previous Section, clodinafop-
propargyl is structurally related to the fibric acid derivatives, which have been used clinically 
for many years.  Lipid reducing drugs are generally administered on a chronic basis and they 
do not provoke any proliferation of peroxisomes or changes in the size of hepatocytes in 
human patients. 
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5.0 CONCLUSIONS 


Clodinafop-propargyl has been registered in the United States since 2000, but currently has 
no registered food or non-food uses in California.  Most of evidence identified by the 
Carcinogen Identification Committee (CIC) as relevant for the toxicological evaluation of 
this herbicide has been previously reviewed by US EPA. Although originally classified by 
the Cancer Assessment Review Committee (CARC) as "likely to be carcinogenic to humans" 
(1999), the last CARC evaluation (2006) support the activation of peroxisome-proliferator 
activated receptor alpha (PPARα) as a plausible mode of action for clodinafop-induced 
hepatocarcinogenesis. This mode of action is considered not to be relevant for humans 
because of the quantitative differences in PPARα mRNA activation and toxokinetics in 
humans and rodents.   
 
Evidence of this MoA in experimental animals was initially investigated in rats and several 
mechanistic studies were submitted to the agency in support of this hypothesis (CARC, 
1999). However, liver tumors were also reported in male and female mice. In addition, long-
term feeding studies in rodents also reported increased incidence in organs other than the 
liver, including prostate tumors in male rats, ovarian tubular adenomas in female rats, and 
blood vessel tumors in male and female mice. 
 
In response, Syngenta conducted new mechanistic studies to demonstrate the occurrence of 
peroxisome proliferating activities in mice. A dose-response relationship and temporal 
association between mouse liver tumorgenesis and peroxisome proliferator-type liver 
response was established based on these new data. In addition, Syngenta requested an 
independent re-evaluation of the proliferative lesions in the rat ovary and prostate by the 
Pathology Working Group.  
 
In October 2005 CARC revisited the cancer classification for clodinafop-propargyl. Based on 
the re-evaluation of the ovarian tumors, the committee concluded that these tumors were not 
related to treatment. Also, the CARC did not consider the vascular tumors in male and 
female mice to be treatment related, and did not find evidence of a mutagenic or cytotoxic 
mode of action for clodinafop-propargyl. Based on the new evidence, the CARC concluded 
that the studies met the criteria to classify a non-genotoxic hepatocarcinogen as a peroxisome 
proliferator.  
 
There is an overwhelming body of evidence that humans are refractory to carcinogenesis 
mediated via peroxisome proliferating activities.  On this basis any substance that is 
demonstrated to have this carcinogenic mode of action, should not be considered as posing a 
carcinogenic hazard to humans.  Accordingly, clodinafop-propargyl should not be considered 
for listing as a carcinogenic toxicant under Proposition 65. 
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September 16, 2011 
 
Ms. Cynthia Oshita  
Office of Environmental Health Hazard Assessment 
P.O. Box 4010 MS-19B 
1001 I Street,  
Sacramento, CA  95812-4010 
 
 
Subject: Response to OEHHA Notice Regarding Prioritization: Chemicals 


for Consultation By the Carcinogen Identification Committee, 
Dated July 22, 2011 
 
Response for Cyproconazole 
 


 
 
Dear Ms. Oshita: 
 
On July 22, 2011, OEHHA released a notice announcing a 60-day public comment period for 39 
chemicals to be brought before the Carcinogen Identification Committee (CIC) for prioritization.  
Enclosed you will find a copy of Syngenta’s comments regarding the chemical, cyproconazole, and 
any supporting reference documents.   
 
The purpose of the enclosed response is to explain why Syngenta believes the California Office of 
Environmental Health Hazard Assessment (OEHHA) and the CIC should find that the evidence of 
cancer hazard and potential human exposure in California does not warrant further development of 
hazard identification materials.  There is no potential for human exposure in California because no 
products containing this pesticide active ingredient are registered for application to crops grown in 
California.  Therefore Syngenta recommends that cyproconazole be assigned a minimum of a “low 
priority” for further review.   
 
Please contact me at 800-334-9481 ext. 2449 or debbie.stubbs@syngenta.com if you have any 
questions regarding this request.    
 
 
Sincerely, 


 
 
Debbie Stubbs 
Senior Regulatory Manager 
 
Cc:  Artie Lawyer, Technology Sciences Group  


State Regulatory Affairs 
P.O. Box 18300 
Greensboro, NC  27419-8300 
 
Telephone:  (336) 632-6000 
Fax:  (336) 632-2884 
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1.0 SUMMARY 


The California Office of Environmental Health Hazard Assessment (OEHHA) requested 
public comment regarding the list of chemicals submitted in July 2011 to the Carcinogen 
Identification Committee (CIC) for prioritization under Proposition 65 as possible 
carcinogens. Cyproconazole was included with a group of chemicals under “Triazole 
Antigfungal Agents”.   
 
The lead regulatory authority in the USA has recently assessed the carcinogenic potential of 
cyproconazole and has concluded that the compound is not clearly shown to be carcinogenic 
in humans. 
 
In its most recent evaluation of the carcinogenic potential of cyproconazole in 2007, the US 
EPA’s Cancer Assessment Review Committee (CARC) established the cancer classification 
of: 
 


“Not Likely to be Carcinogenic to Humans”  
(US EPA, 2007). 


 
The CARC decision was based on the weight of evidence that supports a non-genotoxic 
mitogenic mode of action for cyproconazole that is not relevant to humans.  The enclosed 
2007 US EPA CARC report concluded in their comprehensive assessment of carcinogentic 
potential that: 
 


“In accordance with the EPA Final Guidelines for Carcinogen Risk 
Assessment (March 29,2005), the CARC classified Cyproconazole as "Not 
Likely to be Carcinogenic to Humans" at doses that do not cause 
mitogenic response in the liver. In contrast to rodent cells, there are some 
limited data to suggest that CAR activation does not stimulate cell 
proliferation or inhibit apoptosis in human cells. However, the literature 
does not yet support the conclusion that CAR activation is not biologically 
plausible in humans. This conclusion is based on the weight of evidence 
that supports a nongenotoxic mitogenic mode of action for cyproconazole. 
The activation of the CAR receptor, the required initiating event, leads to 
a cascade of key events resulting in liver tumor development in mice. The 
data did not support 1) peroxisome proliferation, 2) mutagenesis or 3) 
cytotoxicity followed by sustained regenerative proliferation as alternative 
modes of action.” 
(US EPA, 2007) 


 
This position was maintained in the most recent human health risk assessment of 
cyproconazole in 2008, which also noted the change from the previous cancer classification 
of cyproconazole as follows: 
 


“Note: Previously, cyproconazole was considered a carcinogen (TXR 
052586, 06/03/2004). HED has since re-evaluated cyproconazole with 
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respect to carcinogenicity based on toxicity studies submitted by the 
registrant describing cyproconazole's mechanistic mode of action. The 
Cancer Peer Review Committee re-evaluated the studies and concluded that 
cyproconazole is not likely to be carcinogenic to humans at doses that do not 
perturb the liver in rats. Further, HED concluded that the cRfD of 0.01 
mglkg/day is low enough to be protective of any liver effects.”  
(US EPA 2008) 


 
The following summarizes the rationale and evidence that support the exclusion of 
cyproconazole from further consideration as a potential carcinogen under Proposition 65 (a 
Low Priority). 
 
2.0 CRITERIA TO IDENTIFY CYPROCONAZOLE FOR REVIEW 


BY THE CIC UNDER PROPOSITION 65 


In responding to the OEHHA’s proposing of cyproconazole for review by the CIC under 
proposition 65, the first step was taken to determine if the criteria for proposing 
cyproconazole are met.  The second step was to review the weight of evidence of all relevant 
cyproconazole data. 
 
According to the “Prioritization of Chemicals for Carcinogen Identification Committee 
Review: Proposed Chemicals for Committee Consideration and Consultation March 2009” 
document, the hazard was assessed by application of an epidemiologic data screen and an 
animal data screen.  Chemicals with findings from either of these hazard screens were then 
subjected to a preliminary toxicological evaluation, which considered additional information 
relevant to carcinogenicity, such as genotoxicity studies, mode of action, metabolism and 
pharmacokinetics.  If the overall weight of evidence indicates a possible concern for 
carcinogenicity, the chemicals are proposed for possible preparation of hazard identification 
materials. 
 
The OEHHA document contains a table of the chemicals selected for CIC consultation, 
detailing the exposure characteristics and types of studies that provide evidence of 
carcinogenicity.  The table also provides an indication of expected exposure to California 
residents.  In this table cyproconazole is not separately listed but is inferred in the listing for 
triazole antifungal agents as a group.  The indication in the table, based only on qualitative 
information, is “widespread” exposure.  No further relevant data are listed. 
 
2.1 Lack of Widespread Exposure 


The prioritization process as described in the OEHHA document titled “Process for 
Prioritizing Chemicals for Consideration Under Proposition 65 by the State’s Qualified 
Experts” (dated December 2004) indicates that the determination of exposure potential of 
candidate chemicals in California is qualitative.  This is based on “production, use, or 
monitoring data” as indicative of “qualitative evidence of exposure”.  Cyproconazole is 
currently not registered in California and there is no plan to register end-use products 
containing this active ingredient in California.  The only uses for which cyproconazole is 
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marketed in the US are soybeans, wheat and triticale; and only in states where these crops 
have significant acreage.  Therefore, cyproconazole does not meet the requirement for 
significant exposure to residents of California and should not be prioritized for review by the 
CIC.  This would prevent the use of the CIC and OEHHA staff resources for an evaluation 
when there is no direct exposure to residents of California. 
 
3.0 RELEVANT STUDIES IDENTIFIED BY OEHHA DURING THE 


PRELIMINARY TOXICOLOGICAL EVALUATION 


3.1 Genotoxicity Studies 


The USEPA concluded that the data on cyproconazole indicate that the compound is not 
genotoxic.  The USEPA states in their 2007 CARC report: 
 


“Consideration of the full mutagenicity database on cyproconazole shows 
that cyproconazole is not genotoxic.” 
(US EPA, 2007, page 40) 
 
“Based on the overall weight of evidence from the genetic toxicity battery 
of studies, the CARC panel concludes that cyproconazole is not acting via 
a genotoxic mode of carcinogenic action. Cyproconazole has been tested 
in several mutagenicity studies that were considered acceptable by the 
Agency and were negative with and without metabolic activation. The in 
vitro cell transformation conducted in Syrian hamster embryo cells with 
and without activation and the mouse bone marrow micronucleus were 
also negative. Results from in vitro Chinese hamster ovary cell cytogenetic 
study indicated that cyproconazole can be clastogenic without metabolic 
activation. A new in vitro cytogenetic assay however was negative for 
chromosome aberrations in CHO up to cytotoxic concentrations. In 
addition, a dominant lethal study in rats has been performed and the 
results were also negative. Based on this evidence, there is no concern for 
mutagenicity at this time.” 
(US EPA, 2007, page 36) 


  
The genotoxicity studies and their findings are summarized in Table 1.  Cyproconazole does 
not induce gene mutations in bacterial or mammalian cells in vitro.  A first in vitro 
chromosome aberration test in Chinese hamster ovary (CHO) cells revealed some evidence 
for a clastogenic potential of cyproconazole. However, this finding could not be confirmed 
when the slides were re-evaluated by a second, independent investigator. Furthermore, two 
additional in vitro chromosome aberration tests - one on CHO, another one on Chinese 
hamster lung (CHL) cells – revealed clear negative results. Cyproconazole did not show 
evidence for an aneugenic activity in yeast, did not induce unscheduled DNA synthesis in rat 
hepatocytes in vitro and caused no transformation of SHE cells in vitro. Beside this extensive 
battery of in vitro tests cyproconazole was further investigated in three in vivo studies in 
mice. Both, a bone marrow micronucleus test as well as a chromosome aberration assay 
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revealed no evidence for a clastogenic or an aneugenic activity of cyproconazole in vivo. 
Additionally, cyproconazole did not induce dominant lethal mutations in male germinal cells. 
 
Table 1 Summary of Genotoxicity Studies 


Study [Reference] Test system Concentrations/dose levels Results 
Bacterial gene mutation  


In vitro microbiological 
assays  
Hoorn, A. (1986) 


S. typhimurium 
TA 98, TA 100, 
TA 102, TA 1535 and TA 1537 


1.0-5000 µg/plate negative 


mitotic non-disjunction 
assay 
Hoorn, A. (1985) 


Saccharomyces cerevisiae 10-550 µg/ml negative +/- S9 


Gene mutation – mammalian cells (in vitro) 
HGPRT  gene mutation 
assay 
Miltenburger, H. (1985a) 


Chinese Hamster cell line V79 
 


20-200 µg/ml negative +/- S9 


Chromosome aberrations (cytogenetic assays) 
In vitro mammalian 
cytogenetic test  
Enninga, I.C. (1988), 
McEnaney, S. (1992) – 
re-evaluation 


Chinese hamster ovary (CHO 
cells) 


100-200 µg/ml Weakly clastogenic +/- S9 
Re-evaluation: negative +/- 


S9 


In vitro mammalian 
cytogenetic test  
Murli, H. (1990) 


Chinese hamster ovary (CHO 
cells) 


45-150 µg/ml negative +/- S9 


In vitro mammalian 
cytogenetic test  
Saigo, K. (1995) 


Chinese hamster lung (CHL cells) 100-800 µg/ml negative +/- S9 


DNA Repair in vitro / Cell transformation assay – mammalian cells  
In vitro mammalian cell 
DNA repair test  
Curren, R. (1988) 


Rat primary hepatocytes 0.15-15 µg/ml negative +/- S9 


In vitro cell transformation 
assay 
Miltenburger, H.G. 
(1985b) 


Syrian hamster embryo (SHE) cells 20-200 µg/ml negative +/- S9 


 
Study  


[Reference] 
Test system End point Results 


Micronucleus / nucleus anomaly assay 
in vivo mouse micronucleus 
assay  
Taalman, R. (1985) 


Swiss random mice (5m + 5f/group) 0, 16.7, 55.7, 167 mg/kg negative +/- S9 


In vivo mammalian bone 
marrow cytogenetic test 
Ogorek, B. (1999) 


ICO:CDI (CRL) mice (5m +5f/group) 0, 50, 100, 200 mg/kg negative +/- S9 


 In vivo studies in germ cells / Dominant Lethal Test  
Dominant lethal study 
Putman, D.L. (1991) 


Sprague –Dawley rats (20 m/group) 0, 20, 40, 80 mg/kg negative +/- S9 
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In summary, it can be concluded that cyproconazole is devoid of any genotoxic potential in 
prokaryotic and eukaryotic cells, in vitro and in vivo. 
 
3.2 Carcinogenicity Studies 


The toxicity profile of cyproconazole has been thoroughly tested over the full range of short, 
intermediate and long-term repeat dose studies, including carcinogenicity studies in rats and 
mice.  Cyproconazole was not carcinogenic to the rat (Warren et al., 1988), however, there 
was an increased incidence of neoplastic and non-neoplastic alterations in the liver of mice at 
high dose levels (Warren et al., 1989).  A study summary for the mouse neoplastic findings is 
included below. 
 
3.2.1 18-Month Study in Male and Female CD-1 Mice 


Male and female CD-1 mice (50 per sex per treatment group; 100 per sex in control group) 
were continuously treated for 81 and 88 weeks, respectively, at dose levels of 0, 5, 15, 100 
and 200 ppm (Warren et al., 1989). 
 
CCZ caused a treatment-related increase in the incidence of combined adenomas and 
carcinomas in the livers of mice at dose levels of 100 ppm and/or 200 ppm.  A summary of 
the incidence as evaluated statistically in the April 1992 EPA Peer Review (US EPA, 1992b) 
is shown in Table 2.  Survival was greater than control in the treatment groups, so adjustment 
for this greater survival was a necessary component of the statistical comparisons; in the EPA 
evaluation, this involved Peto’s Prevalence Test. 
 
Table 2 Incidence of Liver Tumors (Combined Adenoma and Adenocarcinoma) 


in CD-1 Mice Treated with Cyproconazole for 18 Months 


Male 
Mice 


Dose-ppm 0 5 15 100 200 
Dose 
mg/kg/day 0 0.69 1.84 13.17 27.85 


Incidence a 6/92 4/49 8/48 15/47** 13/48* 


Female 
Mice 


Dose 
mg/kg/day 0 1.03 2.56 17.65 36.30 


Incidence a 0/69 0/41 0/31 2/43 13/40** 
a Incidence values, significant trends and pair-wise comparisons were evaluated by Peto’s Prevalence test (from US EPA, 
1992b, 2nd Peer Review of Carcinogenicity, April 2, 1992).  
Incidence = number of tumor-bearing animals/number examined after first observation of a tumor. 
* p<0.05 
** p<0.01 
 
In pairwise comparisons, there was an increased incidence of adenomas/carcinomas in males 
at 100 ppm and 200 ppm, and in females at 200 ppm.  The NOAEL is 15 ppm in this study 
based on the tumor response in males and non-neoplastic micropathology changes in the liver 
of both males and females at the LOAEL of 100 ppm (US EPA, 1992b; US EPA, 2008). 
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3.3 Mechanistic Studies 
 
As a result of development of liver tumors, in both male and female mice receiving CCZ in 
the diet at concentrations of 100 ppm or more for 18 months, a comprehensive program of 
investigative work was conducted to understand the mode of action of CCZ for the 
carcinogenic response observed in mice.  Results from these experiments identified a number 
of key events associated with the development of liver tumors.  This information was 
compiled in a comprehensive Weight of Evidence (WOE) report that was submitted to the 
US EPA for evaluation (Peffer, 2006).  Also, certain aspects of the experimental data were 
subsequently published in a toxicology peer-reviewed journal (Peffer et al., 2007).  The 
WOE document provides a thorough review of the new data available on CCZ and describes 
in detail the likely mode of action (MOA) of CCZ in the development of liver tumors in 
mice.  A summary of the MOA is provided below. 
 
A number of time- and dose-related key events have been identified that characterize a mode 
of action (MOA) that leads to liver cancer in CCZ-treated mice.  Very similar results in 
concurrent experiments with phenobarbital (PB) in mice provide a link to further literature 
investigations of its effects in mice.  The proposed non-genotoxic MOA for induction of 
tumors in mice by CCZ (Figure 1) is initiated via activation of a nuclear receptor, CAR, 
leading to altered gene expression for CAR-responsive genes.  Alteration of gene expression 
produces a variety of cellular responses, involving: 
 


• disruption of cell cycle control mechanisms, resulting in increased cell proliferation 
and suppression of apoptosis.  


• induction of certain cytochrome P450 (CYP) isoenzymes, particularly Cyp2b10, 
Cyp2a5 and also Cyp3a family isoenzymes. 


• alteration in cholesterol/bile acid homeostasis, producing a decrease in plasma 
cholesterol. 


 
These early biochemical changes then generate liver growth, hepatocyte hypertrophy and fat 
vacuolation and an increase in single-cell necrosis.  A CAR-mediated stimulation of cell 
proliferation, as well as increased cell turnover in response to single-cell necrosis, results in 
an environment of higher cell replication that can generate a higher rate of spontaneous 
mutations.  Suppression of apoptosis provides an environment that would allow a mutated 
cell to clonally expand before it could be removed by normal apoptotic control processes.  
Following prolonged exposure, perturbation of hepatocyte growth and function becomes 
more severe, transformed cells progress to pre-neoplastic foci, and clonal expansion 
eventually leads to the development of liver tumors. 
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Figure 1 Key Events in the Proposed Mode of Action 


 


 
CYPs = cytochrome P450 isoenzymes 
EH = epoxide hydrolase 
GST = glutathione-S-transferase 
 
A summary of the experimental data generated for each key event in the proposed MOA 
follows.  These are described in further detail in the WOE report, and selected key events 
data are presented in greater detail in following sections as illustrations. 
 
Activation of CAR Nuclear Receptor:  Treatment of CAR null mice (CAR -/-) and wild 
type C3H mice (CAR +/+) with CCZ or PB (Milburn, 2006b, c) has demonstrated major 
differences in the qualitative and quantitative response of the liver between the two 
genotypes.  Wild type mice exhibited a strong pleiotropic response in the liver which 
comprised an increase in organ weight, hepatocellular hypertrophy, stimulatory effects on the 
cell cycle, induction of cytochrome P450, and, particularly at the high dose of CCZ, slight 


Activation of CAR Nuclear Receptor 


Altered gene expression of CAR-regulated genes 


Cyp2b10, Cyp2a5, Cyp3a 
Other metabolizing enzymes 


Cell cycle, growth and 
apoptosis control genes 


Cholesterol, bile acid 
homeostasis control 


↑ CYPs,  
EH, GST 


↓ Plasma Cholesterol 
↑ Cell proliferation 


↓ Apoptosis 


Progressing over time: 
• Hepatocellular hypertrophy, fat 


vacuolation, single cell necrosis 
• Pre-neoplastic foci 
• Hyperplasia 


Tumors 
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liver damage.  CAR null mice, if at all, were much less affected when the same biological 
endpoints were considered. 
 
Altered Gene Expression of CAR-Regulated Genes:  Real time PCR measurements of 
gene expression (mRNA) from short-term treatments of C3H mice with CCZ or PB were 
conducted, and showed differentially expressed genes consisting of: 


• CYP2b10:  this CYP that is a characteristic marker of CAR activation and was many-
fold increased in expression by CCZ and PB. 


• Gadd45β:  this pro-proliferative and anti-apoptotic gene was strongly induced by both 
CCZ and PB. 


• Tsc22:  this pro-apoptotic gene was significantly down-regulated by CCZ treatment, 
which is consistent with a suppression of apoptosis. 


 
Early Perturbation of Liver Function – Metabolizing Enzyme Induction:  In the mouse, 
a PB-like induction profile of CCZ comprised an induction of cytochrome P450 isoenzymes 
of subfamily CYP2b, CYP2d, CYP2a4/5 and CYP3a, with lesser induction of CYP1a2 
(females) and CYP2a12, and induction of the phase II enzymes microsomal epoxide 
hydrolase (EH), and cytosolic glutathione S-transferase(GST).  UDP-glucuronyltransferase 
(UDPGT) activity was increased after PB treatment, whereas somewhat lower increases 
occurred after CCZ treatment (50 and/or 100 ppm, but not at 200 ppm).  A mode of action of 
CCZ as a polycyclic aromatic hydrocarbon- or peroxisome type inducer can be excluded as 
cytochrome P450 isoenzymes of subfamily CYP1a and CYP4a were not induced or only 
slightly induced. This study (Trendelenburg, 2001) was reviewed by EPA (EPA, 2005b), and 
the reviewer agreed in principle with the following study conclusions: 


• “The induction of enzyme activities and cytochrome P450 enzyme expression were 
similar to those observed for phenobarbitone. 


• The profile of testosterone metabolism in phenobarbitone-treated mice was similar to 
that observed for mice at 200 ppm SAN619A (cyproconazole).” 


  
Stimulation of Cell Proliferation:  Evaluation of cell proliferation was conducted in several 
studies, including a comparison of BrdU labeling in rats and mice after treatment at a range 
of dose levels for up to 28 days (Warren, 1995).  Results of this study in rats and mice are 
compared in Tables 3 and 4.  A clear difference between rats and mice was the lack of any 
indication of an increase in cell proliferation in rats.  In fact, the highest dose tested in rats 
(1400 ppm) caused a decrease in cell proliferation at 14, 21 and 28 days of treatment.  In 
contrast, mice at the highest dose tested (200 ppm) had clear increases in cell proliferation 
from day 2 through day 7 of treatment.  At 100 ppm and 15 ppm, only one time point (3 
days) showed an increase in cell proliferation.  In the 100 ppm group, the labeling index at 3 
days (0.19, p<0.05) was preceded by a BrdU labeling index at 2 days (0.16) that was above 
the control range (0.03 – 0.11) and suggested a consistent effect at this time.  In the 15 ppm 
group, the labeling index at 3 days (0.17, p<0.05) was preceded and followed by BrdU 
labeling indices (0.09, 0.06) on day 2 and day 4 that were within the control range.  Thus, the 
single increased value at 15 ppm at 3 days represents a very transient and relatively weak 
effect on cell proliferation; it is uncertain if this represents a true effect of treatment at 15 
ppm. 
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Table 3 Cell Proliferation after Cyproconazole Administration to Male Wistar 
Rats 


  Labeling Index (%) 
  Days of Treatment 
Method Dose 1 2 3 4 7 14 21 28 
BrdU 0 ppm 0.17 0.19 0.17 0.12 0.14 0.13 0.13 0.16 
 20 ppm 0.20 0.19 0.12 0.19 0.17 0.11 0.17 0.15 
 350 ppm 0.20 0.20 0.30 0.16 0.12 0.10 0.05 0.18 
 1400 ppm 0.16 0.28 0.10 0.04 0.44 0.05* 0.01** 0.07* 
* p<0.05 
** p<0.01 
Data from Warren, 1995. (page 408). 
 
Table 4 Cell Proliferation after Cyproconazole Administration to Male CD-1 


Mice 


  Labeling Index (%) 
  Days of Treatment 
Method Dose 1 2 3 4 7 14 21 28 
BrdU 0 ppm 0.07 0.03 0.03 0.11 0.06 0.07 0.06 0.05 
 15 ppm 0.03 0.09 0.17* 0.06 0.05 0.12 0.02 0.09 
 100 ppm 0.06 0.16 0.19* 0.07 0.14 0.07 0.10 0.04 
 200 ppm 0.04 0.36* 0.35* 0.26* 0.19* 0.10 0.04 0.05 
* p<0.05 
** p<0.01 
Data from Warren, 1995. (page 408). 
 
In experiments with wild type C3H mice and CAR null mice, Ki67 was used as the method 
of measurement for cell proliferation.  Ki67 is a protein that is expressed during non-
quiescent phases of the cell cycle, and immunohistochemical measurement of the Ki67 in the 
nucleus is a measure of cell proliferation (Brown et al., 1990).  Measurement of Ki67 
avoided implantation of BrdU minipumps in the limited number of CAR null mice available, 
and the possible confounding influence of BrdU administration on other parameters that were 
being measured such as gene expression.  Results of cell proliferation after CCZ or PB 
treatment are shown in Table 5. 
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Table 5 Cell Proliferation in C3H Wild Type and CAR Null Mice Treated with 


Cyproconazole or Phenobarbital 


 Ki67 Labeling Index, Mean (St. Dev). 


 CCZ (ppm) PB (ppm) 
0 200 0 450 0 850 


Day 3:       


C3H Wild Type Mice     0.58 
(0.21) 


4.94** 
(0.92) 


CAR Null Mice     0.28 
(0.09) 


0.10** 
(0.04) 


Day 7:       


C3H Wild Type Mice 0.57 
(0.19) 


1.19** 
(0.31) 


0.44 
(0.17) 


2.18** 
(0.74) 


0.68 
(0.20) 


2.08** 
(0.73) 


CAR Null Mice 0.31 
(0.14) 


0.44 
(0.12) 


0.37 
(0.15) 


0.70* 
(0.17) 


0.37 
(0.23) 


0.48 
(0.28) 


* p<0.05 
** p<0.01 
Data from Milburn, 2006b, c 
 
After CCZ treatment for 7 days, an increase in cell proliferation was observed at both 200 
ppm (209% of control) and 450 ppm (495% of control) in wild type mice.  In CAR null mice, 
the 200 ppm CCZ-treated group showed no increase in Ki67 labeling above control, and the 
450 ppm CCZ-treated group was increased but to a lesser extent (189% of control) compared 
to the wild type group. 
 
After PB treatment for 3 or 7 days, increases in cell proliferation occurred in wild-type mice, 
amounting to 852% and 306% of control, respectively.  In CAR null mice, no increase in cell 
proliferation was observed at either time point; the 3-day value was decreased compared to 
the concurrent control value. 
 
In summary, these experiments demonstrated that the cell proliferation response to CCZ or 
PB in mice was CAR-dependent.  Although the Ki67 labeling index at 450 ppm CCZ was 
still slightly above the control value in CAR null mice, it was much lower than in wild type 
mice.  This dose level is an excessive dose that is higher than that tested in the chronic 
bioassay in mice, and other non-CAR mediated effects may have contributed to the response 
at this dose level.  The 200 ppm CCZ dose level produced biological responses similar to the 
850 ppm PB dose level. 
 
Suppression of Apoptosis:  the recording of apoptosis via TUNEL staining in a 14-day 
mouse study showed low values in all control and treated groups, with a limited number of 
statistically significant decreases in apoptosis occurring in each treatment group.  These 
results are consistent with the increased expression of Gadd45β (an anti-apoptotic gene) and 
decreased expression of Tsc22 (a pro-apoptotic gene) by RT-PCR. 
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Decreased plasma cholesterol:  In examination of plasma clinical chemistry, one of the 
most consistent findings with CCZ treatment in short-term studies in mice is a decrease in 
plasma cholesterol.  In a 14-day study, treatment with 200 ppm or 450 ppm CCZ, or 850 ppm 
PB, produced a decrease in cholesterol on Day 2.  The effect was transient in PB-treated 
mice, with no effect on Day 7 or 14.  In contrast, lower cholesterol values persisted 
throughout the study after both 200 ppm and 450 ppm CCZ treatment. 
 
Liver Micropathology Changes and Liver Weight Effects:  Liver micropathology changes 
in mice treated with CCZ remained fairly consistent throughout studies of short-term (2-14 
days), subchronic (90 days) and chronic duration.  In addition, results of liver 
micropathology examinations provide the most dramatic differences seen between C3H wild 
type mice and CAR null mice treated with CCZ or PB.  In the wild type mice, the same 
pattern of effects as in other studies was seen, comprising hypertrophy (centrilobular for PB, 
centrilobular/panlobular for CCZ), fat vacuolation, single cell necrosis (only after CCZ 
treatment), and a marked increase in liver weight adjusted for terminal body weight.  In 
contrast, in CAR null mice the following was noted: 


• no hepatocyte hypertrophy 
• no single cell necrosis 
• no fat vacuoles observable with H&E stain in CCZ-treated mice. 
• no increase in liver weight 


Although liver weight adjusted for terminal body weight in CAR null mice given 450 ppm 
CCZ was slightly higher than the control value (113% of control), a mean body weight 
decrease during treatment was observed in CAR null mice at this dose level, and the adjusted 
liver weight difference may be attributed to this rather than any effect on the absolute liver 
weight. 
 
4.0 DISCUSSION 


Currently established criteria to evaluate the human relevance of animal MOA data require 
scientific information to address the following elements:  1) specificity, consistency and 
strength of the data, 2) elimination of alternative explanations, and, 3) determination of the 
likelihood that the proposed MOA could be operative in humans (US EPA, 2005a; Meek et 
al., 2003).  Overall, the data obtained from the CCZ research program and presented in the 
WOE report strongly support the proposed MOA for mouse liver tumors.   
 
First, the key events described in the proposed MOA occurred in a logical temporal sequence 
and displayed dose-response relationships consistent with the findings of the carcinogenicity 
studies.  In addition, the critical key event of cell proliferation and single cell necrosis were 
shown not to occur in rats, a non-responding species.  Also, the key events (i.e. CAR 
activation, gene activation, cell proliferation, suppression of apoptosis, biochemical changes, 
and single-cell necrosis) are biologically plausible, as they are known to be associated with 
the development of liver tumors in mice with agents such as PB.  Table 6 shows the dose-
response relationships of the key events data for CCZ. 
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Table 6 Dose Response Relationship for Key Events 


Key Event, Parameter Evaluated: 5 ppm 15 ppm 100 ppm 200 ppmc 450 ppmc 
CYP Induction 
 Cyp2b10 
 Cyp2a5 
 Cyp3a isoenzymes 


 
nd 
nd 
nd 


 
nd 
nd 
+ 


 
+ 
+ 
+ 


 
+ 
+ 
+ 


 
+ 
+ 
nd 


Cell Proliferation 
 BrdU or Ki67 labeling 


 
nd 


 
+/-a 


 
+ 


 
+ 


 
+ 


Cell Cycle/Apoptosis Control Altered 
 Gadd45β increase by RT-PCR 
 Decreased apoptosis 
 Tsc22 decrease by RT-PCR 


 
nd 
nd 
nd 


 
nd 
nd 
nd 


 
nd 
nd 
nd 


 
+ 
+ 
- 


 
+ 
+ 
+ 


Decreased cholesterol – Short-term nd nd nd + + 
Liver Weight Increase 
 Short-term 
 Subchronic (13 week) 
 Chronic 


 
nd 
- 
- 


 
- 
- 
- 


 
+ 
nd 
+ 


 
+ 
+ 
+ 


 
+ 
+ 
nd 


Liver hypertrophy 
 Short-term 
 Subchronic (13 week) 
 Chronic 


 
nd 
- 
- 


 
+ 
- 
- 


 
+ 
nd 
+ 


 
+ 
+ 
+ 


 
+ 
+ 
nd 


Liver vacuolation 
 Short-term 
 Subchronic (13 week) 
 Chronic 


 
nd 
- 
- 


 
+ 
- 
- 


 
+ 
nd 
+ 


 
+ 
+ 
+ 


 
+ 
+ 
nd 


Liver single-cell necrosis 
 Short-term 
 Subchronic (13 week) 
 Chronic 


 
nd 
- 
- 


 
+/-b 


- 
- 


 
+ 
nd 
+ 


 
+ 
+ 
+ 


 
+ 
+ 
nd 


Tumors - - + + nd 
nd = not determined 
a Uncertain, transient effect.  In the 15 ppm group, the BrdU labeling index at 3 days (0.17, p<0.05) was preceded and 
followed by BrdU labeling indices (0.09, 0.06) on day 2 and day 4 that were within the control range (0.03 – 0.11). 
b Uncertain, transient effect.  Initial review of the study pathologist in Warren, 1995 did not record any incidence of single 
cell necrosis in the 15 ppm group at various times up to 28 days.  Re-review by a different pathologist in 1999 (Weber, 
1999) led to description of a low incidence (typically 1/5 animals) with minimal single-cell necrosis.  In controls this same 
grading and incidence was observed, but with less frequency over multiple time points. 
c 450 ppm results are only available for short-term and subchronic duration.  For subchronic (13-week) results, composite 
response at 300 ppm and 600 ppm dose levels, which bracket the 450 ppm dose level in the mechanistic studies, is 
summarized.  An interim sacrifice in the 18-month study provided 13-week (subchronic) micropathology data for the 200 
ppm dose level. 
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At 100 ppm and 200 ppm, virtually all of the key events in the MOA were observed, which 
correlated precisely with the dose levels that caused tumors.  At 15 ppm, the NOAEL in the 
18-month mouse study, very few of the key events occurred and those that did were transient.  
In studies of up to 28 days duration, hypertrophy and vacuolation in the livers of mice were 
observed at 15 ppm, but these were of minimal severity, partial incidence, and were not seen 
after 13 weeks or 18 months of treatment.  Thus, the minor effects at 15 ppm were adaptive 
responses to short-term administration that were reversible with longer-term administration.  
Slight induction of CYP isoenzyme Cyp3a was observed at 15 ppm in a short-term study as 
well, which is consistent with the transient liver hypertrophy.  Notably, the effects on the 
liver at 15 ppm were not sufficiently great to cause an increase in liver weight.  It was 
uncertain whether actual treatment-related increases in cell proliferation or single cell 
necrosis occurred at 15 ppm, due to the marginal response in short-term studies, and lack of 
similar or corroborative findings at later intervals (see footnotes to Table 6).  At 5 ppm, there 
were no effects on any of the measured key events. 
 
In summary, the key events in the mode of action correlated closely with the dose levels that 
caused tumors after 18 months of treatment (100 ppm and 200 ppm). 
 
Second, alternative modes of action were specifically studied and excluded.  For example, 
there was minimal induction of CYP1a isoenzymes (inducible by polycyclic aromatic 
hydrocarbons) and CYP4a isoenzymes or CN-insensitive palmitoyl CoA oxidation (inducible 
by peroxisome proliferating compounds).  Also, multiple studies of genotoxicity have ruled 
out this potential MOA for cyproconazole. 
 
Third, the WOE report addressed the plausibility that the animal mode of action could be 
operative in humans.  No direct human data with CCZ is available, but CCZ has been shown 
to operate via a mode of action in mice that is directly linked to that of PB, based on: 


• an identical enzyme induction profile to that of PB 
• similar micropathology events 
• clear dependence on CAR activation as a critical first step. 


 
Therefore, the extensive dataset on PB is used to infer the likelihood of each key event in the 
MOA to occur in humans (Table 7). 
 
Table 7 Concordance of Key Events across Species 


Key Event Mouse Rat Human 
(no data with CCZ; results 
based on PB data) 


Activation of CAR and altered 
gene expression 


Yes Likely Likely 


CYP induction (2b, 3a) Yes Yes Yes, but much lower than in 
mice or rats 


Cell Proliferation Yes No Not likely  
Apoptosis Suppression Yes Not 


determined 
Not likely 


Single Cell Necrosis Yes No Not likely 
Tumors Yes No Not likely 
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The inherent susceptibility of mice to liver tumor formation, and the fact that a tumor 
response and associated key events were only seen in mice and not in rats treated with CCZ, 
provides greater assurance that a tumor response is highly unlikely in humans.  Further 
weight of evidence of even greater importance for CCZ specifically is the fact that long-term 
epidemiology studies on the use of PB in humans have indicated no evidence of an increase 
in tumors (Whysner et al., 1996; IARC, 2001).  This fact has led some authors to conclude 
that for xenobiotics for which a robust data set exists demonstrating a PB-like mode of 
action, it can be concluded that a carcinogenic response in rodent liver is not relevant to 
humans (Holsapple et al., 2006).  The data set for CCZ is very strong in this regard, based on 
consecutive studies in mice that have demonstrated that CCZ and PB produced the same 
series of key events, and that these key events are CAR-dependent for both compounds.  In 
summary, there is a strong weight of evidence that liver tumors after CCZ treatment are 
unique to mice. 
 
5.0 US EPA ASSESSMENT OF MODE OF ACTION 


The US EPA has recently concluded that, for the Mode of Action: 
 


“The overall weight of the evidence supports a non-liner, non-genotoxic, 
mitogenic mode of action for cyproconazole through activation of the 
constitutive androstane receptor (CAR) receptor, which is considered the 
required initiating event leading to the cascade of key events that result in 
the induction of liver tumors in cyproconazole-treated mice.  Development 
of liver tumors in mice administered cyproconazole orally is initiated by 
activation of the CAR in liver hepatocytes followed by altered gene 
expression, cell proliferation, suppression of apoptosis, alterations in liver 
function (enzyme activity) resulting in decreased plasma cholesterol, and 
hepatocyte toxicity (hypertrophy, hyperplasia and necrosis). This mode of 
action is both qualitatively and quantitatively plausible in humans and 
cannot be dismissed because there is insufficient information on the 
kinetic and dynamics factors of the CAR receptor in humans and different 
animal species.  The data did not support peroxisome proliferation, 
mutagenesis or cytotoxicity followed by regenerative proliferation as 
alternative modes of action.” (US EPA, 2007) 
 


The US EPA further concluded: 
 


“In accordance with the EPA Final Guidelines for Carcinogen Risk 
Assessment (March 29,2005), the CARC classified Cyproconazole as "Not 
Likely to be Carcinogenic to Humans" at doses that do not cause 
mitogenic response in the liver. In contrast to rodent cells, there are some 
limited data to suggest that CAR activation does not stimulate cell 
proliferation or inhibit apoptosis in human cells. However, the literature 
does not yet support the conclusion that CAR activation is not biologically 
plausible in humans. This conclusion is based on the weight of evidence 
that supports a nongenotoxic mitogenic mode of action for cyproconazole. 
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The activation of the CAR receptor, the required initiating event, leads to 
a cascade of key events resulting in liver tumor development in mice.” 
(US EPA, 2007) 


 
6.0 CONCLUSIONS 


When CCZ was originally registered in the US, the US EPA classified it as a Category B2 
(probable human) carcinogen, based on liver tumors at high dose levels in an 18-month 
mouse study (US EPA, 1992a).  Following criteria defined for evaluating a mode of action 
(US EPA, 2005a; Meek et al., 2003), Syngenta developed an extensive investigative program 
designed to characterize the CCZ mode of action for liver tumors in mice.  Results from this 
work are summarized in a weight of evidence evaluation document that was submitted to the 
US EPA (Peffer, 2006).  On November 29, 2007, the Cancer Assessment Review Committee 
published the final report on the evaluation of the carcinogenic potential of CCZ.  On 
February 27, 2008, the Health Effects Division published the “Cyproconazole:  Updated 
Revised Human-Health Risk Assessment” for food uses in a variety of crops (US EPA, 
2008). 
 
This research program demonstrated that CCZ-induced tumors in mice are species-specific, 
and arise through a non-genotoxic MOA characterized by a series of key events that include:  
CAR activation, selective gene activation, cell proliferation, suppression of apoptosis and 
single-cell necrosis.  This MOA was shown to operate with the same key events as 
phenobarbital, a known non-genotoxic mouse tumorigen that does not induce tumors in 
humans in multiple long-term epidemiology studies.  Therefore, it is concluded that humans 
would not be at risk of developing tumors as a result of exposure to cyproconazole. 
 
Based on the results from toxicity studies, mechanistic studies and the evaluation of the 
overall weight of evidence, the carcinogenic MOA of cyproconazole is considered to be well 
understood.  While US EPA considered that the mode of action demonstrated for 
cyproconazole was still plausible in humans, they concluded based on the weight of evidence 
that cyproconazole is “not likely to be carcinogenic in humans” (US EPA, 2007).  In 
addition, no end-use products containing cyproconazole are currently registered in California 
and there are no plans to register any products in the future due to uses on crops not 
significant in California agriculture.  Accordingly, cyproconazole should not be considered 
for listing as a carcinogenic toxicant under Proposition 65. 
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Industry Task Force II on 2,4‐D Research Data: 
Comments on CIC Prioritization of 
2,4‐Dichlorophenoxyacetic Acid (2,4‐D) & Its Salts and Esters 


       
Ms. Cynthia Oshita 
Proposition 65 Implementation  
Office of Environmental Health Hazard Assessment 
1001 I Street,  
Sacramento, CA  95814 
               


Dear Ms. Oshita 


On behalf of the Industry Task Force II on 2,4‐D Research Data, we are providing comments on 


the upcoming prioritization by the Carcinogen Identification Committee (CIC)  on “2,4‐


dichlorophenoxyacetic acid (2,4‐D) and its salts and Esters.”  Our comments are attached to this 


cover letter.  A CD containing electronic copies of the references cited in our comments is 


enclosed.   


The attached comments support our conclusion that 2,4‐D and its salts and esters should be 


given low priority by the Task Force.  2,4‐D is supported by one of the most extensive and 


modern scientific databases of any chemical, originating from academic and governmental 


investigations as well as from modern guideline studies produced by industry.  As detailed in 


the attached comments, 2,4‐D has been thoroughly evaluated by numerous authoritative 


bodies over the years, including numerous recent assessments.  No regulatory agency has 


concluded that 2,4‐D or its salts or esters are carcinogenic.  We are confident that, were the CIC 


to perform an analogous evaluation of 2,4‐D, the CIC would come to the same conclusion.  


Therefore, the Task Force recommends that 2,4‐D be assigned a minimum of a “low priority” 


for further review.   
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Industry Task Force II on 2,4-D Research Data 


Comments on CIC’s Prioritization of  
2,4-Dichlorophenoxyacetic Acid (2,4-D), and Its Salts and Esters 


September 20, 2011  


SUMMARY.  The Industry Task Force II on 2,4-D Research Data, the industry coalition that 
coordinates the development of the scientific data that supports the evaluations of 2,4-D and 
its salts and esters, worldwide, is pleased to provide the Carcinogen Identification Committee 
(CIC) with our comments to assist in your process of prioritizing these chemicals for future 
consideration under Proposition 65.  Our comments are summarized as follows: 


 Scientific Database.  2,4-D and its associated compounds are supported by one of the 
most extensive and modern scientific databases in the industry, including both animal 
studies and epidemiological reports. 
 


 Continual Regulatory Review and Oversight.  As an important group of pesticide 
ingredients, 2,4-D and its salts and esters are continually assessed by regulatory 
agencies, worldwide, including assessments of carcinogenic potential, (e.g. USEPA in 
1997, 2005 and 2007, Canada in 2007, OEHHA in 2009, European Union in 2001, WHO in 
1996, along with other jurisdictions such as New Zealand and Australia). 
 


 No Regulatory Agency has Concluded that 2,4-D, its Salts, or its Esters are 
Carcinogenic.  These conclusions are detailed below. 
 


 Epidemiological Data.  All recent evaluations of the human studies by regulatory 
authorities have concluded that these data do not link any human cancer to exposures 
to 2,4-D, as detailed below. 
 


 Animal Studies. The animal studies performed on 2,4-D do not show an association with 
tumor formation, as concluded by all regulatory agencies that have assessed these data, 
as detailed below.  
 


 Genotoxicity.  Assessments of the extensive genetic toxicity database by regulatory 
agencies have all concluded that 2,4-D, by weight of evidence, is not genotoxic, as 
detailed below.  
 


 Low Priority Appropriate.  Since there is overwhelming consistency in the conclusions 
drawn by other regulatory authorities regarding the lack of carcinogenic potential for 
2,4-D its salts and esters, the further assessment by the CIC is likely to come to the same 
conclusion.  Therefore, a low priority for this future consideration is fully defendable.  
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DETAILS.  In the remaining pages of our comments, for the convenience of the CIC members, 
we have summarized the recent conclusions of the major regulatory authorities regarding the 
potential carcinogenicity of 2,4-D and its salts and esters.  We believe their conclusions speak 
clearly regarding how other authorities have assessed the available database.  At the end, we 
will summarize the now-archaic assessment of “Chlorophenoxy Herbicides” by IARC in the 
1970s and how IARC’s eventual conclusions on 2,4-D are, in fact, fully consistent with the 
modern assessments of 2,4-D.  


We will start our review with the USEPA and then follow with the recent assessments by 
OEHHA and other select regulatory authorities. 


 
 USEPA Summary – Special Review on Cancer and 2,4-D (USEPA, 2007) 


The USEPA recently completed an evaluation process that spanned a period of over 15 years in 
which they gathered and assessed the data on the potential carcinogenicity of 2,4-D and a few 
related compounds to determine whether the Agency should focus further attention on this 
potential, through a Special Review process.  The primary trigger of this special evaluation was 
earlier epidemiological studies that were interpreted to associate 2,4-D exposures with non-
Hodgkin’s lymphoma. The USEPA concluded in 2007 that 2,4-D’s cancer potential is not a 
concern, as follows:   


“This notice announces EPA’s Decision Not to Initiate a Special Review for 2,4-D, 
2,4-DB and 2,4-DP. Based on extensive scientific review of many epidemiology 
and animal studies, the Agency finds that the weight of the evidence does not 
support a conclusion that 2,4-D, 2,4-DB and 2,4-DP are likely human 
carcinogens. The Agency has determined that the existing data do not support 
a conclusion that links human cancer to 2,4-D exposure. This conclusion applies 
to 2,4-DB and 2,4-DP because they were considered for Special Review based 
solely on their similarity to 2,4-D. In addition, because they are used significantly 
less than 2,4-D, their contribution to exposure is minimal relative to 2,4-D. 
Because the Agency has determined that the existing data do not support a 
conclusion that links human cancer to 2,4-D exposure, the Agency is not 
initiating a Special Review of 2,4-D, 2,4-DB and 2,4-DP.” (USEPA, 2007, emphasis 
added) 


The USEPA specifically evaluated the numerous epidemiological studies available on 2,4-D.  This 
was part of an ongoing process with the Agency.  They summarized their assessment as follows: 
 


“The Agency has twice recently reviewed epidemiological studies linking cancer 
to 2,4-D exposure. In the first review, completed January 15, 2004, EPA 
concluded there is no additional evidence that would implicate 2,4-D as a cause 
of cancer (EPA, 2004). The second review of available epidemiological studies 
occurred in response to comments received during Phase 3 of the Public 
Participation Process for the 2,4-D RED.  EPA’s report, dated December 8, 2004, 
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found that none of the more recent epidemiological and animal studies 
support a conclusion that 2,4-D, 2,4-DB and 2,4-DP are likely human 
carcinogens.” (USEPA, 2007, emphasis added) 


 


USEPA Summary – Reregistration Eligibility Decision (RED) (USEPA, 2005) 


The USEPA completed their comprehensive evaluation of 2,4-D and its salts and esters 
in 2005, 2,4-D RED. The USEPA went on to conclude that 2,4-D should be given the 
lowest classification for compounds that have any possible data involving potential 
carcinogenicity, as follows: 


“A Science Advisory Board/Scientific Advisory Panel Special Joint Committee 
reviewed available epidemiological and other data on 2,4-D in 1992 and 
concluded that “the data are not sufficient to conclude that there is a cause 
and effect relationship between exposure to 2,4-D and non-Hodgkin’s 
lymphoma.” 2,4-D has been classified as a Category D chemical (i.e., not 
classifiable as to human carcinogenicity), by the EPA/OPP Cancer Peer Review 
Committee in 1996. The Agency requested further histopathological 
examinations of rat brain tissues and mouse spleen tissues in question. These 
exams were submitted and reviewed and on March 16, 1999, the Agency 
notified the 2,4-D Task Force that the Agency would continue to classify 2,4-D as 
a Group D carcinogen.” (USEPA, 2005, emphasis added) 
 
 


OEHHA Summary - Public Health Goal (PHG) for 2,4-D – Human Data (OEHHA, 2009)   


OEHHA finalized their recent assessment of 2,4-D in 2009.  The assessment was performed to 
develop a Public Health Goal (PHG) for use by the California Department of Public Health for 
water safety.  As part of the OEHHA assessment, they evaluated the available epidemiological 
data and concluded:  


“Multiple epidemiological investigations have suggested an association of 
herbicide use or potential exposure with various tumor types. However, the 
tumor types increased have been inconsistent among studies. Several studies 
indicated a possible increase in non-Hodgkin’s lymphoma (NHL) and soft tissue 
sarcomas associated with agricultural applications of phenoxyacetic acid 
herbicides (Hoar et al., 1986; Kelly and Guidotti, 1989; Zahm et al., 1990; Hardell 
and Eriksson, 1999; Hardell et al., 2002), while others did not (Cantor et al., 
1992; De Roos et al., 2003). The pooled analysis of three National Cancer 
Institute (NCI) farmworker studies which was conducted by De Roos et al. (2003) 
attempted to provide a more rigorous analysis of the association of NHL with 
pesticide exposures among male Midwestern farmers. This analysis found no 
association of NHL with use of 2,4-D, basically because the slight positive 
association in two of the studies was negated by the lack of association in the 
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third. However, De Roos et al. pointed out that changes in immune parameters 
reported among farmers who use phenoxyacetic acid herbicides are consistent 
with mechanisms of action which could result in NHL.” (OEHHA, 2009, pgs 18-19, 
emphasis added) 
  
“Davis et al. (1993) found that increased brain cancer among children was 
strongly associated (odds ratios up to 6.2) with household use of pesticides, 
including 2,4-D, the herbicide most widely used around homes. Leiss and Savitz 
(1995) found odds ratios of about four for treatment of yards with pesticides 
among children aged 0 to 14 with soft tissue sarcomas, compared to case-
controls. This analysis was conducted on a database of childhood cancer cases in 
the Denver metropolitan area from 1976 to 1983 collected for an 
electromagnetic field exposure study. The actual number of cases is small (24 
cases, 216 controls) and the stated odds ratios cannot be readily derived from 
the values provided in the paper. Attempts to communicate with the authors to 
substantiate the calculations were unsuccessful. All of these studies are 
complicated by exposures to multiple chemicals, especially 2,4,5-T and its 
contaminant, 2,3,7,8-TCDD. It should be noted that the registration of the active 
ingredient 2,4,5-T has now been canceled, and TCDD is claimed not to be a 
contaminant of 2,4-D. Hardell suggests that a declining incidence of NHL in 
Sweden and other European countries is likely to have resulted from decreased 
exposure to both TCDD and phenoxyacetic acids (Hardell and Eriksson, 2003; 
Hardell, 2004). However, the studies of Hardell et al., the NCI, and other 
workers provide no compelling evidence of a link between exposure to 2,4-D 
and increased rates of any tumor type.”  (OEHHA, 2009, pgs 18-19, emphasis 
added) 
 
 


OEHHA Summary - Public Health Goal (PHG) for 2,4-D - Animal Data (OEHHA, 2009)  


As part of OEHHA’s 2009 assessment of 2,4-D for the PHG, the available animal data was 
assessed.  OEHHA made the following conclusions regarding an older 1983 cancer study in rats 
that is the only study that has indicated a possible neoplastic response to 2,4-D.  OEHHA 
concluded:  


“The earliest combined toxicity and oncogenicity study on 2,4-D was presented 
in two reports, one preliminary (Dow, 1983) and the other final (Hazleton, 
1986). The study was conducted with Fischer 344 rats, 60/sex/dose. Animals 
were administered 2,4-D in the diet at doses equivalent to 0, 1, 5, 15 and 45 
mg/kg-day for 104 weeks. Kidney changes (tubular cell pigmentation) were 
observed at all but the lowest dose (1 mg/kg of body weight). Besides these 
changes, male rats had an increased incidence of astrocytomas - 1, 0, 0, 2, and 6 
for the increasing dose groups. However, evaluation of the tumor pathological 
data suggests that the increased incidence of tumors in the high dose group 
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was incidental, since several basic characteristics commonly observed in 
treatment-caused astrocytomas were not observed in this study.” (OEHHA, 
2009, pgs 16-17, emphasis added) 
 


OEHHA also evaluated the newer, USEPA Guideline studies in mice and rats and made the 
following conclusions: 


  
“Additional cancer bioassays in rats and mice were conducted by Dow 
Chemical Company (Charles et al., 1996a) to follow up on the earlier equivocal 
observation of astrocytomas in male rats at 45 mg/kg-day (Dow, 1983). The 
previous observation of astrocytomas was not confirmed with rat doses of 0, 5, 
75 and 150 mg/kg-day administered in feed for two years. At 75 mg/kg-day there 
was decreased body-weight gain, reduced platelet count, an increase in alkaline 
phosphatase, thyroxin (T4), and cholesterol, and increased thyroid weights in 
both sexes. Reduced body weight, reduced glucose and globulin levels, reduced 
blood parameters (RBC count, Hb, HCT, platelet count), reduced ovarian weights, 
increased thyroid weights, increased hepatocyte size and increased chronic or 
subchronic inflammation in the lungs were observed only in females, while 
increased alanine and aspartate aminotransferases and decreased testes weights 
were observed only in males. At 150 mg/kg-day, adverse effects were observed 
in the eyes (cataracts and retinal degeneration), heart (degeneration), liver and 
adipose tissue (histopathological changes), lungs (inflammation and 
histiocytosis) and in the level of circulating thyroxin, which was substantially 
reduced.  


“No increases in tumor rates were found in either male or female rats, 
although cataracts and retinal degeneration were found in both sexes at 150 
mg/kg-day. There was also no increase in tumor rates in mice administered 2,4-D 
in food for two years at 5, 150 or 300 mg/kg-day for females and 5, 62.5 or 125 
mg/kg-day for males. In both rats and mice, a chronic NOAEL of 5 mg/kg-day was 
determined for 2,4-D acid added to food.” (OEHHA, 2009, pgs 16-17, emphasis 
added) 
 


Finally, OEHHA assessed an additional study that used the dimethylamine salt of 2,4-D as the 
test article.  OEHHA made the following summary of the study: 
 


“In a study by Paulino et al. (1996), male rats were exposed to 200 ppm of 2,4-D 
dimethylamine salt in their drinking water for 180 days, which provided an 
equivalent dose of about 20 to 25 mg/kg-day. Modest changes observed in 
serum enzymes suggest some liver and muscle cytotoxicity, but no macroscopic 
or histopathological lesions were observed at autopsy. These results are also 
consistent with the acute and subchronic studies in rats of Charles et al., 1996b), 
which showed modest hematological, kidney and liver effects at the low doses, 
with a NOAEL of 15 mg/kg-day. Cataracts and retinal degeneration were found in 
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female rats treated at 300 mg/kg-day (Charles et al., 1996b).” (OEHHA, 2009, pgs 
16-17, emphasis added) 
 
 


OEHHA Summary - Public Health Goal (PHG) for 2,4-D – Genetic Toxicity Data (OEHHA, 2009) 


The evaluation of 2,4-D by OEHHA to develop California’s PHG for 2,4-D included an assessment 
of the large genetic toxicity database.  OEHHA made the following summary: 


“Garabrant and Philbert (2002), in their recent review of 2,4-D human and 
animal toxicity studies, underlined non-genotoxic and non-mutagenic effects of 
2,4-D and its derivatives. They concluded that 2,4-D and its salts and esters in in 
vitro experiments had no effects in bacteria (Ames test) and did not induce 
DNA damage and repair in rat hepatocytes.” 


“Overall, both the U.S. EPA and DPR consider 2,4-D as non-mutagenic in spite 
of a few positive test results. In general, we support this evaluation. Positive 
results shown in older studies are questionable because these studies had 
significant experimental deficiencies and do not meet the current GLP standards. 
However, some positive indications should not be ignored in the qualitative 
evaluation of 2,4-D.”  (OEHHA, 2009, pg 12, emphasis added) 


 
European Union Summary – Plant Protection Directive (EU, 2001, page 10)  


 
The EU completed their assessment of 2,4-D under the Plant Protection directive in 2001.  The 
EU’s conclusion regarding the potential carcinogenicity of 2,4-D was put simply, as follows: 


“No evidence of carcinogenicity” (EU, 2001, pg 10, emphasis added) 


 


Health Canada Summary (2007) 


The Canadian authorities over agricultural chemicals made the following conclusion regarding 
the potential carcinogenicity of 2,4-D in 2007: 
 


“The inconsistent epidemiological associations, the recognition that there are 
many other factors that may have contributed to the weakly positive 
associations and the fact that the animal studies designed to show causality 
were consistently negative have lead the PMRA scientists to concur that on the 
basis of all available and relevant data, 2,4-D cannot be classified as to its 
human carcinogenicity.” (Health Canada, 2007, emphasis added) 
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World Health Organization Summary (WHO, 1996) 


The World Health Organization reviewed four chronic animal studies for carcinogenicity, 
the 1986 and 1995 mouse two year long term studies and the 1986 and 1995 two year 
rat chronic studies.  In all four reviews WHO’s summary was, “There was no evidence of 
carcinogenicity” (WHO, 1996). 


 


New Zealand Summary (NZ 2003) 


The New Zealand authorities over pesticide ingredients assessed 2,4-D in 2003.  They made the 
following conclusion regarding the potential carcinogenicity of 2,4-D from the available 
epidemiological data: 


“Note that an ERMA New Zealand expert group has concluded there is 
inadequate evidence of a causal relationship between exposure to 
chlorophenoxy herbicides and the development of Non Hodgkin’s Lymphoma 
(NHL) and other cancers in humans at this time, and the available data could 
not be interpreted as showing the presence or absence of a carcinogenic 
effect.”  (NZ, 2003, emphasis added) 
 
 


IARC Summaries (IARC, 1977 and 1986) 


IARC has not concluded that 2,4-D is a “possible” carcinogen (Group 2B) though it came to 
conclusions regarding what IARC termed “chlorophenoxy herbicides” based on some reports 
that were available to the Agency at that time.  This identification was clearly not associated 
with 2,4-D or its salts or esters and, since IARC has not evaluated 2,4-D or the new human and 
animal data on 2,4-D, this original assessment has NO modern day relevance. The facts 
pertaining to the IARC evaluation of “chlorophenoxy herbicides” are as follows. 
 


 IARC 1977 evaluated the summaries of some animal studies from the 1960 to 1974 that 
used 2,4-D of unknown purity and with undocumented protocols and concluded that “--
- no evaluation of the carcinogenicity of this compound could be made”.  This phrase 
was repeated exactly in the IARC 1987 monograph on “Chlorophenoxy Herbicides”     
(pg 130, emphasis added) 
 


 IARC 1977 states that the single cohort study on 2,4-D at that time is “not sufficient to 
evaluate the carcinogenicity of 2,4-D to man [Because 2,4-D may be used with 2,4,5-T, 
which is contaminated with 2,3,7,8-tetrachlorodibenzo-para-dioxin ---]”  (IARC, 1977) 
 


 IARC 1987, Supplement 7, summarized previous 1977 and 1986 IARC evaluations. The 
1977 review examined the combined carcinogenic potential of two chlorophenoxy 
herbicides, 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and 2,4-D. The registration for 
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2,4,5-T was withdrawn in the early 1980s because of possible contamination with 
polychlorinated dioxins, including 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). 
 


 IARC 1986 conducted a review of published epidemiology studies associated with 
occupational exposures. That published monograph classified chlorophenoxy herbicides 
in Group 2B.  In the complete 1986 monograph – which is not available on the internet 
– Table 163, entitled “Chlorophenoxy herbicides and their major impurity considered in 
this monograph that have previously been evaluated in the IARC Monographs”, 2,4-D 
was listed separately. The review stated that for 2,4-D, “No attempt has been made to 
update these data” subsequent to the IARC evaluation of 2,4-D studies in 1977 (IARC, 
1986, pg 380).  The review concluded there was “inadequate” data to classify 2,4-D for 
carcinogenicity in animals or for genetic activity in short-term tests. The table is 
reprinted below. 


 


 
 


 IARC 1987. Table 14 on page 60, 2,4-D was classified separately with no classification 
for human carcinogenicity and “I” (inadequate evidence) for animal carcinogenicity. 
Moreover, the footnote to Table 1 specifically states:  “This evaluation applies to the 
group of chemicals as a whole and not necessarily to all individual chemicals within the 
group.” 
 


IARC has recently summarized their 1980s assessments of “chlorophenoxy herbicides” by 
stating that “At the time of the evaluation, the epidemiological data on 2,4-D as a separate 
compound were inadequate to evaluate its carcinogenicity to humans, because no data on 
human exposure to the single compound were available. The animal carcinogenicity data for 
2,4-D were inadequate. The chlorophenoxy herbicides showed limited epidemiological 
evidence for increased occupational cancer risk in pesticide applicators, and were evaluated as 
possibly carcinogenic to humans, Group 2B. Because 2,4-D belongs to this group of substances, 
the compound has been given the same classification, in the absence of data that would make a 
full evaluation of 2,4-D possible.” (IARC, 2002) 
 
IARC has not reviewed the more recent epidemiological or animal toxicological / oncogenicity 
data. Since IARC’s limited and dated reviews of 1977 and 1987, there has been extensive 2,4-D 
toxicological data development for pesticide re-evaluation programs in many countries.  All of 
these reviews concluded that 2,4-D was not a human or animal carcinogen. 
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Non-Regulatory Agency Reviews 
 
In a comprehensive review of the toxicology and carcinogenicity of 2,4-D, Munro et al. (1992) 
concluded that  
 


“Taken together, the epidemiological studies provide, at best, only weak 
evidence of an association between 2,4-D and the risk of cancer”,  


 
and  
 


“…the available mechanistic studies provide no plausible basis for a hypothesis 
of carcinogenicity.”   


 
More recently, Garabrant and Philbert (2002), concluded:  
 


“Despite several thorough in vitro and in vivo animal studies, no experimental 
evidence exists supporting the theory that 2,4-D or any of its salts and esters 
damages DNA under physiologic conditions.  Studies in rodents demonstrate a 
lack of oncogenic or carcinogenic effects following a lifetime dietary 
administration of 2,4-D.     Epidemiologic studies provide scant evidence that 
exposure to 2,4-D is associated with soft tissue sarcoma, non-Hodgkin’s 
lymphoma, Hodgkin’s disease, or any other cancer.  Overall, the available 
evidence from epidemiologic studies is not adequate to conclude that any form 
of cancer is causally associated with 2,4-D exposure.” 


 


CONCLUSION.  The existing database on the potential carcinogenicity of 2,4-D and its salts and 
esters is comprehensive, both for animal studies and studies on humans.  No regulatory agency 
anywhere in the world that has evaluated these data recently has concluded that 2,4-D is a 
carcinogen.  An evaluation by the CIC under Proposition 65’s clearly shown standard would 
come to the same conclusion.  2,4-D should be a low priority for assessment by the CIC.  
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September 16, 2011 
 
Ms. Cynthia Oshita  
Office of Environmental Health Hazard Assessment 
P.O. Box 4010 MS-19B 
1001 I Street,  
Sacramento, CA  95812-4010 
 
 
Subject: Response to OEHHA Notice Regarding Prioritization: Chemicals 


for Consultation By the Carcinogen Identification Committee, 
Dated July 22, 2011 
 
Response for Difenoconazole 
 


 
 
Dear Ms. Oshita: 
 
On July 22, 2011, OEHHA released a notice announcing a 60-day public comment period for 39 
chemicals to be brought before the Carcinogen Identification Committee (CIC) for prioritization.  
Enclosed you will find a copy of Syngenta’s comments regarding the chemical, difenoconazole, and 
any supporting reference documents.   
 
The purpose of the enclosed response is to explain why Syngenta believes the California Office of 
Environmental Health Hazard Assessment (OEHHA) and the CIC should find that the evidence of 
cancer hazard and potential human exposure in California does not warrant further development of 
hazard identification materials.  Therefore Syngenta recommends that difenoconazole be assigned a 
“low priority” for further review.   
 
Please contact me at 800-334-9481 ext. 2449 or debbie.stubbs@syngenta.com if you have any 
questions regarding this request.    
 
 
Sincerely, 


 
 
Debbie Stubbs 
Senior Regulatory Manager 
 
Cc:  Artie Lawyer, Technology Sciences Group  


State Regulatory Affairs 
P.O. Box 18300 
Greensboro, NC  27419-8300 
 
Telephone:  (336) 632-2449 
Fax:  (336) 632-2884 
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1.0 INTRODUCTION 


The California Office of Environmental Health Hazard Assessment (OEHHA) requested 
public comment regarding the list of chemicals submitted in July 2011 to the Carcinogen 
Identification Committee (CIC) for review.  OEHHA requested CIC to prioritize the 
proposed list to determine which chemicals should proceed to the next stage of the evaluation 
process. 
 
The proposed list of chemicals was developed according to the established Process for 
Prioritizing Chemicals for Consideration under Proposition 65 by the State’s Qualified 
Experts.  According to this procedure, OEHHA applied human and animal data screens to 
chemicals in the tracking database, and performed subsequent toxicological evaluations on 
the selected chemicals that were flagged.  Difenoconazole was included with a group of 
chemicals under “Triazole Antifungal Agents”.  The CIC is being asked to advise OEHHA 
on whether triazole antifungal agents as a group, or any individual triazoles, should be 
brought to the committee for a full evaluation of the carcinogenicity evidence at a future 
meeting.  Based on the results of genotoxicity tests and long-term feeding studies in rats and 
mice, difenoconazole (CAS No. 119446-68-3) was included on the proposed list to the CIC 
for consideration within the Triazole Antifungal Agents class. 
 
The present document summarizes the design and results of studies relevant to the 
preliminary toxicological evaluation of difenoconazole, and provides the rationale and 
evidence that support difenoconazole being a low priority for evaluation from the CIC list. 
 
2.0 INAPPROPRIATENESS OF CUMULATIVE RISK 


DETERMINATION FOR TRIAZOLES 


OEHHA is asking the CIC to consider whether the group, Triazole Antifungal Agents, or any 
individual compounds within this group, should be prioritized for a full evaluation of 
carcinogenicity potential and classification under Proposition 65.  Syngenta asserts that it 
would be inappropriate to classify the entire group of chemicals listed in the preliminary 
OEHHA document as a group.  No evidence as to a common mode of action has been 
demonstrated for triazoles, and a range of different biological effects including differing 
tumor types have been reported for the “Triazole Antifungal Agents”.  In addition, some 
triazole fungicides do not cause any tumors in lifetime feeding studies in mice and rats. 
 
This position is also taken by the authoritative body, the U.S. Environmental Protection 
Agency (US EPA).  Specifically, US EPA has repeatedly concluded that there is not 
sufficient scientific evidence to indicate that triazole fungicides share a common mechanism 
of toxicity, and therefore, US EPA does not follow a cumulative risk approach based on a 
common mechanism of toxicity for the various triazoles.  See e.g., 76 Fed. Reg. 27261, 
27266, May 11, 2011; 75 Fed. Reg. 22256, 22259; April 28, 2010; 75 Fed. Reg. 29908, 
29911, May 28, 2010.  The US EPA in its determination of the Human Health Risk 
Assessment for difenoconazole has made a similar observation, and has determined that a 
cumulative risk assessment is not appropriate for difenoconazole and the triazole fungicides 
(US EPA, 2009). 
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In summary, the triazoles do not exhibit a common mechanism of toxicity.  Considering the 
triazoles as a single group of chemicals sharing a common mechanism of toxicity would be 
contrary to the available scientific evidence regarding these compounds.   
 
3.0 STUDY DATA FOR DIFENOCONAZOLE 


3.1 24-Month Chronic/Carcinogenicity Study in Rats 


Difenoconazole was administered in the diet of CD Sprague-Dawley rats at concentrations of 
0, 10, 20, 500 and 2500 ppm for two years (Cox, 1989a).  There were no treatment-related 
differences among the groups in survival to termination.  Body weights and body weight 
gains in the 500 and 2500 ppm males and females were lower than in the control animals in 
the first year of the study and continued through study termination in the 2500 ppm animals.  
There were no treatment-related increases in neoplastic findings in this study. 
 
The US EPA has concluded about this study: “Chronic effects in rats and mice are seen as 
cumulative decreases in body weight gains.  No evidence of carcinogenicity was seen in 
rats.” (US EPA, 2009). 
 
3.2 Oncogenicity Study in CD-1 Mice 


Study Design:  Difenoconazole technical was administered in the diet at concentrations of 0, 
10, 30, 300, 3000 (1st two weeks) or 2500 (remaining weeks) or 4500 ppm for 18 months 
(Cox, 1989b).  The treatment began with 60 CD-1(ICR) mice of each sex in each dose group, 
and an additional 10 animals/sex in the control, 3000 and 4500ppm groups for a recovery 
phase after 12 months of treatment.  However, all of the 4500 ppm females and 16 of the 
3000 ppm females died within the first 2 weeks.  The following changes were therefore 
made:  (a) the 4500 ppm female group was considered terminated; (b) the 3000 ppm dose 
was lowered to 2500 ppm for both males and females, (c) the 10 female control-recovery 
animals were moved to the 2500 ppm group, (d) no control females were sacrificed as 
recovery animals.  Ten animals/sex/group were sacrificed during week 52.  Ten additional 
animals from the 2500 ppm females and the control, 2500 and 4500 ppm males were placed 
on control diet from weeks 53-56 and sacrificed during week 57.  Remaining surviving 
animals were sacrificed during week 79 or 80. 
 
Findings:  There was very high mortality in the first study week among the 4500 ppm 
females.  The remaining 4500 ppm females were sacrificed moribund on day 10 and 10 
control females were switched to the 3000/2500 ppm diet on day 10.  Only four 4500 ppm 
males died or were sacrificed moribund during the same time period, while an additional 7 
died during week 3.  Primarily due to these deaths, survival to termination was significantly 
reduced among the 4500 ppm males.  Sixteen of the 3000/2500 ppm females died within the 
first 2 weeks. Clinical signs of thinness, hunched posture and rough haircoat were also seen 
in higher incidences in the 2500 ppm females and 4500 ppm males which survived the first 3 
study weeks than in the other treated and control groups; reduced motor activity was noted 
for the 4500 ppm males. 
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Body weights of the 2500 ppm males, 2500 ppm females and 4500 ppm males were lower 
than the control animals throughout the study.  Nearly all of the 2500 males and all of the 
2500 ppm females and 4500 ppm males lost weight during the first study week.  Body weight 
gains then began to approach the control values, but absolute weights were still lower at 
study termination.  Body weight gains of the 300 ppm animals were also somewhat reduced 
relative to the controls. 
 
Treatment-related changes in clinical chemistry parameters were seen in 300, 2500, and 4500 
ppm males and 2500 ppm females.  Treatment-related changes involved higher alanine 
aminotransferase activity and/or sorbitol dehydrogenase activity at various time intervals.  
Analysis of organ weights revealed increased absolute and relative liver weights in 2500 ppm 
males, 4500 ppm males, 300 ppm females, and 2500 ppm females at both the interim and 
terminal sacrifices.  However, mean liver weights from recovery group animals were 
markedly lower than the weights for the 53-week sacrifice animals, indicating reversibility. 
 
Histopathology revealed treatment-related changes only in the liver.  Effects were seen in the 
300, 2500 and 4500 ppm males and the 2500 ppm females.  Non-neoplastic changes in the 
liver included various combinations of necrosis (primarily single cell but also 
focal/multifocal), hypertrophy, fatty change and bile stasis.  For neoplastic changes, the 
overall incidence of hepatocellular adenomas and/or carcinomas was increased in 2500 ppm 
males, 2500 ppm females and 4500 ppm males;  the trends were statistically significant. 
 
An increase in hepatocellular adenomas and carcinomas was only observed at dose levels of 
2500 ppm and greater, and the maximum tolerated dose was exceeded at 2500 ppm and 4500 
ppm based on increased mortality, decreased body weights, adverse clinical signs and 
excessive liver findings including necrosis.  The No Observable Effect Level (NOEL) was 
considered to be 30 ppm (4.7 mg/kg/day for males and 5.6 mg/kg/day for females).  
 
4.0 US EPA REGULATORY STATUS OF DIFENOCONAZOLE 


CARCINOGENICITY STUDIES 


Based on a meeting held on May 18, 1994, the EPA Carcinogenicity Peer Review Committee 
issued its review of difenoconazole (US EPA, 1994) and concluded that difenoconazole 
should be classified as Group C – possible human carcinogen – and recommended that for 
the purpose of risk assessment a margin of exposure (MOE) approach should be used.  In 
their decision, the CPRC stated: 
 


“The decision to classify Difenoconazole as a Group C carcinogen was based on 
statistically significant increase in liver adenomas, carcinomas and combined 
adenomas/carcinomas in both sexes of CD-1 mice, only at doses which were 
considered to be excessively high for carcinogenicity testing.   
 
The MOE approach was selected because there was only very weak (limited) 
evidence of carcinogenic potential at dose levels not considered to be excessive, with 
significant changes observed only at excessive doses.  In addition, there was no 
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evidence of genotoxicity.  Therefore, a threshold model will be used for estimating 
risk.” 


 
The data for difenoconazole that the CPRC cited and that justify this classification are: 


• There is no evidence for genotoxicity 
• Difenoconazole was not carcinogenic in rats in a 2-year chronic/oncogenicity study at 


dose levels up to 2500 ppm, a dose level which was considered adequate for assessing 
carcinogenicity [Cox, 1989a; MRID 42090019 and 42710010]. 


• In only one species (mice) and one tissue (liver), there was only very weak (limited) 
evidence of carcinogenic potential at dose levels not considered to be excessive, with 
significant changes observed only at excessive doses [MRID 42090015 and 
42710006]. 


 
EPA reaffirmed this decision and restated the cancer classification of difenoconazole 
according to the 2005 Guidelines for Carcinogen Risk Assessment in a decision in 2007.  In 
this decision, EPA classified difenoconazole as “Suggestive Evidence of Carcinogenic 
Potential”, and stated that a separate quantification of cancer risk was not required (US EPA, 
2007). 
 
5.0 CONCLUSIONS 


Considering that an increased incidence of liver tumors was only observed in mice at dose 
levels that were excessive, the strength of evidence that difenoconazole would pose a 
significant risk to humans is very weak.  Accordingly, the CIC is encouraged to consider 
these factors in its prioritization decision, and difenoconazole would be a low priority for 
consideration under Proposition 65. 
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September 20, 2011 
 
Via Email 
 


Ms. Cynthia Oshita 
Office of Environmental Health Hazard Assessment 
Post Office Box 4010, MS-19B 
Sacramento, CA  95812-4010 
 
Re:  Comments on Prioritization of Chemicals for Consultation by the Carcinogen Identification 


Committee – Bisphenol A 
 
Dear Ms. Oshita: 
 


 Please find attached written comments from the Polycarbonate/BPA Global Group of the 
American Chemistry Council1 in response to the OEHHA notice of July 22, 2011 (Prioritization: 
Chemicals for Consultation by the Carcinogen Identification Committee).  The 
Polycarbonate/BPA Global Group consists of the leading global manufacturers of bisphenol A 
(BPA) and polycarbonate plastic, which for many years have supported and conducted scientific 
research to understand whether BPA has the potential to cause health or environmental effects 
and to support scientifically sound public policy.  Our comments are limited to the prioritization 
of BPA. 


Based on the extensive scientific data available, we recommend that BPA be designated as a 
low priority for preparation of hazard identification materials by OEHHA and further 


                                                 
1 The American Chemistry Council represents the leading companies engaged in the business of chemistry.  Council 
members apply the science of chemistry to make innovative products and services that make people’s lives better, 
healthier and safer.  The Council is committed to improved environmental, health and safety performance through 
Responsible Care®, common sense advocacy designed to address major public policy issues, and health and 
environmental research and product testing.  The business of chemistry is a $435 billion enterprise and a key 
element of the nation’s economy.  It is the nation’s largest exporter, accounting for ten cents out of every dollar in 
U.S. exports.  Chemistry companies invest more in research and development than any other business sector. 
 







 
 


consideration by the CIC.  As detailed in the attachment, this recommendation is based on the 
following key points: 


 Recent Comprehensive Reviews Find No Concern for Carcinogenicity 


 NTP 2-Year Bioassays Find No Compelling Evidence for Carcinogenicity 


 Extensive Weight of Evidence Indicates that Bisphenol A is Not Genotoxic 


 Co-Carcinogenicity and Xenograft Studies Are of Limited Relevance to Human Health 


 Low Exposure and Efficient Metabolism Indicate Low Potential for Carcinogenicity 


Please do not hesitate to contact me if I can be of further assistance to clarify any of the 
information provided or if additional information is needed.  I can be reached at (202) 249-6624 
or by e-mail at steve_hentges@americanchemistry.com. 


 
Regards, 
 
 
 
Steven G. Hentges, Ph.D. 
Executive Director 
Polycarbonate/BPA Global Group 
 
Attachment 
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1. Overview 


Bisphenol A (BPA), a chemical building block used primarily to make polycarbonate plastic and 
epoxy resins, should be designated as a low priority for preparation of hazard identification 
materials by OEHHA and further consideration by the Carcinogen Identification Committee.  
This is based on the weight of evidence from an extensive scientific database, as well as 
numerous comprehensive reviews of the scientific evidence that have concluded BPA is not a 
significant carcinogenic hazard or risk.  Specifically, scientific studies show that: 


 After ingestion, which is by far the predominant route of human exposure, BPA is 
efficiently converted to biologically inactive metabolites (i.e., conjugates) that are rapidly 
eliminated from the body.  Therefore, BPA is unlikely to cause human health effects; 


 Recent studies conclude that unconjugated BPA is not found in human blood even after 
high dietary exposures;  


 Standard NTP 2-year bioassays do not support a finding of carcinogenicity; 


 The weight of evidence indicates that BPA is not genotoxic; and 


 Co-carcinogenicity and xenograft studies are of limited relevance to human health based 
on inappropriate routes of administration, non-physiologic animal models and conflicting 
results from the oral exposure studies. 


 
2. What Is Bisphenol A and How It Is Used? 


Bisphenol A is a chemical building block used primarily (i.e., approximately 94% of BPA 
produced) to make polycarbonate plastic and epoxy resins.  Products made from these materials 
have a long safety track record, more than 50 years, and an equally long history of testing.  The 
unique attributes of these materials make them ideal for use in a wide array of products, many of 
which improve the health and safety of consumers. 


Polycarbonate is a lightweight, highly shatter-resistant plastic with optical clarity comparable 
to glass.  Common products made from polycarbonate include eyeglass lenses, sports safety 
equipment (e.g., helmets, visors, goggles), critical components of medical devices (e.g., kidney 
dialyzers, blood oxygenators), electronic equipment housings, protective shields, and automobile 
components (e.g., headlamp lenses, mirror housings, bumpers). 


Epoxy resins have an exceptional combination of toughness, chemical resistance and 
adhesion.  Common products made from epoxy resins include corrosion resistant coatings for 
metals (e.g., steel pipes/fittings, structural steel, concrete reinforcement bar), printed circuit 
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board laminates, automobile primer coatings, fiber reinforced composites, and the protective 
coating on most food and beverage cans. 


The manufacturing processes to make polycarbonate plastic and epoxy resins convert 
virtually all BPA into the plastic or resin, leaving behind only trace levels of residual BPA, 
typically less than 100 parts per million (<0.01% by weight), in the finished materials.  
Consumers frequently benefit from products made from these materials, but come into contact 
with very little BPA from use of these products. 


 
3. Recent Comprehensive Reviews Find No Concern for Carcinogenicity 


In recent years, numerous government and scientific bodies worldwide have examined the 
scientific evidence supporting the safety of BPA.  In every case, the assessments of these bodies 
support the conclusion that BPA is not a risk to human health at the extremely low levels to 
which people might be exposed. 


Many of these assessments comprehensively examined the potential carcinogenicity of BPA, 
including assessment of the full range of studies identified in the OEHHA preliminary 
toxicological evaluation.1  Consistent with the Proposition 65 guidance criteria for carcinogens, 
each of these assessments applied a “weight-of-evidence” approach to evaluate the body of 
information available for BPA. 


As detailed below, these assessments consistently demonstrate that BPA is not a carcinogenic 
hazard or risk.  No other government or scientific body has reached a different conclusion.  In 
addition, no authoritative body recognized under Proposition 65 to identify chemicals as causing 
cancer has listed or taken action on BPA.  Several key evaluations of BPA are briefly 
summarized below along with their overall conclusions regarding the potential carcinogenicity 
and mutagenicity/genotoxicity of BPA. 


a. European Union Risk Assessment 


Under the European Union (EU) Existing Substances Directive, the EU conducted a 
comprehensive risk assessment of BPA that was initially published in 2003 and updated in 
2008.2  These assessments comprehensively evaluated studies on the toxicity, metabolism and 
pharmacokinetics, and exposure of BPA.  The overall conclusions for carcinogenicity and 
mutagenicity from the 2003 report and 2008 updates are presented below. 


                                                 
1 Consistent with the OEHHA preliminary evaluation, we also are not aware of any cancer epidemiology studies on 
BPA. 
2 European Union Risk Assessment Report – 4,4’-isopropylidenediphenol (Bisphenol-A). Available at 
http://esis.jrc.ec.europa.eu/doc/existing-chemicals/risk_assessment/SUMMARY/bisphenolasum325.pdf  (2003 
summary) and http://esis.jrc.ec.europa.eu/doc/existing-
chemicals/risk_assessment/REPORT/bisphenolareport325.pdf  (combined 2003 full report and 2008 update). 







 
 


 4


Carcinogenicity Conclusions 
“Taking into account all of the animal data available the evidence suggests that BPA does not 
have carcinogenic potential.” (2003) 


“Overall, therefore, the new information on the potential carcinogenic and/or promoting 
effects of BPA in prenatal and neonatal rat models supports the original conclusion from the 
published report that BPA does not possess any significant carcinogenic potential.” (2008) 


Mutagenicity Conclusions 
“Considering all of the available genotoxicity data, and the absence of significant tumour 
findings in animal carcinogenicity studies, it does not appear that BPA has significant 
mutagenic potential in vivo.” (2003) 


“Therefore, the original conclusion from the published assessment that BPA has no 
significant mutagenic potential in vivo, is still valid.” (2008) 


b. U.S. Food and Drug Administration 


The U.S. Food and Drug Administration (FDA) is currently undertaking a comprehensive 
assessment of the safety of BPA in FDA-regulated products such as food containers and medical 
devices.  Although the assessment is not yet complete, FDA issued a comprehensive draft report 
in 2008.3  Similar to the EU Risk Assessment, FDA’s draft report comprehensively evaluated 
studies on the toxicity, metabolism and pharmacokinetics, and exposure of BPA.  The overall 
FDA conclusion for carcinogenicity is presented below. 


“As part of this safety assessment, CFSAN’s Cancer Assessment Committee (CAC) 
evaluated BPA based on the available bioassay data and recent peer-reviewed publications on 
BPA, specifically those that reported evidence of pre-neoplastic and neoplastic changes in 
animal models that were administered BPA orally at various dose levels.  The CAC 
concluded that the findings reported in the 1982 NTP study on BPA do not provide any 
evidence that BPA is carcinogenic to F344 rats or B6C3F1 mice of either sex as tested under 
the conditions of this bioassay.” 


“Because of these limitations [referring to limitations of the recent peer-reviewed 
publications referenced above], the CAC concluded that the totality of the information 
contained in these reports is of questionable usefulness for a determination of potential 
enhancement of neoplastic effects of BPA on the rodent prostate and mammary gland.”   


 


                                                 
3 Draft Assessment of Bisphenol A for use in Food Contact Applications. Draft 2008 report available at 
http://www.fda.gov/ohrms/dockets/AC/08/briefing/2008-
0038b1_01_02_FDA%20BPA%20Draft%20Assessment.pdf.  
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c. Japanese National Institute for Advanced Industrial Science and Technology 


In 2005, the Japanese National Institute for Advanced Industrial Science and Technology 
(AIST) issued a comprehensive risk assessment of BPA, with an English translation made 
available in 2007.4  A thorough update of the assessment, which considered research published 
since the original 2005 report, was very recently released in July 2011.5  The AIST assessments 
evaluated studies on toxicity, metabolism and pharmacokinetics, and exposure of BPA.  The 
overall AIST conclusions for carcinogenicity and genotoxicity from the 2005 report and 2011 
update are presented below. 


Carcinogenicity and Genotoxicity Conclusions 
“Carcinogenicity studies in F344 rats and B6C3F1 mice both produced negative results (NTP 
1982).  Results of cell transformation assays using cultured cells (in vitro carcinogenicity 
tests) were negative too (see, for example, Jones et al. 1988, European Commission 2003).” 
(2005) 


“Following a weight-of-evidence approach recommended by IARC and US EPA, Haighton 
et al. (2002) concluded that BPA is not likely to be a human carcinogen. We consider that 
this conclusion is appropriate.” (2005) 


“Overall, taking the above results into account, it does not appear that BPA has positive 
genotoxic potential” and “BPA is unlikely to have genotoxic or carcinogenic potential.” 
(2005) 


“Following a weight-of-evidence approach, it has been concluded that BPA is not likely to be 
carcinogenic to humans (Haighton, 2002).  This was due to the fact that; a) BPA did not 
cause gene mutations or chromosomal aberrations in bacteria/fungi/mammalian cells in 
standard in-vitro genetic tests, b) BPA was negative in in-vivo chromosomal aberrations 
tests, and c) BPA was negative in all of the bone-marrow micronucleus tests in mice, 
dominant lethal tests in rats, and carcinogenicity study in rats and mice.  None of the new 
information supported overturning this conclusion.” (2011) 


d. Joint FAO/WHO Expert Meeting 


In November 2010, the World Health Organization (WHO) and the UN Food and Agriculture 
Organization (FAO) jointly organized an Expert Meeting to assess the safety of BPA.  The full 


                                                 
4 Bisphenol A Risk Assessment Document. English version available at 
http://unit.aist.go.jp/riss/crm/mainmenu/e_1-10.html.  
5 Updated Hazard Assessment of Bisphenol A. English version available at http://www.aist-
riss.jp/main/modules/product/index.php?content_id=73&ml_lang=en.  
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report from the meeting was released at the beginning of September 2011.6  The overall 
conclusions for carcinogenicity and genotoxicity are presented below. 


Carcinogenicity Conclusion 
“In the traditional rodent cancer bioassay (NTP, 1982), BPA at doses of approximately 75–
150 mg/kg bw per day gave, at best, weak evidence of carcinogenic activity, but it is 
questionable whether the chemical was adequately studied.  The United States National 
Toxicology Program (NTP) bioassay did not include exposures during the perinatal period, 
which would appear to be a critical window of exposure. Studies that included perinatal 
(gestational and/or lactational) exposures to BPA (oral doses to the dam from ~10 to 250 
μg/kg bw per day) have reported, among other lesions, proliferation of mammary ductal 
epithelium and squamous metaplasia of prostatic epithelium in offspring, conditions thought 
by many to predispose to neoplasia (Timms et al., 2005; Moral et al., 2008).  Additional 
treatments with initiating or promoting agents have led to earlier onset of mammary tumours 
(Jenkins et al., 2009) or prostatic intraepithelial neoplasia (Prins et al., 2011). 


However, the studies that included exposures to BPA during the appropriate periods all 
suffered from one or more deficiencies in design or execution that prevent a definitive 
evaluation of its  potential as a carcinogen.  These include 1) lack of consideration of litter 
effects, 2) small numbers of animals, 3) insufficient study duration to determine whether 
developmental conditions thought to enhance cancer susceptibility actually did so and 4) 
additional treatment with a strong initiating or additional promoting agent(s).  In the absence 
of additional studies addressing these deficiencies, there is currently insufficient evidence on 
which to judge the carcinogenic potential of BPA.” 


Genotoxicity Conclusion 
“In conclusion, BPA is not a mutagen in in vitro test systems, nor does it induce cell 
transformation.  BPA has been shown to affect chromosomal structure in dividing cells in in 
vitro studies, but evidence for this effect in in vivo studies is inconsistent and inconclusive. 
BPA is not likely to pose a genotoxic hazard to humans.” 


e. Haighton et al., Regulatory Toxicology and Pharmacology (2002) 


A seminal evaluation of the potential carcinogenicity of BPA was published in 2002 by 
Haighton et al.7  The evaluation included carcinogenicity and genotoxicity studies, along with 
various other toxicity, metabolism and exposure studies, and followed weight-of-evidence 
guidelines for assessment of carcinogenicity from the International Agency for Research on 


                                                 
6 Toxicological and Health Aspects of Bisphenol A. Report of Joint FAO/WHO Expert Meeting. See 
http://www.who.int/foodsafety/chem/chemicals/bisphenol/en/index.html for full documentation on the meeting. 
7 Haighton, L.A., Hlywka, J.J., Doull, J., Kroes, R., Lynch, B.S., and Munro, I.C. 2002. An evaluation of the 
possible carcinogenicity of bisphenol A to humans. Regulatory Toxicology and Pharmacology. 35:238-254. 
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Cancer (IARC) and the U.S. Environmental Protection Agency.  The overall conclusion of this 
evaluation was: 


“Following a weight-of-evidence approach as recommended by IARC and U.S. EPA, it was 
concluded that BPA is not likely to be carcinogenic to humans.  The bases for this conclusion  
included: (a) the results of an NTP study which provided no substantive evidence to indicate 
that BPA is carcinogenic to rodents; (b) the lack of activity of BPA, at noncytotoxic 
concentrations, in standard in vitro genetic toxicity tests; (c) the lack of genotoxic activity of 
BPA in a GLP-compliant in vivo mouse micronucleus assay; and (d) the results of 
metabolism studies showing BPA is rapidly glucuronidated without evidence of formation of 
potentially reactive  intermediates, except possibly at high doses that could saturate 
detoxication pathways.” 


 
4. NTP 2-Year Bioassays Find No Compelling Evidence for Carcinogenicity 


The National Toxicology Program (NTP) evaluated the carcinogenic potential of BPA in 2-
year feeding studies in F344 rats and B6C3F1 mice.8  Each study included two BPA dose groups 
along with a control group. 


In rats, a higher incidence of leukemias was observed only in high-dose male rats.  However, 
all incidence values were well within the historical control data range for the F344 rat strain, and 
statistical analyses revealed that the higher incidence was an incidental non-treatment related 
finding.  Similarly, the higher incidence of interstitial-cell tumors was not considered treatment 
related since these tumors occur spontaneously at a very high, but variable, incidence rate in 
aging F344 male rats, and the observed incident rates were all within the historical control levels 
for the testing facility.  Fibroadenomas of the mammary gland in male rats were observed in 
greater, but not statistically significant, proportions in the high-dose group.  However, the 
incidence was within the historical range for this tumor type in male rats. 


In the mouse study, male mice in the low-dose group exhibited a significantly higher 
combined incidence of lymphomas and leukemias, but with no dose-response relationship and no 
such effect in females.  The types of hemopoietic tumors observed were typical of those that 
occur spontaneously in aging B6C3F1 mice and the incidence values were within the range of 
historical control data for malignant lymphoma in this strain and species.  The incidence of 
multinucleated giant hepatocytes was significantly higher in male, but not female, mice but there 
were no increased incidences of liver tumors in either sex.  The occurrence of multinucleated 
giant hepatocytes is a common non-neoplastic phenomenon in aging mice. 


                                                 
8 NTP Technical Report on the Carcinogenesis Bioassay of Bisphenol A in F344 Rats and B6C3F1 Mice (Feed 
Study). 1982. National Toxicology Program, U.S. Department of Health and Human Services, Public Health 
Service, National Institute of Health. 
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NTP concluded that the studies showed equivocal evidence of carcinogenicity in male rats, 
and no evidence of carcinogenicity in female rats and mice of either sex.  Overall, the results of 
the bioassays did not provide any compelling evidence to indicate that BPA was carcinogenic in 
F344 rats or B6C3F1 mice. 


 
5. Extensive Weight of Evidence Indicates that Bisphenol A is Not Genotoxic 


Genetic toxicity studies are of critical importance to the appropriate interpretation of animal 
carcinogenicity studies.  Data from numerous in vitro and in vivo genotoxicity assays on BPA are 
available and should be examined in context with data from the NTP carcinogenicity bioassays 
discussed above.  Both of the NTP bioassays provided no substantive evidence that BPA is 
carcinogenic, which is consistent with the largely negative genotoxicity data for BPA. 


Evaluations of BPA in bacterial reverse mutation tests (Ames tests) have consistently 
produced negative (i.e., non-genotoxic) results.9,10,11,12,13  Standard in vitro mammalian 
genotoxicity studies (including those conducted by OECD guidelines) of BPA have generally 
indicated a lack of mutagenic and clastogenic activity.13,14,15,16 


Two studies reporting meiotic aneuploidy are cited in the “other relevant data” section of 
OEHHA’s document on BPA.17,18  Although an increase in aneuploidy metaphase II oocytes in 
mice was reported, there was not a significant increase in aneuploid embryos, indicating a lack of 
consistency between what should be concordant endpoints.  In a subsequent study, the same 


                                                 
9 Dean, B. J. and Brooks, T. M. 1978. Toxicity tests with diphenylol propane (DPP): In vitro mutation studies.   
Shell Research Report TLGR.0111.78. 
10 Haworth, S., Lawlor, T., Mortelmans, K., Speck, W., and Zeiger, E. 1983. Salmonella mutagenicity test results for 
250 chemicals. Environmental Mutagenesis. Supplement 1:3-142. 
11 Takahata, J., Tamakawa, K., Takahaski, Y., Seki, T., Tsunoda, A., Nohmi, T., and Sofuni, T. 1990. Mutagenicity 
of environmental chemicals II, bisphenol A. Sendai-shi Eisei Kenkyushoho (Japan) 20:245-247. 
12 JETOC, 1996. Mutagenicity test data of existing chemical substances. Japan Chemical Industry Ecology-
Toxicology & Information Center, Japan. 
13 Schweikl, H., Schmalz, G., and Rackenbrandt, K. 1998. The mutagenic activity of unpolymerized resin monomers 
in Salmonella typhimurium and V79 cells. Mutation Research. 415:119-130. 
14 Ivett, J. L., Brown, B. M., Rodgers, C., Anderson, B. E., Resnick, M. A., and Zeiger, E. 1989. Chromosomal 
aberrations and sister chromatid exchange tests in Chinese hamster ovary cells in vitro. IV. Results with 15 
chemicals. Environmental and Molecular Mutagenesis. 14(3):165-187. 
15 Myhr, B.C. and Caspary, W. J. 1991. Chemical mutagenesis and the thymidine kinase locus in L5178Y mouse 
lymphoma cells: Results for 31 coded compounds in the national toxicology program. Environmental and Molecular 
Mutagenesis. 18:51-83 
16 Hilliard, C. A., Armstrong, M. J., Bradt, C. I., Hill, R. B., Greenwood, S. K., and Galloway, S. M. 1998. 
Chromosome aberrations in vitro related to cytotoxicity of nonmutagenic chemicals and metabolic poisons. 
Environmental and Molecular Mutagenesis. 31(4):316-326. 
17 Hunt, P. A., Koehler, K. E., Susiarjo, M., Hodges, C. A., Ilagan, A., Voigt, R. C., Thomas, S., Thomas, B. F., and 
Hassold, T. J. 2003. Bisphenol A exposure causes meiotic aneuploidy in the female mouse. Current Biology. 
13:546-553. 
18 Susiarjo, M., Hassold, T. J., Freeman, E., and Hunt, P. A. 2007. Bisphenol A exposure in utero disrupts early 
oogenesis in the mouse. PLoS Genetics. 3(1):1-8. 
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researchers reported they could not replicate their initial findings, stating “After publishing our 
findings [Hunt et al., 2003], we initiated studies to assess the effect of long term BPA exposure 
on the growing follicle.  To our surprise, levels of BPA that were sufficient to elicit an effect on 
meiotic chromosome dynamics during the previous two years of study suddenly produced little or 
no effect. In an analysis of possible changes in experimental protocol, the only change identified 
was the lot of animal feed.”19  Two other subsequent in vivo studies from independent 
researchers attempting to replicate the original findings found no increase in aneuploid oocytes20 
or in aneuploid or diploid sperm21 nor did either study find an increase in aneuploid embryos.  In 
addition, in somatic cells, BPA was found to have a lack of genotoxic activity in a GLP 
compliant in vivo mouse micronucleus study, an assay which can detect both clastogenicity and 
aneuploidy.22 


In the DNA adduct formation assay employing 32P post-labeling, two main adduct spots were 
observed in Syrian hamster embryos cells, but were not further characterized.23  In another DNA 
adduct formation 32P-postlabeling assay with purified rat DNA, positive responses were 
attributed to bisphenol-o-quinone, an oxidation product of BPA.24  In subsequent testing, the 
formation of DNA adducts was inhibited by three known cytochrome P450 inhibitors indicating 
that activation of BPA to DNA-binding metabolite(s) is P450 dependent.  A follow-up in vivo rat 
study (200 mg/kg body wt by gavage or by ip administration) reported the presence of DNA 
adducts characteristic of bisphenol-o-quinone.25  The results of this study indicate that, at the 
high doses administered, BPA may be converted to a metabolite(s), possibly bisphenol-o-
quinone, capable of DNA adduct formation.  The lack of increased liver tumors in the NTP 
bioassays suggests that DNA adduct formation was either absent or not sufficient to elicit a 
response, even in mice, a species which is prone to liver tumors.  The German MAK 
Commission (1996), in evaluating Atkinson and Roy’s data, calculated a covalent-binding index 
(CBI) of 0.01 for BPA.  CBI is calculated as the micromole chemical bound per mole nucleotides 
divided by the millimole chemical administered per kg animal.  These molar units allow a very 
rapid visualization of how many molecules are bound per million nucleotides after a theoretical 


                                                 
19 Muhlhauser, A., Susiarjo, M., Rubio, C., Griswold, J., Gorence, G., Hassold, T., and Hunt, P. 2009. Bisphenol A 
effects on the growing mouse oocyte are influenced by diet. Biology of Reproduction. 80(5):1066-1071. 
20 Eichenlaub-Ritter, U., Vogt, E., Cukurcam, S., Sun, F., Pacchierotti, F., and Parry, J. 2008. Exposure of mouse 
oocytes to bisphenol A causes meiotic arrest but not aneuploidy. Mutation Research/Genetic Toxicology and 
Environmental Mutagenesis. 651(1-2):82-92. 
21 Pacchierotti, F., Ranaldi, R., Eichenlaub-Ritter, U., Attia, S., and Adler, I.-D. 2008. Evaluation of aneugenic 
effects of bisphenol A in somatic and germ cells of the mouse. Mutation Research/Genetic Toxicology and 
Environmental Mutagenesis. 651(1-2):64-70. 
22 Gudi, R. and Krsmanovic,  L. 1999. Mammalian erythrocytes micronucleus test. BioReliance AA12WJ.123.BTL. 
23 Tsutsui, T., Tamura, Y., Yagi, E., Hasegawa, K., Takahashi, M., Maizumi, N., Yamaguchi, F., and Barrett, J. C. 
1998. Bisphenol-A induces cellular transformation, aneuploidy, and DNA adduct formation in cultured Syrian 
hamster embryo cells. International Journal of Cancer. 75:290-294. 
24 Atkinson, A. and Roy, D. 1995. In vitro conversion of environmental estrogenic chemical bisphenol A to DNA 
binding metabolite(s). Biochemical and Biophysical Research Communications. 210(2):424-433. 
25 Atkinson, A. and Roy, D. 1995. In vivo DNA adduct formation by bisphenol A. Environmental and Molecular 
Mutagenesis. 26:60-66. 
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dose of 1 mmole/kg.  According to Lutz (1979, 1984, 1986), a CBI of <0.1 indicates that a 
substance has no tumorigenic activity and only very weak DNA binding capacity.  As a result, 
the degree of DNA binding associated with this metabolite is minimal.  In the absence of 
evidence of genotoxic activity and carcinogenic potential, the MAK commission indicated that 
the toxicological significance of the DNA adduct formation is unclear.  In any case, bisphenol-o-
quinone does not appear to be a significant metabolite of BPA under in vivo conditions, at dose 
levels of 100 mg/kg-day, which is well in excess of potential human exposures (see Section 7 
below). 


Overall, the weight of evidence from the genotoxicity studies indicates that BPA is not 
genotoxic and this is especially true for in vivo studies that are more relevant for carcinogenic 
potential.  


 
6. Co-Carcinogenicity and Xenograft Studies Are of Limited Relevance to Human Health 


As summarized in OEHHA’s compilation of studies identified during the preliminary 
toxicological evaluation, a small number of co-carcinogenicity and xenograft studies have been 
conducted on BPA.  These studies and their limitations have been reviewed in various 
assessments of BPA; for example, the recent FAO/WHO Expert Meeting report and the Japanese 
AIST assessment, both described in Section 2 above.  As noted in the FAO/WHO Expert 
Meeting report, all of these studies suffer from one or more deficiencies in design and execution, 
which makes them of limited value in assessing the potential carcinogenicity of BPA.  In 
addition to the discussion in the various assessments, several key limitations are briefly 
summarized below. 


Route of exposure 
The route of exposure is a major determinant of the pharmacokinetic profile of BPA in 


mammals, and consequently, is expected to influence any observed toxicologic outcome.  
Studies have clearly established the dramatic differences in bioavailability of unconjugated BPA 
resulting from oral ingestion, by which BPA is efficiently metabolized and rapidly eliminated, 
versus subcutaneous dosing, which bypasses the metabolism of BPA in the gut wall and liver.  It 
is also well documented that oral ingestion is by far the predominant route of exposure for 
humans (e.g., see recent FAO/WHO report on BPA).  Thus, studies in this section where BPA 
was administered by routes other than oral exposures, such as subcutaneous injection26, 


                                                 
26 Ho, S.-M., Tang, W.-Y., Belmonte de Frausto, J., and Prins, G. S. 2006. Developmental exposure to estradiol and 
bisphenol A increases susceptibility to prostate carcinogenesis and epigenetically regulates phosphodiesterase type 4 
variant 4. Cancer Research. 66(11):5624-5632. 







 
 


 11


subcutaneously implanted pellets27,28 and subcutaneously implanted infusion pumps,29 are of 
limited relevance to assessment of the potential carcinogenicity of BPA in humans. 


Dose selection 
Several investigators using the oral route of dosing have explicitly stated their rationale for 


dose selection as being environmentally relevant oral doses based on selected reports of ng/mL 
serum concentrations of unconjugated BPA.  However, those studies as a basis for dose selection 
are no longer considered valid based on the more recent findings in human subjects of no 
detectable levels of unconjugated BPA in a population of subjects whose diet was enriched in 
BPA.30  In this study, volunteers ingested a diet rich in BPA and their blood and urine was 
collected hourly over a 24 hour period.  The average consumption of BPA was 21% greater than 
the 95th percentile of aggregate exposure for the US population, yet serum BPA was below the 
limit of detection in all 320 blood specimens collected and analyzed by the US FDA and the US 
CDC.  


Relevance of animal models to address public health concerns 
In studies where BPA was administered via the oral route and the carcinogenic potential of 


BPA alone was assessed (no co-carcinogen exposure), no carcinogenic potential was 
found.27,29,31,32   Where a known carcinogen was administered in addition to BPA, the dose of the 
carcinogen was selected on the basis of an expectation that tumors would result independent of 
BPA exposure.  The relevance of such a model to public health risk is questionable.  In fact, the 
study by Ichihara et al. (2003)32 using the oral route of exposure for BPA and the administration 
of a carcinogen DMBA by subcutaneous injection did not result in any influence on the 
carcinogenic outcomes attributed to DMBA. 


The studies employing xenografts27,28 are also of limited relevance to an assessment of the 
carcinogenic potential of BPA.  These studies used an immune-compromised strain of mice and, 
in addition, altered the normal physiology by castration or ovariectomization.  These variations 


                                                 
27 Weber Lozada, K. and Keri, R. A. 2011. Bisphenol A increases mammary cancer risk in two distinct mouse 
models of breast cancer. Biology of Reproduction. In Press. 
28 Wetherill, Y. B., Hess-Wilson, J. K., Comstock, C. E. S., Shah, S. A., Buncher, C. R., Sallans, L., Limbach, P. A., 
Schwemberger, S., Babcock, G., F., and Knudsen, K. E. 2006. Bisphenol A facilitates bypass of androgen ablation 
therapy in prostate cancer. Molecular Cancer Therapeutics. 5(12):3181-3190. 
29 Durando, M., Kass, L., Piva, J., Sonnenschein, C., Soto, A. M., Luque, E. H., and Munoz-de-Toro, M. 2006. 
Prenatal bisphenol exposure induces preneoplastic lesions in the mammary gland of Wistar rats. Environmental 
Health Perspectives. 115(1):80-86. 
30 Teeguarden, J. G., Calafat, A. M., Ye, X., Doerge, D. R., Churchwell, M. I., Gunawan, R., and Graham, M. 2011. 
Twenty-four hour human urine and serum profiles of bisphenol A during high-dietary exposure. Toxicological 
Sciences. 123(1):48-57. 
31 Yoshida, M., Shimomoto, T., Katashima, S., Watanabe, G., Taya, K., and Maekawa, A. 2004. Maternal exposure 
to low doses of bisphenol A has no effects on development of female reproductive tract and uterine carcinogenesis 
in Donryu rats. Journal of Reproduction and Development. 50(3):349-260. 
32 Ichihara, T., Yoshino, H., Imai, N., Tsutsumi, T., Kawabe, M., Tamaoa, S., and Inaguma, S., S. Suzuki, and 
Shirai, T. 2003. Lack of carcinogenic risk in the prostate with transplacental and lactational exposure to bisphenol A 
in rats. Journal of Toxicological Sciences. 28(3):165-171. 
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from a normal hormonal status and operant immunologic surveillance system render the reported 
results inappropriate for consideration in an assessment of the carcinogenic potential of BPA. 


In addition, inconsistencies of outcomes between studies using comparable animal models 
further makes them of questionable relevance.27,33  Both studies orally dosed Sprague Dawley 
rats during nearly comparable periods of gestation with identical doses of BPA.  Weber Lozada 
and Keri27 reported BPA treatment decreased time to onset of DMBA-related tumors whereas 
Betancourt et al.33 reported that DMBA administered on PND 50 did not influence tumor 
incidence or tumor latency. 


 
7. Low Exposure and Efficient Metabolism Indicate Low Potential for Carcinogenicity 


As described in Section 1 above, the amount of residual BPA remaining in polycarbonate 
plastic and epoxy resins is very low, typically less than 100 ppm, which limits the potential for 
human exposure.  These materials are used in food packaging applications and various other 
consumer products that contact food, and migration of trace levels of BPA to food is considered 
to be the dominant source of human exposure to BPA.  Migration of BPA from polycarbonate 
plastic into food or beverages is typically in the range of 1ppb or less, and from epoxy resins is 
typically less than 50 ppb.  Consequently, virtually all human exposure to BPA is considered to 
be by the oral route through ingestion of food containing trace levels of BPA. 


In recent years, large-scale urine biomonitoring studies conducted by the Centers for Disease 
Control and Prevention (CDC) have documented human exposure to BPA in the US population.  
These studies confirm that exposure to BPA from all sources is extremely low, typically less than 
100 nanograms/kg-day.  For example, based on CDC’s 2005-2006 data, median daily intake for 
the overall population (age 6 and above) is approximately 34 nanograms/kg-day.34  For 
comparison, the European Food Safety Authority has recently established a Tolerable Daily 
Intake (TDI) of 50 micrograms/kg-day,35 indicating that typical human exposure is more than a 
thousand-fold below the TDI. 


Of more importance than the magnitude of exposure is the disposition of BPA after 
ingestion.  The metabolism and pharmacokinetics of BPA have been the subject of numerous 
studies on laboratory animals and humans.  While a complete review of this subject is beyond 
the scope of these comments, key findings from recent high-quality studies funded and 
conducted by federal government laboratories are summarized below.  These findings are 


                                                 
33 Betancourt, A. M., Eltoum, I. A., Desmond, R. A., Russo, J., and Lamartiniere, C. A. 2010. In utero exposure to 
bisphenol A shifts the window of susceptibility for mammary carcinogenesis in the rat. Environmental Health 
Perspectives. 118(11):1614-1619. 
34 LaKind, J. S. and Naiman, D. Q. 2010. Daily intake of bisphenol A and potential sources of exposure: 2005-2006 
National Health and Nutrition Examination Survey. Journal of Exposure Science and Environmental Epidemiology. 
21(3):272-279. 
35 See http://www.efsa.europa.eu/en/topics/topic/bisphenol.htm.  
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generally consistent with the many previous studies that have been conducted, all of which 
demonstrate that BPA is efficiently metabolized and rapidly eliminated by adults, children and 
infants. 


 BPA is Efficiently Metabolized and Rapidly Eliminated in Adult Humans; Unlikely 
to Cause Health Effects 


In this EPA-funded study conducted at the Pacific Northwest National Laboratory with 
participation from the FDA and CDC laboratories, Teeguarden et. al. conducted a clinical 
exposure study and monitored the metabolism and elimination of BPA from 20 adult 
human volunteers.30  The study confirmed that BPA is efficiently converted to 
conjugates, which are then rapidly eliminated from the body in urine.  Previous studies 
have shown that the conjugated forms of BPA (i.e., BPA-glucuronide,36 BPA-sulfate37) 
are not estrogenic and have no known biological activity. 


With an atypically high exposure level and a sensitive analytical method, BPA was not 
detected in blood at any time point in the study.  Only the inactive conjugates of BPA 
were transiently found at low levels before rapid elimination from the body in urine.  The 
results of this study, along with the similar results of numerous other human and 
laboratory animal studies, indicate that, because of the way it is processed in the body, it 
is very unlikely that BPA could cause health effects at any foreseeable exposure.  Even 
with atypically high exposure levels, the estimated maximum level of BPA in blood in 
this study is 10-1,000 times below levels that have been associated with biological effects 
in the most sensitive laboratory animal tests. 


 Laboratory Animal Studies Confirm that BPA is Efficiently Metabolized At All Age 
Groups 


A series of studies on monkeys and rats conducted in the FDA laboratory confirm that 
BPA is efficiently metabolized not only in adults, but also in pregnant animals, neonates 
and the fetus.38,39,40,41  Notably, the ability of monkeys only a few days after birth to 


                                                 
36 Matthews, J.B., Twomey, K., and Zacharewski, T.R. 2001. In vitro and in vivo interactions of bisphenol A and its 
metabolite, bisphenol A glucuronide, with estrogen receptors alpha and beta. Chemical Research in Toxicology. 
14(2):149-157. 
37 Shimizu, M., Ohta, K., Matsumoto, Y., Fukuoka, M., Ohno, Y., and Ozawa, S. 2002. Sulfation of bisphenol A 
abolished its estrogenicity based on proliferation and gene expression in human breast cancer MCF-7 cells. 
Toxicology in Vitro. 16(5):549-556. 
38 Doerge, D. R., Twaddle, N. C., Woodling, K. A., and Fisher, J. W. 2010. Pharmacokinetics of bisphenol A in 
neonatal and adult rhesus monkeys. Toxicology and Applied Pharmacology. 248(1):1-11. 
39 Doerge, D. R., Twaddle, N. C., Vanlandingham, M., and Fisher, J. W. 2010. Pharmacokinetics of bisphenol A in 
neonatal and adult Sprague-Dawley rats. Toxicology and Applied Pharmacology. 247(2):158-165. 
40 Doerge, D. R., Twaddle, N. C., Vanlandingham, M., Brown, R. P., and Fisher, J. W. 2011. Distribution of 
bisphenol A into tissues of adult, neonatal, and fetal Sprague-Dawley rats. Toxicology and Applied Pharmacology. 
In Press 
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metabolize BPA is equivalent to that of adult monkeys.  In rats, the developing fetus also 
has the ability to metabolize BPA.  In addition, the amount of BPA that could reach the 
fetus is extremely low due to the efficient metabolism of BPA by the mother, which 
protects the fetus from exposure.  Similar to the study above on human adults, these 
studies indicate that BPA is unlikely to cause health effects at any age with any 
foreseeable exposure.  In addition, because of differences noted between rats and 
monkeys, health effect studies in rodents are likely to over-predict the potential for health 
effects in primates, including humans. 


 
8. Conclusion 


Based on the extensive scientific data available, we recommend that BPA be designated as a 
low priority for preparation of hazard identification materials by OEHHA and further 
consideration by the CIC.   


 


                                                                                                                                                             
41 Doerge, D. R., Vanlandingham, M., Twaddle, N. C., and Delclos, K. B. 2010. Lactational transfer of bisphenol A 
in Sprague-Dawley rats. Toxicology Letters. 199(3):372-376. 
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1.0 INTRODUCTION 


The California Office of Environmental Health Hazard Assessment (OEHHA) has requested 
public comment regarding the list of chemicals submitted in July 2011 to the Carcinogen 
Identification Committee (CIC) for review.  OEHHA requested the CIC to prioritize the 
proposed list to determine which chemicals should proceed to the next stage of the evaluation 
process. 
 
The proposed list of chemicals was developed according to the established Process for 
Prioritizing Chemicals for Consideration under Proposition 65 by the State’s Qualified 
Experts.  According to this procedure, OEHHA applied human and animal data screens to 
chemicals in the tracking database, and performed subsequent toxicological evaluations on 
the selected chemicals that were flagged.  Based on the results of genotoxicity tests, long-
term feeding studies in rats, mice and dogs, and structural similarity with Proposition 65 
carcinogens (i.e. trifluralin), prodiamine (CAS No. 29091-21-2) was included on the 
proposed list to the CIC for consideration. 
 
Although prodiamine was classified in 1991 as a “possible human carcinogen”, this 
classification was historically used for agents with limited evidence of carcinogenicity in 
animals and in the absence of human data (USPEA, 1991).  While a carcinogenic potential 
was identified for prodiamine, the potential was not quantified.  As part of the USEPA 
registration review, the Agency requested a study in rats to measure effects on thyroid 
stimulating hormone (TSH), triiodothyronine (T3) and thyroxine (T4) (USEPA, 1992). 
 
Current scientific evidence demonstrates that prodiamine should not be considered for listing 
as a human carcinogen under Proposition 65.  Syngenta has submitted studies to the USEPA 
that support a mode of action for high-dose only rat thyroid follicular adenomas and 
adenocarcinomas that would not be operative in humans at the concentrations used in the end 
use product(s). 
 
The present document summarizes the design and results of the studies identified by OEHHA 
as relevant during the preliminary toxicological evaluations of prodiamine, and provide the 
rationale and evidence that support the exclusion of prodiamine from the CIC list. 
 
2.0 RELEVANT STUDIES IDENTIFIED BY OEHHA DURING THE 


PRELIMINARY TOXICOLOGICAL EVALUATION 


2.1 Genotoxicity Studies 


The mutagenic potential of prodiamine has been thoroughly tested.  The test battery was 
designed to evaluate in vitro point mutations in prokaryotic and eukaryotic cells, in vitro 
clastogenic potential in somatic cells, and DNA damaging potential measured as unscheduled 
DNA synthesis.  The in vitro point mutation and clastogenicity studies were performed both 
with and without a metabolic activation system to investigate the effect of metabolites of 
prodiamine on the test systems.  Overall, the studies revealed no genotoxic organization, 
either with or without metabolic activation of prodiamine (Table 1). 
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The initial results of the Ames tests performed on prodiamine were equivocal.  One test using 
prodiamine manufactured by an outdated process tested weakly positive with TA1538 
without enzyme induction (Haworth, 1984).  The increased numbers of revertants in this 
strain was indicative of frame shift mutagenicity.  However, TA98, a tester strain similar to 
TA1538, but which contains a plasmid introduced to increase the sensitivity of the strain, 
gave a negative result in the same test.  Additional Ames tests using prodiamine 
manufactured by the updated process tested negative, both with and without metabolic 
activation, with each of the tester strains (Lawlor, 1985a, b, c, d).  Of note, prodiamine 
manufactured by the updated process was used for the subsequent chromosome aberration, 
unscheduled DNA synthesis (UDS), and mouse lymphoma tests. 
 
In a chromosome aberration test performed with Chinese hamster ovary cells at dose levels 
ranging from 4 – 60 μg/L, prodiamine did not induce a significant level of chromosome 
aberration and the test results were considered negative (Putnam, 1985). 


Results of the mouse lymphoma cell assay performed at 4 – 23 μg/mL with metabolic 
activation showed no mutant frequencies greater than those of the controls observed in the 
cultures with metabolic activation (Rogers-Back, 1985).  In the absence of metabolic 
activation no dose-dependent response was observed in the cultures at 1.3 – 17 μg/mL.  A 
second mouse lymphoma cell assay was performed at 1 – 500 μg/mL without metabolic 
activation, and at 0.5 – 50 μg/mL with metabolic activation.  Prodiamine was negative in 
inducing forward mutations at the TK locus in L5178Y mouse lymphoma cells with and 
without metabolic activation (Young, 1990). 


Prodiamine was tested in the unscheduled DNA synthesis test using rat hepatocytes at levels 
from 0.3 – 100 μg/mL (Curren, 1985).  Under the test conditions, prodiamine did not cause 
an increase in the unscheduled DNA synthesis as measured by the mean number of net 
nuclear grain counts at any dose level. 


An in vivo micronucleus test was performed to assess the ability of prodiamine to induce 
micronucleated polychromatic erythrocytes in the bone marrow of rats at the single dose 
level of 2000 mg/kg (Fox, 2005).  No statistically or biologically significant increase in the 
incidence of micronucleated polychromatic erythrocytes was seen in treated animals as 
compared to the controls.  Prodiamine is not considered clastogenic in the rat bone marrow 
micronucleus test. 


Overall, the studies revealed no genotoxic potential, either with or without metabolic 
activation of prodiamine (Table 1). 


2.2 Carcinogenicity Studies 


The toxicity profile of prodiamine has been thoroughly tested over the full range of short, 
intermediate and long-term repeat dose studies, including chronic toxicity and 
carcinogenicity studies in rats, mice or dogs.  Long term toxicity of prodiamine was assessed 
in three studies, namely the two-year chronic studies with rat and mouse and the one-year 
toxicity study with dogs (Table 2).  Prodiamine was not carcinogenic to the mouse; however, 
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there was an increased incidence of thyroid follicular adenomas in the rat.  The study 
summaries are included below. 
 
2.2.1 Two-Year Study in Mice 


Prodiamine was fed to CD-1 mice for 99 weeks at dietary levels of 0, 50, 500, or 5000 ppm 
(Powell, 1988).  Mean compound intake values were 6, 55, and 573 mg/kg/day for males, 
and 6, 55, and 595 mg/kg/day for females receiving 50, 500 or 5000 ppm, respectively. 
 
There were no clinical signs of toxicity, or changes in food or water consumption.  There 
were statistically significant (p<0.01) reductions in body weight gains in male mice at 500 
and 5000 ppm (> 35% on occasion), but no corresponding effect in females; and increased 
mortalities after 78 weeks on study in both sexes.  Other compound-related effects at 5000 
ppm included an occasional shift in differential white cell counts in both males and females. 
 
Yellow staining of the fur was observed for both males and females in the urogenital/ventral 
region at all dose levels including control animals with a slight increase for animals at the top 
dose level; general overall staining was observed only at 5000 ppm in males and females.  
This findings was considered to be due t the coloration of the urine by prodiamine which is 
bright yellow, or its metabolites.  There was no clear increase in fur staining among animals 
receiving 50 or 500 ppm. 
 
Increases in terminal liver weights at 5000 ppm in male and female mice were observed, with 
statistical significance being achieved in females (p<0.01).  Female mice also showed 
decreases in terminal kidney weights at 500 and 5000 ppm (p<0.05 and p<0.01, 
respectively).  These organ weight changes were not associated with histopathological 
effects. 
 
Increases observed in incidence of subcutaneous fibrosarcomas (p<0.03) in male mice at 
5000 ppm were not considered treatment related.  The tumors were well defined with no 
evidence of metastases.  Subcutaneous fibrosarcomas are rare in dietary studies; the tumor 
type was recognized as being associated with wounds caused by fighting in group-housed 
males. 
 
Prodiamine tested negative for oncogenicity in this lifetime dietary study in CD1 mice.  
Based on mortality, reduced body weight gains, and increased liver weights, the NOEL was 
defined as 500 ppm, equivalent to 59 and 65 mg/kg/day in males and females, respectively.  
The LOEL was defined as 5000 ppm, equivalent to 606 and 646 mg/kg/day in males and 
females, respectively. 
 
2.2.2 One-Year Study in Dogs 


In dogs, administration of prodiamine for up to 52 weeks at dose levels of 0, 200, 600, or 
2000 ppm had no effect on food or water consumption, body weight gains, opthalmoscopy, 
urinalysis or clinical signs of toxicity.  When prodiamine is fed to dogs, the initial response is 
a change in the liver and blood forming organs.  These effects included changes in 
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hematology, increases in total white cell counts and platelets at 600 and 2000 ppm.  
Biochemical changes included increases in serum alkaline phosphatase and cholesterol at 
2000 ppm, and decreased serum glutamic pyruvic transaminase at all dietary levels. 
 
At post mortem, statistically significant increases in liver weight were evident at 13 weeks at 
2000 ppm; and 1-year at 200, 600, and 2000 ppm in males, and only at 2000 ppm in females.  
There were no microscopic findings in the liver to account for this increase in weight.  In the 
absence of any microscopic findings to account for the weight increase, the increase in liver 
weight at 600 ppm was considered of no toxicological significance. 
 
The decrease in thymus weight at 600 and 2000 ppm achieved statistical significance in 
males only. Depletion of cortical lymphoid cells of thymus tissue was observed in a number 
of dogs from all groups including the control group and it reached a marginally greater 
incidence at the 2000 ppm dose level compared to control dogs. Depletion of cortical 
lymphoid cells is considered a normal regressive change in dogs of that age. Thus, treatment 
with prodiamine may have enhanced this normal regressive change. 
 
The NOEL for this study is considered to be 200 ppm of prodiamine equivalent to 
approximately 6.3 mg/kg/day for males and females.  The dose level of 2000 ppm represents 
a LOEL.  Effects observed at 600 ppm were sporadic and generally fell within the normal 
biological range (NOAEL).  The data suggests prodiamine, when fed to dogs at dose levels 
up to 2000 ppm, produces an initial toxic response in the liver and blood forming organs. 
 
2.2.3 Two-Year Study in Rats 


Prodiamine was fed to male and female Sprague-Dawley (CD1) rats for 25 months at dietary 
levels of 0, 50, 200, 800, or 3200 ppm (Powell, 1989).  Mean compound intake values were 
1.8, 7.2, 29.4, and 120 mg/kg/day for males and 2.3, 9.1, 37.0, and 151 mg/kg/day for 
females receiving 50, 200, 800, or 3200 ppm, respectively. 
 
There was no effect of dosing on mortality, clinical signs, or hematology parameters.  There 
were slight increases in food consumption, increased liver weights, and minor biochemical 
disturbances at 3200 ppm.  Body weight gains were slightly decreased in both sexes 
throughout the study; from initiation to week 78, gains were 10 and 5.6% lower than controls 
for high-dose males and females, respectively. 
 
Generalized yellow fur staining was apparent among males and females at 3200 ppm.  This 
was considered to be from the test compound which is a yellow powder.  There was no 
evidence of generalized yellow fur staining at 800, 200, or 50 ppm.  Yellow/orange 
discoloration of the urine was noted among males at 200 ppm and males and females at 3200 
and 800 ppm.  This finding was considered to be likely a result of the yellow color of 
prodiamine and/or its metabolites. 
 
There were increases in liver weights in both males and females at 800 and 3200 ppm.  The 
increases were significant (p < 0.01) in males at both doses at the terminal sacrifice and in 
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females at both doses at the interim sacrifice and at 3200 ppm at the final sacrifice.  There 
were no correlating histologic liver changes. 
 
There were no changes in hematology parameters considered biologically relevant and only 
minor changes in clinical chemistry parameters.  Serum cholesterol levels were slightly 
increased in females receiving 3200 ppm at weeks 26, 52, and 78.  There were decreases in 
alanine aminotransferase and aspartic aminotransferase activities and lactic acid 
dehydrogenase activities in dosed groups in the first year of the study, but these decreases did 
not persist and the changes were not considered of toxicologic importance.  In addition, it is 
an increase, not decease, in these parameters that is considered of toxicological concern.  The 
observed changes were not consistent throughout the entire study and therefore the minimal 
effects on hematology were considered not related to treatment. 
 
There was a statistically significant increase (p = 0.019) in thyroid follicular adenomas in 
females receiving 3200 ppm (Table 3).  This incidence was 12% compared to 0% in 
concurrent control females and 2.1% in historical controls (Table 4).  There was a significant 
increase (p = 0.039) in thyroid follicular adenomas in males receiving 3200 ppm, 12% 
compared to 2% for concurrent controls and 7.8% for historical controls (Tables 3 and 4).  
No increases in malignant thyroid tumors were observed relative to control animals; 
however, the combined incidence of follicular adenoma/carcinoma in both males (16%) and 
females (12%) was significantly increased (p < 0.05) when compared to control males (4%) 
and females (0%).  There were no increases in tumors at other sites that were considered 
treatment related. 
 
The maximum tolerated dose (MTD) was demonstrated to be 3200 ppm based on decreased 
body weight gains in both sexes.  Prodiamine when fed to Sprague-Dawley rats over the 
majority of their lifespan resulted in a NOEL of 200 ppm prodiamine (equivalent to 7.2 and 
9.1 mg/kg/day) and a NOAEL of 800 ppm (equivalent to 29.4 and 37.0 mg/kg/day) and 
LOAEL of 3200 ppm (equivalent to 120 and 151 mg/kg/day) in males and females, 
respectively, based on minor biochemical disturbances and increased liver weights. 
 
2.3 Mechanistic Studies: Prodiamine Thyroid Hormone Measurement Study 


Supplemental studies were conducted to investigate the possible effects of prodiamine on 
liver metabolism and thyroid function for the purpose of investigating the increase in benign 
thyroid tumors seen in the chronic rat study (Warren et al., 1993). 


Based on the results from the carcinogenicity study in Sprague-Dawley rats (Powell, 1989), a 
6-week dietary toxicity study with a 6-week recovery period in Wistar rats was conducted to 
assess the mode of action (MOA) behind the borderline increased incidence of thyroid 
tumors among prodiamine-treated female rats (Warren et al., 1993).  The study was designed 
to test the hypothesis that prodiamine induces hepatic enzyme activity, increasing thyroid 
hormone metabolism and in turn induces a feedback loop increasing TSH secretion which in 
turns leads to thyroid enlargement and hyperplasia (Saghir et al., 2008). 


The rat was selected as the test system since this is the only model to date showing a thyroid 
effect with prodiamine.  The test was performed in females only, since females were the sex 
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most affected in the 2 year carcinogenicity study.  Wistar rats were selected as an appropriate 
model because of the known sensitivity of the strain to thyroid neoplasia.  Doses were 
selected on the basis of results obtained in previous studies, including thyroid enlargement 
observed within 5 weeks of prodiamine treatment at 6000 ppm, and a minimal increase in the 
incidence of thyroid tumors among female Sprague Dawley rats after life term exposure at 
3200 ppm prodiamine.  The route of administration by dietary admixture was selected as the 
oral route was used in previous studies and is considered to represent a possible route of 
human exposure. 


Groups of 6 female Wistar rats received prodiamine at dietary concentrations of 200 or 800 
ppm, and a group of 18 females received 8000 ppm; equivalent to dose levels of 16.8, 63.0, 
and 681.2 mg/kg/day, respectively for 6 weeks followed by 6 weeks of control diet during 
the recovery phase.  A group of 6 females received 200 ppm 6-propyl-2-thiouracil (PTU) in 
the diet as a positive control and an additional group of 18 untreated females were used as a 
negative control to the study.  Six females of the control group and 6 of the high dose level 
were used for study of biliary excretion of radiolabelled T3; an additional 6 animals in the 
untreated control and top dose level groups (0 and 3200 ppm prodiamine, respectively) were 
allowed a 6-week withdrawal period to study reversibility of any treatment-related changes. 


Treatment Group No. of animals 
total 


Animals 
terminated at 
week 6a 


Animals 
cannulated at 
week 6b 


Animals in 6 week 
recovery phase 


Negative Controls 
0 ppm 18 6 6 6 


Positive Controls 
200 ppm PTU 
(ca. 14.3 mg/kg/day) 


6 6 -- -- 


Prodiamine 200 ppm  
(ca. 16.8 mg/kg/day) 6 6 -- -- 


Prodiamine 800 ppm  
(ca. 63.0 mg/kg/day) 6 6 -- -- 


Prodiamine 8000 ppm 
(ca. 681.2 mg/kg/day) 18 6 6 6 
a All animals on study had blood drawn following 6 weeks exposure to measure hepatic enzymes, and T3, T4, and TSH 
levels.  b Animals cannulated and injected with 125I-T3 to assess pharmacokinetics of T3 elimination. 


Rats treated with prodiamine for 6 weeks, at levels in excess of those used in the 
carcinogenicity study, did not display any changes in thyroid function.  In particular, TSH, T3 
and T4 blood levels, T3 biliary excretion, and pathology of the thyroid and pituitary glands 
appeared unaffected.  Rats treated with 8000 ppm prodiamine showed increased liver weights 
with no histopathological correlate, increased hepatic P450 content and increased ECOD 
(Ethyoxycoumarin-O-Deethylase) and UDPGT (Uridine Diphosphate Glucuronosyl 
Transferase) activities.  These changes were fully reversible within 6 weeks on cessation of 
treatment. 


The increase in UDPGT activity among prodiamine-treated rats is expected to result in 
increased glucuronidation and biliary elimination of thyroid hormones.  However, 
comparison of the elimination of radiolabelled T3 showed no significant difference between 
controls and treatment groups after 6 weeks treatment.  In addition, at the time of 
measurement, circulating T3 and T4 levels were not decreased and TSH concentrations did 
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not increase.  There appeared to be no change in the size or numbers of TSH-immunoreactive 
cells in the pituitary. 


Treatment with 200 ppm prodiamine (16.8 mg/kg/day) was a NOEL for all parameters.  
Based on a minimal increase in hepatic P450 content and ECOD activity, 800 ppm (63 
mg/kg/day) was a no observed adverse effect level (NOAEL) in this study.  The results of 
these studies suggest that thyroid hormonal imbalances may have resulted from an induction 
of hepatic cytochrome P450 proteins, ECOD and UDPGT activities; similar to that seen with 
phenobarbital (McClain et al., 1989; McClain, 1989).  Failure to detect thyroid hormonal 
imbalances in this mechanistic study with prodiamine may be due to homeostatic 
compensation that occurred by 6 weeks (McClain, 1998). 


3.0 DISCUSSION AND CONCLUSIONS 


The modes of action or crucial steps in thyroid follicular cell carcinogenesis include 
mutagenicity, perturbations in thyroid and pituitary hormones, or a combination of the two.  
There are many ways chemicals produce antithyroid effects that reduce circulating thyroid 
hormone, increase TSH, and increase thyroid cancer potential in rodents.  One possible mode 
of action by chemicals is enhancement of the metabolism and excretion of thyroid hormone 
by the liver, largely through the action of UDPGT.  Humans respond as do experimental 
animals in regard to short- and mid-term disturbances in thyroid functional from various 
antithyroid stimuli (i.e., perturb thyroid-pituitary homeostasis) such as iodide deficiency, 
partial thyroidectomy, and goitrogenic chemicals.  When circulating thyroid hormone levels 
go down, the TSH level rises and prolonged elevation of TSH induces thyroid hypertrophy 
and hyperplasia. 
 
However, the long-term consequences of antithyroid action are harder to interpret, and there 
is controversy regarding whether an enlarged human thyroid gland undergoes conversion to 
cancer.  Thyroid enlargements and nodules have been implicated as possible antecedents to 
thyroid cancer in humans, but direct evidence of conversion of these lesions to malignancy is 
lacking.  In spite of the potential qualitative similarities, there is evidence that humans may 
not be as quantitatively sensitive to thyroid cancer development from thyroid-pituitary 
disruption as rodents.  Rodents readily respond to reduced iodide intake with the 
development of cancer; humans develop profound hyperplasia with adenomatous changes 
with only suggestive evidence of malignancy.  One factor that may play a role in interspecies 
quantitative sensitivity to thyroid stimulation deals with the influence of protein carriers of 
thyroid hormone in the blood (Table 5).  Both humans and rodents have nonspecific low 
affinity protein carriers of thyroid hormone (e.g., albumin).  However, in humans, other 
primates, and dogs, there is a high affinity binding protein, thyroxine-binding globulin, which 
binds T4 (and T3 to a lesser degree); this protein is missing in rodents and lower vertebrates.  
As a result, T4 bound to proteins with lower affinity in the rodent is more susceptible to 
removal from the blood, metabolism, and excretion from the body.  In keeping with this 
finding, the serum half-life of T4 is shorter in rats (<1 day) compared to humans (5-9 days); 
this difference in T4 half-life results in a 10-fold greater requirement for endogenous T4 in the 
rat thyroid than in the adult human (Hill et al., 1998; USEPA, 1998).  Serum T3 levels also 
show a species difference; the half-life is around 6 hours in rats and 24 hours in humans.  
There is a morphological consequence to these hormone differences.  High thyroid hormone 
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synthetic activity is demonstrated in follicles in rodents; they are relatively small, surrounded 
often by cuboidal epithelium.  Follicles in primates demonstrate less activity and are large 
with abundant colloid, and follicular cells are relatively flattened (low cuboidal) (Hill et al., 
1998).  The accelerated production of thyroid hormone in the rat is driven by serum TSH 
levels that are about 6- to 60-fold higher than in humans.  This assumes a basal TSH level in 
rats and humans of 200 ng/mL and 5 μU/mL of hormone (Hill et al., 1998; USEPA, 1998).  It 
appears that the rodent thyroid gland is chronically stimulated by TSH levels to compensate 
for the increased turnover of thyroid hormone.  Increases in TSH levels above basal levels in 
rats could more readily move the gland toward increased growth and potential neoplastic 
change than in humans.  In addition to considerations about the influence of serum thyroid 
hormone carrier proteins, there are differences between humans and animals in size, lifespan, 
basal metabolic rate, and pharmacokinetics and pharmacodynamics of endogenous and 
exogenous chemicals.  Any comparison of thyroid carcinogenic responses across species 
should be cognizant of all these factors. 
 
The oncogenicity study in Sprague Dawley rats with prodiamine displayed marginal, but 
significant, increases in thyroid follicular adenomas only at the highest dietary level of 3200 
ppm; equivalent to 120 mg/kg/day in males (6/50 animals, 12% incidence, p=0.039 Peto 
analysis), and 151 mg/kg/day in females (6/50 animals 12% incidence, p=0.019, Peto 
analysis).  Only the incidence of combined thyroid follicular cell adenomas and carcinomas 
in female rats (12%) exceeded the historical control incidence (ranging 0% to 8%).  Slight 
increases in hyperplasia of the thyroid and pituitary were seen at 3200 ppm in both sexes 
(Powell, 1989).  Although these incidences, when combined with follicular carcinomas, were 
statistically significantly increased (p<0.05), only the follicular adenomas in female rats at 
3200 ppm were slightly outside the laboratory’s historical control range for these lesions.  
These thyroid tumors were evident as incidental findings in those animals terminated at 2 
years; they were not a factor contributing to the death of intercurrent animals.  Increases in 
terminal liver weights were evident along with incidences of slight hyperplasia in the thyroid 
and pituitary glands. 
 
In the 6-week dietary mechanistic study in female Wistar rats, the top dose level of 8000 ppm 
prodiamine (ca. 681 mg/kg/day) showed no effect on TSH, T3 and T4 blood levels, T3 biliary 
excretion, or on thyroid or pituitary pathology at the 6 week time point.  At 8000 ppm, 
prodiamine did however produce increases in liver weight, hepatic P450 content, and ECOD 
and UDPGT activities.  All treatment related changes were fully reversible within 6 weeks on 
withdrawal of treatment.  From a toxicological point of view, although relatively minor 
changes in liver enzyme profiles may be indicative of adaptive change, over the longer-term 
these changes may have been sufficient to cause thyroid hormone imbalances secondary to 
catabolism leading to tumors. 
 
While inducing agents such as phenobarbital are known to promote thyroid tumorigenesis 
through induction of T3 and T4 metabolism and subsequent elevation of TSH, this effect 
occurs with phenobarbital over a relatively short period of time (McClain, 1998).  In contrast, 
prodiamine may produce such an effect after prolonged administration in experimental 
animals due to a more subtle effect on induction.  The results of the six week dietary study in 
female Wistar rats showed a significant induction of hepatic microsomal protein and 
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cytochrome P450 content at 8000 ppm.  Significant increases in the activities of hepatic 
ECOD and UDPGT were also observed at this dose, though no significant alterations in TSH, 
T3 or T4 were observed after six weeks of prodiamine treatment.  In addition, bile cannulation 
studies on the elimination of radiolabelled T3 showed no significant difference in the 
percentage of eliminated radioactivity in bile between prodiamine treated rats at 8000 ppm 
and untreated control animals.  Values may have returned to near normal due to 
compensatory changes within the hypothalamus-pituitary-thyroid gland axis.  This 
homeostatic compensation could have occurred by six weeks treatment, as shown by the 
rebound increase over control in serum T4 levels after removal from prodiamine. 
 
A technical panel of the US EPA has investigated potential mechanisms of action for 
compounds that induce follicular neoplasia and recognize that follicular tumors can arose 
from long-term hormonal imbalance and increased TSH.  It is concluded that the steps 
leading to these tumors are expected to show thresholds such that risks are minimal when 
normal thyroid-pituitary function exists and that models that assume a threshold process may 
be used for risk assessment.  This would apply to the case where only thyroid tumors are 
observed and that other mechanisms such as genotoxicity can be ruled out.  This is such the 
case for prodiamine which is not genotoxic and does not produce tumors at any other sites 
and only a slight increase in benign thyroid adenomas and the MTD in female Sprague 
Dawley rats. 
 
Substances that cause liver enzyme induction, particularly UDPGT which is responsible for 
the metabolism of T4, can lead to increased metabolism and excretion of the hormone and 
thus decrease circulating levels.  In man, this increase in metabolism would be compensated 
for by the reservoir of thyroid hormone bound to TBG (thyroxine binding globulin).  In rats 
however, this decrease in T4 would result in increased production of TSH by the already 
persistently stimulated pituitary, which over a long period, could lead to the appearance of 
thyroid tumors.  The results of the studies conducted with prodiamine suggest that thyroid 
hormonal imbalances may have resulted from an induction of hepatic cytochrome P450 
proteins, ECOD, and UDPGT activities; similar to that seen with phenobarbital.  Failure to 
detect thyroid hormonal imbalances may be due to homeostatic compensation by six weeks 
of treatment.  In addition, the possibility of detecting a hormonal change with a marginal 
tumor increase in a chronic lifespan study may be considered remote in a short-term study 
design with a built-in recovery period. 
 
The USEPA assessed the mode of carcinogenic action of prodiamine among 23 other 
pesticides in inducing thyroid follicular cell tumors in rodents (Hurley et al., 1998).  Several 
crucial pieces of information are combined to determine whether prodiamine and the other 
chemicals produced thyroid tumors by interfering with thyroid-pituitary homeostasis.  Such 
substances should induce increases in thyroid cell growth and perturb thyroid and pituitary 
hormones; effects that are reversible upon cessation of dosing.  Identification of a specific 
site of antithyroid action is needed, along with correlations among chemicals doses that 
perturb thyroid-pituitary functioning and thyroid tumors.  Indicators of thyroid cell growth 
include cellular hypertrophy, hyperplasia, and increase in thyroid weight.  For prodiamine, 
there was no cellular hypertrophy observed; however, hyperplasia was noted.  There was a 
statistically significant increase in adjusted thyroid weight in females at the interim sacrifice 
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(>24%) in the oncogenicity study; however, the increase is only slight (13%) and not 
statistically significant by the termination of the study.  There was also no evidence of 
hormone changes as observed by the lack of neither decrease in T3 and T4 nor increase in 
TSH levels.  Overall, prodiamine did present with at least one of the five indicators of 
increased thyroid growth or hormone perturbation.  Based on the USEPA’s assessment, the 
evidence from the prodiamine toxicology database suggests that the potential site of 
antithyroid action may be the liver (Hurley et al., 1998).  Prodiamine showed increases in at 
least two of the parameters (thyroid cell growth: hyperplasia, and increased hepatocellular 
hypertrophy and UDPGT activity), consistent with an enhancement of hepatic metabolism 
and excretion of thyroid hormone. 
 
Prodiamine was classified by the Agency as a class C oncogen, possible human carcinogen, 
with the RfD used to estimate human risk (US EPA, 1991).  The recommendation to use the 
RfD approach was based on the absence of genotoxicity, the nature of the response (benign 
thyroid follicular cell tumors), and the lack of a clear neoplastic response at sites other than 
the thyroid.  The EPA FIFRA Scientific Advisory Panel concurred with this assessment.  
Prodiamine appears to induce a marginal increase in thyroid tumors in rats through indirect, 
secondary mechanisms which qualify this molecule for consideration under the threshold 
model for thyroid neoplasm, thereby justifying reclassification of this herbicide as a class D 
oncogen, not classifiable as to human carcinogenicity, with the RfD approach used for 
extrapolation of human risk. 
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TABLE 1 Summary of Prodiamine Genotoxicity Studies 


Study type Test system Concentrations or 
doses tested 


Results Reference 


Bacterial gene 
mutation assay 
(Ames) 


S. typhimurium: TA 
98, TA 100, TA 
1535, TA 1537, TA 
1538 


20, 100, 500, 2500, 
5000 μg/plate (with 
and without MA) 


Positive response for 
strains TA 98 and TA 
1538 


Haworth, (1984) 
MRID 00141495 


Bacterial gene 
mutation assay 
(Ames) 


S. typhimurium: TA 
98, TA 100, TA 
1535, TA 1537, TA 
1538 


100, 500, 2500, 
5000, 10000 μg/plate 
(with and without 
MA) 


not mutagenic with 
and without MA in S. 
typhimurium 


Lawlor, T.E. 
(1985a) 
MRID 00155206 


Bacterial gene 
mutation assay 
(Ames) 


S. typhimurium: TA 
98, TA 100, TA 
1535, TA 1537, TA 
1538 


50, 250, 1250, 2500, 
5000 μg/plate (with 
and without MA) 


not mutagenic with 
and without MA in S. 
typhimurium 


Lawlor, T.E. 
(1985b) 


Bacterial gene 
mutation assay 
(Ames) 


S. typhimurium: TA 
98, TA 100, TA 
1535, TA 1537, TA 
1538 


100, 500, 2500, 
5000, 10000 μg/plate 
(with and without 
MA) 


not mutagenic with 
and without MA in S. 
typhimurium 


Lawlor, T.E. 
(1985c) 
MRID 00155207 


Bacterial gene 
mutation assay 
(Ames) 


S. typhimurium: TA 
98, TA 100, TA 
1535, TA 1537, TA 
1538 


100, 500, 2500, 
5000, 10000 μg/plate 
(with and without 
MA) 


not mutagenic with 
and without MA in S. 
typhimurium 


Lawlor, T.E. 
(1985d) 


Mammalian 
gene mutation 
assay 


L5178Y TK +/- 
mouse lymphoma 
cells  


4, 5.3, 7.1, 10, 13, 
17, 23 μg/mL (MA); 
1.3, 1.7, 2.3, 3, 4, 
5.3, 7.1, 10, 13, 17 
μg/mL (non-MA) 


Under the conditions 
of this test, 
prodiamine technical 
produced a weakly 
positive response1. 


Rogers-Back, 
A.M. (1985) 
MRID 00155208 


Mammalian 
gene mutation 
assay 


L5178Y TK +/- 
mouse lymphoma 
cells 


0.5, 1, 4, 6, 8, 10, 13, 
16, 20, 50 μg/mL 
(MA); 1, 10, 40, 60, 
80, 100, 130, 160, 
200, 500 μg/mL 
(non-MA) 


Non-mutagenic in the 
in vitro mouse 
lymphoma forward 
mutation assay with 
or without MA at the 
concentrations tested. 


Young, R.R. 
(1990) 
MRID 41558101 


Chromosome 
aberration assay 


Chinese hamster 
ovary (CHO) cells 
(CCL 61) 


4, 8, 15, 30, 60 
μg/mL 


not mutagenic/ 
clastogenic with and 
without MA. 


Putnam, D.L. 
(1985) 
MRID 00155209 


DNA repair 
assay 


Rat primary 
hepatocytes 


0.3, 1, 3.3, 10, 20, 
30, 100 μg/mL 
culture medium 


no induction of 
unscheduled DNA 
synthesis 


Curren, R.D. 
(1985) 
MRID 00155210 


Micronucleus 
test 


Rat (Alpk: APfSD) 2000 mg/kg No evidence of 
clastogenicity 


Fox, V. (2005) 


MA: metabolic activation.  One weakly positive response occurred only at toxic levels, in the absence of MA and a negative 
response in the presence of MA.  It was considered inconclusive and it was recommended that the assay be repeated. 
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TABLE 2 Summaries of the Key Endpoints in Chronic Toxicity and 
Mechanistic Studies with Prodiamine 


 
Study Dose Levels NO(A)EL LO(A)EL Toxicological endpoint Reference 


99 week 
mouse diet 
 


0, 50, 500, 
5000 ppm 


NOEL = 500 
ppm  
(59 
mg/kg/day) 


LOEL = 
5000 ppm  
(606 
mg/kg/day) 


Based on mortality, reduced body 
weight gains, increased liver 
weights 


Powell, 


 
2 year rat 
diet 
 


0, 50, 200, 
800, 3200 
ppm 


NOEL = 200 
ppm  
(7.2 
mg/kg/day) 


LOEL = 800 
ppm  
(29.4 
mg/kg/day) 


Minor biochemical effects and 
increased liver weights 


Powell, 
1989 


6 week 
feeding 
study in 
rats to 
investigate 
thyroid 
effects 


0, 200, 800, 
8000 ppm 
prodiamine; 
200 ppm 
PTU 


NOAEL = 
800 ppm  
(63.0 
mg/kg/day) 


LOEL = 
8000 ppm  
(681.2 
mg/kg/day) 


Microsomal protein and enzyme 
induction observed in liver at 
8000 ppm: minimal increases in 
hepatic P450 content, ECOD 
activity and UDPGT, effects were 
reversible after cessation of 
treatment.  No significant effects 
of prodiamine treatment on serum 
levels of TSH, T3 or T4. 


Warren et 
al., 1993 


1 year dog 
diet 
 


0, 200, 600, 
2000 ppm 


NOAEL = 
600 ppm 
(20.3 
mg/kg/day) 


LOAEL – 
2000 ppm 
(60.6 
mg/kg/day) 


Based on increase in relative liver 
weight, white cell counts and 
platelets, and decreased male 
thymus weights. 


Harling 


 


 


 
NOAEL: no observed adverse effect level; LOAEL: lowest observed adverse effect level; PTU: 6-propyl-2-thiouracil 
(positive control). 
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TABLE 3 Incidence of thyroid tumors in rats treated with prodiamine 


 Males Females 


Group Number 1 2 3 4 5 1 2 3 4 5 


Dosage (ppm) Control 50 200 800 3200 Control 50 200 800 3200 


Thyroids D T D T D T D T D T D T D T D T D T D T 


Follicular adenoma 1 0 2 2 0 0 1 2 4 2 0 0 2 0 0 0 0 0 3 3 


Follicular 
carcinoma 


1 0 0 0 0 1 2 1 1 1 0 0 0 0 0 0 1 1 0 0 


Follicular adenoma 
and/or carcinoma 


2 4 1 6 8* 0 2 0 2 6* 


C-cell adenoma 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 


C-cell carcinoma 6 2 0 2 3 1 1 2 0 0 2 3 1 3 2 4 2 3 1 3 


Number of thyroids 
examined 


50 46 50 50 50 50 48 50 50 50 


* significantly different from controls (p<0.05). D: decedent (sporadic), T: terminal kills. Temporal incidence of lesions 
combined within treatment groups. 
 
TABLE 4 Historical background data for thyroid tumors in control 


Sprague-Dawley rats 


Study Code 83A 83B 83C 84A 84B 84C R S T U V U 


Nos. of male rats examined 50 50 55 100 50 50 105 50 61 50 55 50 


Nos. of male rats with thyroid: 50 50 54 100 50 49 105 50 60 49 55 50 


Follicular adenoma 4 4 7 4 4 6 4 4 8 6 2 3 


Follicular carcinoma 0 1 3 3 4 1 3 0 2 0 0 0 


Nos. of female rats examined 50 50 55 100 50 50 105 50 61 50 55 50 


Nos. of female rats with 
thyroid: 


50 50 55 100 50 50 105 49 61 49 55 50 


Follicular adenoma 1 2 1 2 3 0 1 0 1 0 1 3 


Follicular carcinoma 2 0 0 2 1 1 2 0 0 0 0 0 
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TABLE 5 Interspecies and intraspecies differences in sensitivity to thyroid 
cancer development 


Parameter Human Rat 


Thyroxine binding globulin Present Essentially absent 


T4 half-life 5-9 days 0.5-1 day 


T3 half-life 1 day 0.25 day 


T4 production rate/kg body weight 1 x 10 x that in humans 


Serum TSH 1 x 6-60 x that in humans 


Follicular cell morphology Low cuboidal Cuboidal 


Sex differences   


Serum TSH M = F M < 2x F 


Cancer sensitivity F = 2.5 x M M > F 
Adapted from Hill et al., 1998 and USEPA, 1998. 
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Electronic Mail 
 
September 19th, 2011 
 
Ms. Cynthia Oshita 
Office of Environmental Health Hazard Assessment 
P.O. Box 4010, MS-19B 
1001 I Street 
Sacramento, California 95814 
 
Re: California Cancer Identification Committee Meeting, October 12-13, 2011—


Triazole Fungicides 
 
Dear Ms. Oshita, 
 


The undersigned California agricultural organizations submit these comments in 
response to the July 22, 2011 notice issued by the Office of Environmental Health 
Hazard Assessment (OEHHA) announcing a review of 39 chemicals by the Proposition 
65 California Cancer Identification Committee (CIC) at a meeting on October 12 and 13, 
2011.  Specifically, we are concerned with the inclusion of “triazole fungicides” as a 
class of chemistry and believe it is inappropriate to consider triazoles as a single group 
when performing a carcinogenicity assessment.  
 


California’s agricultural sectors rely upon the broad spectrum benefits of 
fungicidal activity against a range of economically important plant pathogens that is 
afforded by the triazoles. California’s Department of Pesticide Regulation (CDPR) use 
data underscores the importance of the many  active ingredients contemplated for 
treatment as a single treatment and as recently as 2009 has data demonstrating 
increased uses in response to disease pressures and resistance development in other 
compounds.  To lose or restrict the access to these products would place California 
growers at a distinct competitive disadvantage.  We expect OEHHA to carefully weigh 
the science prior to such action to ensure that they make the best decisions. 
 


Industry members have consulted with the Triazole Task Force who also 
believes that it is inappropriate to consider the various triazole fungicides as a single 
class when performing a carcinogenicity assessment.  They point out that triazoles do 
not exhibit a common mode of toxicity and that considering them in a group is contrary 
to available scientific evidence. This is further supported by the US Environmental 
Protection Agency’s published position on these active ingredients. In several federal 
register citations over the last two years US EPA has been clear and unambiguous in 
their determinations that: 


 
“…there is currently no evidence to indicate that conazoles share common 
mechanisms of toxicity and EPA is not following a cumulative risk approach 
based on a common mechanism of toxicity…” 
 







Our organizations contend that it would be inappropriate, arbitrary and contrary 
to established scientific opinion for the California Cancer Identification Committee to 
consider triazoles as a single group.  We believe the US EPA’s conclusion that available 
data does not support a determination that these products share a common mechanism 
of toxicity should be considered compelling.  We respectfully request that the CIC 
recommend that the triazole fungicides are not treated as a single class for purposes of 
a carcinogenicity determination under Proposition 65. 
 


If you have questions or  request any additional information please do not 
hesitate to contact our organizations.  
 
Respectfully, 
 
California Farm Bureau Federation 
California Grape and Tree Fruit League 
Imperial Valley Vegetable Growers Association 
Grower-Shipper Association of Central California 
Grower Shipper Association of Santa Barbara and San Luis Obispo Counties 
Ventura County Agricultural Association 
 Western Growers 
 
 
 
Cc: US Triazole Task Force  
 Ann Prichard, Registration Branch Chief, CDPR 
 Chuck Andrews, Associate Director, CDPR 
 Christopher Reardon, Chief Deputy Director, CDPR 








 
 


 
 
September 16, 2011 
 
Ms. Cynthia Oshita  
Office of Environmental Health Hazard Assessment 
P.O. Box 4010 MS-19B 
1001 I Street,  
Sacramento, CA  95812-4010 
 
 
Subject: Response to OEHHA Notice Regarding Prioritization: Chemicals 


for Consultation By the Carcinogen Identification Committee, 
Dated July 22, 2011 
 
Response for Propiconazole 
 


 
 
Dear Ms. Oshita: 
 
On July 22, 2011, OEHHA released a notice announcing a 60-day public comment period for 39 
chemicals to be brought before the Carcinogen Identification Committee (CIC) for prioritization.  
Enclosed you will find a copy of Syngenta’s comments regarding the chemical, propiconazole, and 
any supporting reference documents.   
 
The purpose of the enclosed response is to explain why Syngenta believes the California Office of 
Environmental Health Hazard Assessment (OEHHA) and the CIC should find that the evidence of 
cancer hazard and potential human exposure in California does not warrant further development of 
hazard identification materials.  Therefore Syngenta recommends that propiconazole be assigned a 
“low priority” for further review.   
 
Please contact me at 800-334-9481 ext. 2449 or debbie.stubbs@syngenta.com if you have any 
questions regarding this request.    
 
 
Sincerely, 


 
 
Debbie Stubbs 
Senior Regulatory Manager 
 
Cc:  Artie Lawyer, Technology Sciences Group  


State Regulatory Affairs 
P.O. Box 18300 
Greensboro, NC  27419-8300 
 
Telephone:  (336) 632-2449 
Fax:  (336) 632-2884 
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Syngenta Response to the Proposed Inclusion of Propiconazole on the List of 
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1.0 INTRODUCTION 


The California Office of Environmental Health Hazard Assessment (OEHHA) requested 
public comment regarding the list of chemicals submitted in July 2011 to the Carcinogen 
Identification Committee (CIC) for review.  OEHHA requested CIC to prioritize the 
proposed list to determine which chemicals should proceed to the next stage of the evaluation 
process. 
 
The proposed list of chemicals was developed according to the established Process for 
Prioritizing Chemicals for Consideration under Proposition 65 by the State’s Qualified 
Experts.  According to this procedure, OEHHA applied human and animal data screens to 
chemicals in the tracking database, and performed subsequent toxicological evaluations on 
the selected chemicals that were flagged.  Propiconazole was included with a group of 
chemicals under “Triazole Antifungal Agents”.  The CIC is being asked to advise OEHHA 
on whether triazole antifungal agents as a group, or any individual triazoles, should be 
brought to the committee for a full evaluation of the carcinogenicity evidence at a future 
meeting.  Based on the results of genotoxicity tests and long-term feeding studies in rats and 
mice, propiconazole (CAS No. 60207-90-1) was included on the proposed list to the CIC for 
consideration within the Triazole Antifungal Agents class. 
 
The present document summarizes the design and results of studies relevant to the 
preliminary toxicological evaluation of propiconazole, and provides the rationale and 
evidence that support propiconazole being a low priority for evaluation from the CIC list. 
 
2.0 INAPPROPRIATENESS OF CUMULATIVE RISK 


DETERMINATION FOR TRIAZOLES 


OEHHA is asking the CIC to consider whether the group, Triazole Antifungal Agents, or any 
individual compounds within this group, should be prioritized for a full evaluation of 
carcinogenicity potential and classification under Proposition 65.  Syngenta asserts that it 
would be inappropriate to classify the entire group of chemicals listed in the preliminary 
OEHHA document as a group.  No evidence as to a common mode of action has been 
demonstrated for triazoles, and a range of different biological effects including differing 
tumor types have been reported for the “Triazole Antifungal Agents”.  In addition, some 
triazole fungicides do not cause any tumors in lifetime feeding studies in mice and rats. 
 
This position is also taken by the authoritative body, the U.S. Environmental Protection 
Agency (US EPA).  Specifically, US EPA has repeatedly concluded that there is not 
sufficient scientific evidence to indicate that triazole fungicides share a common mechanism 
of toxicity, and therefore, US EPA does not follow a cumulative risk approach based on a 
common mechanism of toxicity for the various triazoles.  See e.g., 76 Fed. Reg. 27261, 
27266, May 11, 2011; 75 Fed. Reg. 22256, 22259; April 28, 2010; 75 Fed. Reg. 29908, 
29911, May 28, 2010.  The US EPA in its determination of the Human Health Risk 
Assessment for propiconazole has made a similar observation, and has determined that a 
cumulative risk assessment is not appropriate for propiconazole and the triazole fungicides 
(US EPA, 2008).  


Report Number:  TK0089432 Page 5 of 16







 


 
In summary, the triazoles do not exhibit a common mechanism of toxicity.  Considering the 
triazoles as a single group of chemicals sharing a common mechanism of toxicity would be 
contrary to the available scientific evidence regarding these compounds.   
 
3.0 STUDY DATA FOR PROPICONAZOLE 


3.1 Genotoxicity Studies 


Results of known genotoxicity tests with propiconazole are summarized in Table 1. 
Propiconazole (PPZ) is not mutagenic, clastogenic, or DNA damaging in standard in vitro 
and in vivo somatic and germ cell genetic toxicity tests for gene mutations, chromosome 
aberrations, and DNA damage, and for cell transformation in vitro.  A lone study has been 
reported to have a positive response; PPZ was tested for mutagenicity in the Big Blue® 
transgenic mouse assay at a single high oral dose, 2500 ppm, and the mutation frequency in 
the liver, the only organ studied, was reported as positive in Ross et al. (2009).  An 
assessment and further analysis of the studies by Ross et al. is being submitted as a separate 
volume, and the issues raised in this assessment document point to a conclusion that these 
experiments show a lack of mutagenicity with PPZ (Shane et al., 2011). 
 
The separate assessment paper identifies and describes a number of serious concerns 
regarding the reported mutagenicity of PPZ in vivo and its proposed mode of action. These 
include, (1) the unusually low mean mutant frequency of the PPZ-concurrent control group 
compared to a second control group and previous data on control mutant frequencies; (2) the 
low mutation frequency reported for PPZ is well within the historical range of control data; 
(3) the likelihood that some of the mutants identified were formed ex vivo or in vitro; (4) the 
lack of adjustment for clonal expansion of mutants even though it was subsequently shown to 
be present; (5) the absence of a significant change in the PPZ mutation spectrum compared to 
the concurrent control spectrum; (6) the observed pattern of mainly transitions, many of 
which were at CpG sites, and no increase in transversions that fits a pattern of spontaneous 
background mutations; and (7) the absence of evidence for the formation or presence of an 
electrophilic metabolite of PPZ, or resulting DNA adducts or damage.  These concerns call 
into question the reported mutagenicity of PPZ in vivo (Ross et al., 2009).  Overall, the 
genotoxicity database of PPZ indicates that it is not genotoxic. 
 
3.2 24-Month Chronic/Carcinogenicity Study in Rats 


PPZ was administered in the diet of CD Sprague-Dawley rats at concentrations of 0, 100, 500 
and 2500 ppm for 107-109 weeks (Hunter et al., 1982b).  Overall survival was >50% in all 
groups of males at termination and in all groups of females.  Body weight gain and food 
consumption at 2500 ppm were decreased in females throughout the study and in males 
during the first year of the study.  There were no treatment-related increases in neoplastic 
findings in this study. 
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The US EPA has concluded about this study: “In a rat study conducted with acceptable doses 
of propiconazole (0, 100, 500, or 2500 ppm), no tumorigenic response was observed.” (US 
EPA, 2006). 
 
3.3 24-Month Oncogenicity Study in CD-1 Mice 


The EPA Carcinogenicity Peer Review Committee (CPRC) classified propiconazole (PPZ) as 
a Group C – possible human carcinogen and recommended that for the purpose of risk 
characterization the reference dose (RfD) approach should be used and would be protective 
(US EPA, 1992; US EPA, 2006).  This classification was based on results of a 24-month 
carcinogenicity study in mice.  PPZ was administered in the diet of CD-1 male and female 
mice at concentrations of 0, 100, 500, and 2500 ppm for 24-months (Hunter et al., 1982a). As 
shown in Table 2, there was an increase in the number of animals with hepatocellular 
adenomas, carcinomas and combined adenomas plus carcinomas in males at 2500 ppm. In 
contrast, the combined incidence of hepatocellular adenomas plus carcinomas was 
statistically significantly lower than the control value at 100 ppm in the males.  There were 
no observed changes in the incidence of liver tumors in female mice at any feeding level of 
PPZ compared to the control female mice.  A NOEL for tumor response in males was 
observed at 500 ppm. 
 
Treatment-related non-neoplastic effects of PPZ in male mice are shown in Table 3.  The 
dose of 2500 ppm was an excessive dose in this study, based on: 


- Significantly lower survival (25.5%) compared to controls (45.3%). 
- Cumulative body weight gains that were significantly lower than control throughout 


the study, and represented a 42% decrease at week 13 and a 32% decrease at week 52. 
- Liver/body weight ratios that were 120% higher than control at week 53 and even 


greater at week 104. 
- An increase in hepatocyte necrosis at the Week 53 interim sacrifice (severity minimal 


to moderate). 
The hepatocyte necrosis was described in further detail in subchronic studies and shorter-
term studies, and was primarily necrosis of single-cells or small groups of hepatocytes, 
sometimes accompanied by inflammatory cells.  Hepatocyte necrosis was not increased at the 
end of the 104-week study. 
 
Effects on clinical pathology findings that were treatment related included a decrease in 
cholesterol at Week 52, and significantly increased alanine aminotranferase at both Week 52 
and Week 100. 
 
The EPA concluded that the dose of 2500 ppm in this study exceeded the Maximum 
Tolerated Dose (MTD), as summarized in the 2006 HED Chapter of the Re-registration 
Eligibility Decision Document (RED) for propiconazole: 
 


“The CPRC determined that the high dose of 2500 used in the mouse study was 
excessively toxic (based on survival, liver clinical pathology, histopathology and 
body weight and body weight gains) but that the other doses (100 & 500 ppm) were 
not adequate for assessing the carcinogenic potential of propiconazole.  The 2500 
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ppm used in the oncogenicity study exceeded the MTD demonstrated in the 90 day 
study (MRID 42050501 & MRID 42050502) based on the endpoint of hepatic 
necrosis.” 


 
3.4 18-Month Oncogenicity Study in Male CD-1 Mice 


Subsequent to the initial two-year study in mice of both sexes, a second study was conducted 
in male CD-1 mice for 18-months (79 weeks) at feeding levels of 0, 100, 500, and 850 ppm 
(Gerspach, 1999).  The incidence of neoplastic changes in the liver of male CD-1 mice after 
79 weeks of feeding PPZ is shown in Table 4, along with historic control data from 5 control 
groups conducted within 2 years of the PPZ study. The incidence of hepatocellular adenomas 
and combined adenomas plus carcinomas were higher than the concurrent control values at 
the highest feeding level of 850 ppm of PPZ, but comparison to the normal variability in 
historic control values shows  that this was attributable to an unusually low tumor incidence 
in the concurrent control group (2% for adenomas, 2% for carcinomas). The incidence of 
adenomas (6 – 18%), carcinomas (8 – 16%) and combined adenomas plus carcinomas (14 – 
30%) in the historic control CD-1 mouse data generated concurrently from the same 
laboratory highlight the variability that can occur in control incidences.  Similar variability 
and slightly higher ranges of incidence for adenomas and carcinomas in male CD-1 mice 
have been reported in references from this same time period: Adenoma 0-19.2%; Carcinoma 
1.3–11.5% (Lang, 1995) and Adenoma 5.6–26.4%; Carcinoma:  5.7–9.1% (Harada et al., 
1996).  While the incidence of hepatocellular adenoma alone at 850 ppm (20%) is at the top 
end of the historic control ranges, liver tumors in mice are recognized to be a continuum 
between adenomas and carcinomas that can vary based on the diagnostic criteria between 
studies and therefore, comparison of the combined incidence of adenoma plus carcinoma is 
most appropriate to distinguish a treatment-related effect from normal variability.   The 
combined incidence at 850 ppm (24%) was well within the testing laboratory contemporary 
historical control range of 14 to 30%, and 3 of the 5 control studies had values equal to or 
greater than 24%.   
 
In its review of the 79-week study and the additional historic control data that was provided, 
the US EPA has stated that:   
 


“These new data are more consistent with previous historical control data for the CD 
mouse and indicate that the study control in the second mouse study may be low.  The 
tumor incidence observed in male liver at the 850 ppm dose is within the range of the 
new historical data.  However, propiconazole will continue to be classified as possible 
human carcinogen (group C) and for the purpose of risk characterization the reference 
Dose (RfD) approach will continue to be used.” (US EPA, 2006).   


 
4.0 CONCLUSIONS 


In a battery of tests for genotoxicity according to standard regulatory guidelines, 
propiconazole was uniformly negative.  Further examination of one published study that 
reported a positive response in a Big Blue® mouse assay indicates that this study’s results are 
also consistent with the overall pattern that propiconazole is not genotoxic. 
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Considering that a clearly increased incidence of liver tumors was only observed in mice at a 
dose level that was excessive, the strength of evidence that propiconazole would pose a 
significant risk to humans is very weak.  Accordingly, the CIC is encouraged to consider 
these factors in its prioritization decision, and propiconazole would be a low priority for 
consideration under Proposition 65. 
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TABLE 1 Genetic toxicity assays conducted with propiconazole (PPZ) 


 
Test system Genetic endpoint PPZ Reference 
In vitro    
Salmonella (Ames) test point mutations – WHO, 2006 
Yeast (S. cerevisiae) D7 point mutations; mitotic 


recombination 
– WHO, 2006 


Yeast  point mutations  WHO, 2006 
Mouse lymphoma cell test point mutation; 


chromosome aberrations 
– WHO, 2006 


Rat hepatocytes unscheduled DNA (repair) 
synthesis 


– INCHEM, 1987 


Mouse BALB/3T3 cells cell transformation – WHO, 2006 
Human lymphocytes chromosome aberrations – WHO, 2006 
Human fibroblasts DNA repair – INCHEM, 1987 
    
In vivo – non-germ cell    
Salmonella/mouse host 
mediated assay (in blood) 


point mutations – INCHEM, 1987 


Mouse lymphoma cells/ mouse 
host mediated assay (in blood) 


point mutations; 
chromosome aberrations 


– INCHEM, 1987 


Mouse bone marrow micronuclei – WHO, 2006 
Chinese hamster bone marrow micronuclei – WHO, 2006 
Chinese hamster bone marrow sister chromatid exchange – INCHEM, 1987 
Chinese hamster bone marrow nuclear anomalies – INCHEM, 1987 
BigBlue® mouse point mutations +? Ross et al. 2009 
    
In vivo – germ cell    
Mouse dominant lethal test chromosome aberrations – WHO, 2006 
Mouse spermatogonia chromosome aberrations – INCHEM, 1987 
Mouse spermatocytes chromosome aberrations – INCHEM, 1987 


– = Negative results 
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TABLE 2 Liver Tumor Incidence in Male and Female CD-1 Mice in a 
24-Month Carcinogenicity Study with Propiconazole 


  Dietary Level (ppm) 
Males  0 100 500 2500 
Hepatocellular adenoma  12/64   7/64 13/62 23/62*$ 
Hepatocellular carcinoma  16/64   9/64 13/62     25/62 $ 
Hepatocellular adenoma and 
carcinoma 


 28/64     16/64* 26/62 48/62***$ 


Females   0 100 500 2500 
Hepatocellular adenoma  5/64 0/64 2/64 6/64 
Hepatocellular carcinoma  1/64 1/64 0/64 3/64 
Hepatocellular adenoma and 
carcinoma 


 6/64 1/64 2/64 9/64 


*p<0.05; **p<0.01; ***p<0.001. Statistical significant difference from control group using the Fisher’s Exact test 
$ Statistically significant by Peto prevalence test conducted by US EPA, after excluding animals that died before the first 
tumor (US EPA, 1992). 
 


Effects considered treatment-related are highlighted in yellow. 
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TABLE 3 Non-neoplastic Effects of Propiconazole on Male CD-1 Mice in a 
24-Month Carcinogenicity Study 


  Dietary Level (ppm) 
Males  0 100 500 2500 
Survival – excluding interim 
killd 


Week 104 45.3% 37.7% 41.2% 25.5%* 


Cumulative Body wt gain – g 
        (% control)a 


Week 13 14.8 14.0 13.0*** 
(88%) 


8.6 *** 
(58%) 


 Week 52 20.3 19.3 18.5* 
(91%) 


13.9*** 
(68%) 


Cholesterola                                  Week   52 121+27 123+23 103+25     87+50* 
                                             Week 100 114+25 118+65 107+42 164+78 


ALAT (GPT)a                                   Week 52 45±26 46±18 57±33 195±172*** 
        Week 100   58±26   109±126   81±32   358±309*** 
Liver/Body weighta                      Week   53c 0.05 0.05   0.06*    0.11*** 


                                            Week 104 0.07 0.07 0.07 0.18*** 
      
Hepatoctye enlargement 
(hypertrophy) 


Week 53 2/11 4/11 8/11 9/9 


Hepatocyte Necrosis Week 53 0/11 0/11 0/11 4/9 
Inflammatory cell infiltration 
chronic 


Week 53 1/11 0/11 2/11 6/9 


Pigmented Kupffer cells Week 53 0/11 0/11 0/11 3/9 
Hepatoctye enlargement 
(hypertrophy)b 


Week 104 14/64 10/64 39/62*** 54/64*** 


Hepatocyte vacuolationb Week 104 13/64 7/64 11/62 21/64 
Hepatocyte Necrosisb Week 104 5/64 2/64 4/62 7/64 
Inflammatory cell infiltration 
chronicb 


Week 104 32/64 26/64 28/62 46/64** 


Pigmented Kupffer cellsb Week 104 7/64 8/64 8/62 40/64** 
      
*p<0.05; **p<0.01; ***p<0.001. (a) Statistical significant difference from control group using the Student’s t-test; (b) 
Statistical significant difference from control group using the Fisher’s Exact Test; (c) Data log transformed to stabilize 
variances; (d) Survival analysis by Cox’s Method (Cox, 1972) 


Effects considered treatment-related are highlighted in yellow. 
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TABLE 4 Liver Tumor Incidence in Male CD-1 Mice in a 79-Week 
Carcinogenicity Study and Comparison to Historic Control 
Incidences 


  Dietary Level (ppm) Historic 
Control 


Males Week 0 100 500 850 Rangeb 


Hepatocellular adenomaa 
79 1/50 


2% 
0/50 3/50 10/50** 


20% 
 


6-18% 


Hepatocellular carcinomaa 79 1/50 
2% 


3/50 2/50 2/50 
4% 


 
8-16% 


Hepatocellular adenoma and 
carcinomaa 


79 2/50 
4% 


3/50 5/50 12/50** 
24% 


 


 
14-30% 


 Historical Control Incidences (%)b  
Study No. (n=50) 1 2 3 4 5  


       
Hepatocellular adenoma 18% 14% 6% 8% 14%  
Hepatocellular carcinoma 12% 16% 10% 8% 14%  
Hepatocellular adenoma and 
carcinoma 30% 24% 14% 14% 26%  


a Peto Trend Test, ** p<0.01.  
b Historic control data is from 5 control groups (N=50) of male CD-1 mice conducted beginning in 1997 for 18 months, in 
the same laboratory and animal room as the propiconazole study (initiated December 1994, completed 1996). 
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September 20, 2011 


Via Email coshita@oehha.ca.gov 


Ms. Cynthia Oshita  
Office of Environmental Health Hazard Assessment 
1001 I Street, 25th Floor 
Sacramento, California 95814 


Re: Comments on Chemicals Identified for Consultation with the Carcinogen 
Identification Committee (July 2011) – Pimecrolimus and Tacrolimus 


Dear Ms. Oshita: 


On behalf of Astellas Pharma US Inc. (“Astellas”),1 we attach comments regarding 
prioritization of tacrolimus.  This chemical is used exclusively in prescription 
pharmaceuticals used to treat specific, relatively severe conditions.  For reasons summarized 
below and described in more detail in the comments, tacrolimus should be excluded from the 
prioritization process entirely or, if it is prioritized, it should be given a low priority.   
 


• Tacrolimus is a highly-regulated prescription drug with two FDA-approved 
applications:  Prograf®, an immunosuppressant, is administered orally or 
intravenously following liver, heart, or kidney transplants to minimize rejection risk; 
Protopic® Ointment is a second-line product used to treat moderate to severe cases of 
atopic dermatitis when steroids or other therapies have not worked or are not 
advisable. 


• As such, only an extremely limited group of Californians is exposed to the chemical 
and only in connection with required patient informed consent.  


• Tacrolimus is neither mutagenic nor genotoxic.  The association between tacrolimus 
and tumor formation in high-dose toxicological studies is likely related to complete 
immunosuppression.   


• The toxicological and epidemiological data cited by OEHHA do not establish any 
direct mechanism of carcinogenicity.  Several of the cited studies have significant 
methodological flaws.   


• Tacrilomus capsules and injections carry a mandatory boxed warning  labeled 
“Malignancies and Serious Infections” advising providers and patients that  


                                                 
1 Astellas produces Prograf® (tacrolimus capsules and injection) and Protopic® (tacrolimus ointment).  
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OVERVIEW 


Tacrolimus should not be prioritized at all, or should receive a low priority for the following 
reasons:


 The only use of tacrolimus is as an immunosuppressant in two prescription drugs that 
have targeted specific uses:  1) in liver, heart, or kidney transplant recipients; and 2) as a 
second-line therapy for moderate to severe atopic dermatitis when other therapies are 
ineffective or inadvisable.  As such, exposure to tacrolimus occurs solely within the 
context of prescription drug use with informed consent.  


 The U.S. Food and Drug Administration (FDA) has considered all of the data reviewed 
by OEHHA, and mandates specific label language regarding the relationship between 
malignancy and use of tacrolimus.  (See attached labels.)  


 The “Process for Prioritizing Chemicals” adopted by OEHHA (attached hereto) specifies 
that the “prioritization process will not generally be applied to chemicals contained only 
in prescription or over-the-counter medications with mandatory cancer or reproductive 
toxicity warnings approved by the [FDA], based on the California Supreme Court 
decision in [Dowhal.]” 1


In addition to the above, tacrolimus does not meet the Proposition 65 standard for “known to 
the State of California to cause cancer.”  No data suggest that tacrolimus is a direct 
carcinogen or mutagen.  As more fully explained in the comments below: 


 Tacrolimus is neither mutagenic nor genotoxic.  


 Very high doses in toxicological studies induce complete immunosuppression in animals, 
and thereby impair the immune system’s role in inhibiting unrelated carcinogenesis.


 Lower doses produce only partial immunosuppression in animals, and there is no 
association between tacrolimus and an increased incidence of malignancy at these lower 
doses.


 The cited epidemiological study that found an association between topical tacrolimus and
cutaneous T-cell lymphoma in patients with atopic dermatitis has significant 
methodological flaws. Other studies have failed to detect an association.  


                                                          


1 California Environmental Protection Agency, Office of Environmental Health Hazard 
Assessment, Process for Prioritizing Chemicals for Consideration Under Proposition 65 by 
the State’s Qualified Experts, available at 
http://oehha.ca.gov/prop65/crnr_notices/state_listing/pdf/finalPriordoc.pdf 
(visited September 20, 2011), at page 6.  See, also, Paul Dowhal v. Smith-Kline Beecham 
Consumer Healthcare et al. (2004) 12 Cal. Rptr. 3d 262; see also 27 Cal. Code Regs 
§25603.3(c).
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1 NONE OF THE ANIMAL STUDIES ESTABLISHES THAT TACROLIMUS 
IS A DIRECT CARCINOGEN.


An extensive development program evaluated the genotoxic and carcinogenic potential of 
tacrolimus. The following sections provide a brief overview of the mechanism of action of 
tacrolimus,  followed by a description of the mechanisms by which chemicals directly induce 
malignancies and a summary of the studies demonstrating that tacrolimus lacks these 
mechanisms.  Finally, a series of in vivo studies in both rats and mice demonstrated that 
systemic administration of tacrolimus, daily for the lifetime of the animals, was not 
associated with an increased incidence of tumors.


1.1 Tacrolimus Is an Immunosuppressant. 


According to the approved Protopic and Prograf labeling, tacrolimus is postulated to inhibit 
T-lymphocyte activation, possibly by binding to an intracellular protein, FKBP-12.  A 
complex of tacrolimus-FKBP-12, calcium, calmodulin, and calcineurin is then formed and 
the phosphatase activity of calcineurin inhibited.  This effect is hypothesized to prevent the 
dephosphorylation and translocation of nuclear factor of activated T-cells (NF-AT), a nuclear 
component which initiates gene transcription for the formation of lymphokines (such as 
interleukin-2, gamma interferon).  The net result is the inhibition of T-lymphocyte activation 
(i.e., immunosuppression) [Prograf package insert, 2011; Protopic package insert, 2009].


In animals, tacrolimus has been demonstrated to suppress some humoral immunity and, to a 
greater extent, cell-mediated reactions such as allograft rejection, delayed type 
hypersensitivity, collagen-induced arthritis, experimental allergic encephalomyelitis and graft 
versus host disease [Prograf package insert, 2011].


One of the roles that the immune system plays is surveillance for tumor formation.  When the 
immune system identifies malignant cells, a complex series of events occurs culminating in 
the destruction of the tumor cell [Hung et al., 1998; Knutson and Disis, 2005].  Under 
conditions of prolonged and sustained immunosuppression, such as occurs after solid organ 
transplantation, the immune system shows reduced responses to these transformed cells and 
the tumor cells may not be removed [Lee et al., 1999; Gutierrez-Dalmau et al., 2007; 
Dierickx et al., 2011; Rezaei et al., 2011].  It is this reduced clearance of malignant cells 
formed by the action of other environmental factors that leads to the purported increased 
cancer rate seen with cell-mediated immunosuppressants [Lee et al. 1999; Dierickx et al.,
2011; Gutierrez-Dalamau et al., 2007].


This immunosuppressant effect on tumor incidence was demonstrated by Niwa et al. [2003]
who showed that topical application of a known tumor initiator (7,12-
dimethylbenz[α]antracene [DMBA]), plus a second chemical that promotes tumor formation 
(12-O-tetradecanoylphorbol-13-acetate [TPA]), followed by tacrolimus to mouse skin 
resulted in an increased incidence of tumor formation when compared to mice that were 
administered DMBA plus TPA.  However, if tacrolimus, either alone or in combination with 
DMBA, was administered, there was no increase in the incidence of tumor formation,
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demonstrating that tacrolimus was not promoting tumor formation and was not a direct 
carcinogen.  


1.2 There Is No Evidence of Mutagenicity or Genotoxicity.


Preclinical studies demonstrate that tacrolimus is not mutagenic in either bacterial or 
mammalian cell assays.  Tacrolimus did not induce chromosomal damage in either a 
mammalian cell system (CHL cells) or in vivo (bone marrow micronucleus assay).  
Furthermore, tacrolimus does not induce DNA damage, as evidenced by the absence of 
unscheduled DNA synthesis (UDS) by hepatocytes following in vivo administration.  These 
three points (not mutagenic, not clastogenic, and no evidence of DNA damage) underscore 
the absence of a mechanism of action for tacrolimus to be a causative carcinogenic agent.


For a drug or chemical to be a direct or causative carcinogenic agent, it needs to have an 
effect on DNA or on the chromosomes [International Committee on Harmonization, 1997].  
As part of the safety evaluation of tacrolimus, a series of studies were performed to assess the 
genotoxic potential of this drug.  One of the most sensitive procedures to assess if a drug can 
induce mutations is the bacterial reverse mutation test [International Committee on 
Harmonization, 1997].  In this study, using a panel of bacteria, there were no indications that 
tacrolimus was mutagenic.  The absence of mutagenic potential was confirmed in a 
mammalian cell system using Chinese hamster ovary (CHO) cells bearing the one functional 
copy of the hypoxanthine-guanine phosphoribosyltransferase (HPRT) gene.  In this assay 
(CHO/HPRT assay), tacrolimus failed to show mutagenic activity.  These data demonstrate 
that tacrolimus does not induce mutations [Prograf package insert, 2011; Protopic package 
insert, 2009].


However, a drug can have carcinogenic potential without being mutagenic if it can cause 
chromosomal damage.  One standard study performed to assess potential chromosomal 
damage is the chromosomal aberration test [International Committee on Harmonization, 
1997].  This assay, performed in Chinese hamster lung (CHL) cells, has a high level of 
sensitivity but a low level of selectivity [European Food Safety Authority Scientific 
Committee, 2011].  This translates to an increased probability of false positives (drugs 
determined to induce chromosome damage when they do not).  Even with the test bias, 
tacrolimus was not shown to induce chromosomal damage in vitro [Prograf package insert, 
2011; Protopic package insert, 2009].


Next, the effect of tacrolimus on chromosomal damage caused by other agents or 
environmental factors was evaluated.  This possibility was evaluated in Chinese hamster cells 
in vitro.  In this study [GLR990419], two groups of CHL cells pretreated with increasing 
concentrations of tacrolimus (up to 100 mcg/mL) were either maintained in the dark or were 
exposed to ultraviolet (UV) irradiation.  Tacrolimus pretreatment plus UV irradiation did not 
result in an increase in chromosomal structural aberrations when compared to irradiation 
alone.  Cells pretreated with solvent and maintained in the dark showed a reduced frequency 
of chromosomal structural aberrations when compared to cells treated with solvent plus UV 
irradiation, indicating that DNA damage was induced by the level of UV irradiation used in 







Tacrolimus Prioritization Process Comments 


Sep 2011 Page 4 of 11


sf-3047305


the study.  Furthermore, cells treated with tacrolimus and maintained in the dark showed no 
increase in chromosomal structural aberrations when compared to solvent treated cells 
maintained in the dark, confirming the observations from previous CHL chromosome 
aberration study.  Therefore, it is concluded that tacrolimus does not potentiate chromosomal 
injury mediated by exposure to a known DNA-damaging environmental factor.


In order to assess in vivo effects of tacrolimus, two additional studies looking at 
chromosomal damage and repair were performed in animals.  In the first study 
[GLR930076], mice were administered tacrolimus at a dose of 500 mg/kg (equivalent to a 
human dose 200-fold higher than the maximum dose used clinically), the maximum tolerated 
dose and chromosomal damage was assessed in the bone marrow (rapidly dividing tissue) by 
assessing the number of cells with micronuclei.  In this study, tacrolimus did not result in an 
increased frequency of micronuclei, indicating no chromosomal damage in vivo.


To further assess this point, a second in vivo study called the unscheduled DNA synthesis test 
(UDS assay) was performed.  In this study, rats were treated with tacrolimus at the maximum 
tolerated dose (highest dose that can be given without causing serious weight loss or other 
signs of toxicity), the livers collected, and the synthesis of DNA in hepatocytes determined.  
Administration of tacrolimus did not increase DNA synthesis in rodent hepatocytes.  This 
study and the mouse bone marrow micronucleus test described in the previous paragraph 
showed that in vivo, there were no discernable indications of chromosomal or DNA damage 
mediated by the administration of the maximum tolerated dose of tacrolimus [Prograf 
package insert, 2011].


For a drug to cause cancer, it must cause mutations, DNA damage, or chromosomal damage 
[International Committee on Harmonization, 1997].  Two in vitro studies (bacterial reverse 
mutation assay and CHO/HRPT assay) showed that tacrolimus was not mutagenic.  
Furthermore, two in vitro tests (CHL chromosome aberration tests, one with and one without 
UV irradiation) and one in vivo test (mouse bone marrow micronucleus test) showed that 
tacrolimus did not induce or potentiate chromosomal damage.  Finally, one in vivo test (UDS 
assay) also demonstrated that tacrolimus did not induce DNA damage [Prograf package 
insert, 2011; Protopic package insert, 2009].  Taken together, these studies showed that 
tacrolimus had no discernable mutagenic or clastogenic potential.


1.3 Of Available Rodent Studies, Only the Highest Dose Subgroup in One Study 
Showed a Slight Increase in Cancer Incidence.


The carcinogenic potential of tacrolimus was assessed in two rodent studies in which high 
doses of tacrolimus were orally administered daily for extended periods of time.  In the first 
study, mice were orally administered tacrolimus daily at doses up to 3 mg/kg for a period of 
80 weeks.  This dose and route of administration resulted in systemic exposures that were 
9-fold higher than those observed in patients taking oral tacrolimus to prevent solid organ 
transplant rejection.  In this mouse study, tacrolimus administration did not alter the 
incidence of malignancies when compared to vehicle-treated controls [Prograf package 
insert, 2011; Protopic package insert, 2009].
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In the second carcinogenicity study, rats were orally administered tacrolimus daily at doses 
up to 5 mg/kg (3-fold higher than the clinical exposure achieved in patients taking tacrolimus 
to prevent solid organ transplant rejection).  Here, too, treatment of rats with tacrolimus did 
not increase the number of animals bearing tumors when compared to controls.  Furthermore, 
there were no statistically significant differences in the types of tumors present when 
compared to control [Protopic package insert, 2009].  Therefore, this study and the previous 
mouse study both showed that tacrolimus, at systemic exposures 3- to 9-fold higher than 
those observed clinically, was not associated with an increased incidence of cancer [Prograf 
package insert, 2011; Protopic package insert, 2009].


A third carcinogenicity study was performed in mice.  In this study, tacrolimus was topically 
applied to the skin daily for 104 weeks daily at doses up to 118 mg/kg.  Topical 
administration was associated with a minimal incidence of skin tumors and was not 
associated with skin tumor formation under ambient room light.  At the highest dose 
(systemic exposures 26-fold higher than those observed clinically), a statistically significant 
increase in pleomorphic lymphoma and undifferentiated lymphoma was reported [Protopic 
package insert, 2009].


The discrepancy in the data (i.e., no mechanism for carcinogenicity yet a small increase in the 
incidence of lymphoma in mice) can be addressed by 2 main points: 1) level of exposure and 
2) effects of tacrolimus on immune function.  There is no mechanism whereby tacrolimus is a 
direct causative carcinogen.  However, tacrolimus is an immunosuppressant and one of the 
key functions of the immune system is to identify and destroy malignant cells.  Since the 
pharmacologic effect of tacrolimus is to suppress immune function, thereby preventing organ 
rejection (i.e., recognition and destruction of foreign cells), cells that are transformed due to 
exposure to environmental factors (e.g., UV radiation or carcinogenic chemicals) also escape 
immune surveillance and destruction.  The incidence of tumor formation is increased not due 
to a carcinogenic potential but rather due to the failure to remove malignant cells formed by 
naturally occurring processes.


2 TACROLIMUS IS NOT A DIRECT CARCINOGEN.


The increased frequency of malignancies observed in one of the preclinical studies occurred 
with sustained lifetime exposures markedly in excess of the clinical exposures.  Taken 
together, these preclinical studies demonstrated that tacrolimus is not a direct or causative 
carcinogenic agent.


Tacrolimus prevents the transcription of inflammatory cytokines by T-cells after T-cell 
receptor binding by inhibiting calcineurin.  Systemically administered calcineurin inhibitors 
are used in combination with other agents in systemic immunosuppression regimens to 
prevent solid organ transplant rejection.  Calcineurin inhibitors are not direct carcinogens.


2.1 Overview of Immunosuppression and Malignancy in Transplant Recipients.  


Solid organ transplantation (SOT) offers substantial survival benefit for the patients with end-
organ failure [Wolfe, 1999].  It has also been shown to be associated with a significant 
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increase in the incidence and malignancy potential of many cancers.  Several national 
registries like the European Dialysis and Transplant Association-European Renal Association 
(EDTA-ERA) [Brunner et al. 1995], Australia and New Zealand Dialysis and Transplant 
Registry (ANZDATA) [Sheil, 1997], and United States Renal Data System (USRDS) [United 
States Renal Data System, 2003], have shown a 2- to 4-fold increase in the most common 
cancers.  The etiology of post-transplant malignancies is believed to be multifactorial and 
likely involves depressed immune surveillance of neoplastic cells as well as depressed 
antiviral immune activity [Penn, 2000].


Aberrant and potentially malignant cells are continuously generated in any healthy individual 
and are recognized, destroyed, and cleared by the immune system.   To prevent rejection of a 
transplanted organ, transplant patients are treated with medications to suppress their immune 
system permanently, thereby tricking the immune system into not recognizing the 
transplanted organ as a foreign object and destroying it.  This ongoing suppression of the 
immune system is postulated to allow newly formed malignant cells to escape the immune 
surveillance function and develop into tumors.


While there is a good rationale for the increased incidence of cancer in transplant patients, 
and the consensus is that this increase is related to immunosuppression, there are also other 
factors that are recognized as contributing to this risk.  Kidney transplant patients have a 
significant increase in the incidence of malignancies compared to the general population.  
However, even pre-operative patients who are on the waiting list to get an organ have an 
increased incidence of cancer, relative to the general population [Kasiske et al. 2004].  
Patients who are on the waiting list for a kidney transplant are not on immunosuppressants, 
yet their incidence for most cancers is the same as in patients with a kidney transplant.  This
points toward dialysis and uremia being a significant risk factor in these patients.  In fact, 
longer dialysis times are associated with a higher incidence of cancer.  Therefore, while there 
is evidence that immunosuppression contributes to the risk of malignancies in solid organ 
transplant recipients, there are other factors significantly contributing to this risk, namely 
end-stage organ disease in itself.


The intensity and duration of immunosuppression are risks for cancer: the more 
immunosuppression needed to maintain the transplanted organ, the higher the risk of cancer 
[Penn, 2000].  Conversely, when immunosuppression is reduced in response to a cancer, 
cancer progression slows and, in many cases, the cancer may be cured.  The agents used to 
maintain organ transplants differentially impact the risk for cancer by agent.  T-cell depleting 
agents are associated with a higher risk for post-transplant lymphoma [Penn, 2000].


The cumulative evidence suggests that while all immunosuppressive agents may be 
associated—although not causally related—with a higher cancer risk, some agents like 
azathioprine, cyclosporine, and the T-cell depleting antibodies are associated with a higher 
risk than other agents [Kasiske et al. 2004].







Tacrolimus Prioritization Process Comments 


Sep 2011 Page 7 of 11


sf-3047305


2.2 Epidemiological Data Related to Topical Application Does Not Establish 
Carcinogenicity.


Tacrolimus, administered topically as Protopic®, is indicated for the treatment of moderate to 
severe atopic dermatitis. The systemic exposure of patients with atopic dermatitis (AD) 
treated with Protopic is approximately 30-fold (AUC) less than the exposure of transplant 
recipients treated with Prograf [Protopic package insert, 2009].  


As noted in a recent review article which assessed cancer risk related to AD and the use of 
tacrolimus and another topical calcineurin inhibitor, pimecrolimus, understanding the relation 
among AD, treatment of AD with topical calcineurin inhibitors or other treatments, and the 
risk of specific cancers poses significant challenges [Tennis et al. 2011].  These authors note 
that distinguishing “possible causal roles of AD and topical calcineurin inhibitors (TCI) in 
lymphoma and skin cancer exemplified the classic pharmacoepidemiologic problem of 
confounding by indication, where the disease being treated may increase the risk of the 
outcome under study.”


Two epidemiologic studies have identified an increased risk for all cancers, particularly 
lymphoma, in untreated patients with AD when compared to the general population 
[Hagstromer et al. 2005; Arana et al. 2010].  AD severity or markers of disease severity (e.g., 
referral to a dermatologist, frequent healthcare or hospitalization for AD) have been 
identified as factors associated with an increased risk of lymphoma.  Patients with indicators 
of severe disease have a relative risk for the diagnosis of lymphoma of 2.4 to 3.7 when 
compared to the general population [Arellano et al. 2007; Arellano et al. 2009; Tennis et al.
2011].  


Patients diagnosed with severe AD, particularly those who fail to respond to topical 
corticosteroids, are candidates for tacrolimus ointment treatment.  The use of tacrolimus 
ointment in patients with severe disease underscores the need to control for disease severity 
in pharmacoepidemiologic analyses which aim to parse the relationship among AD, topical 
calcineurin inhibitor use, and malignancy. 


Hui et al. [2009] studied the rates of malignancy in the Northern California Kaiser-
Permanante data set and  reported no increased overall risk of malignancy; however, a post 
hoc analysis suggested an association of AD and topical calcineurin inhibitor use with the 
risk of T-cell lymphoma in mostly cutaneous cases (cutaneous T-cell lymphoma [CTCL]).  
The number of T-cell lymphoma cases reported was small, and disease severity was not 
controlled for in this study.  


CTCL, a T-cell lymphoma, presents as an eczematous dermatitis and is typically 
misdiagnosed as AD for years prior to diagnosis.  One possible explanation for the observed 
increased hazard rate of T-cell lymphoma reported by Hui and colleagues [2009] is that some 
of the TCI-treated patients may have been misdiagnosed with AD before being diagnosed 
with CTCL.  This hypothesis is supported in studies conducted by Arellano et al. [2009] and 
Schneeweiss et al. [2009].  Arellano and colleagues [2009] showed a strong association 
between the use of topical corticosteroids and non-Hodgkins lymphoma with skin 
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involvement odds ratio (OR) for topical corticosteroid use greater than 30 days ranged from 
15 to 83.  Schneeweiss reported a rate ratio of 2.5 (95% CI: 1.0 to 6.7) for cutaneous 
lymphoma incidence in patients treated with high-potency topical corticosteroids when 
compared with those treated with medium-potency topical corticosteroids.  Tennis and 
colleagues [2011] note that the finding of an association of cutaneous lymphoma in patients 
with AD and topical corticosteroid use is consistent with a “reverse causation” hypothesis,
i.e., early manifestations of undiagnosed lymphoma lead to treatment for a skin condition.


In summary, although Hui et al. [2009] suggested an increased risk of lymphoma, particularly 
T-cell lymphoma, in patients with AD treated with topical calcineurin inhibitors, including 
tacrolimus ointment, the data reported across studies do not demonstrate a causal 
relationship.


2.3 FDA’s Pediatric Advisory Committee Concurs That the Available 
Epidemiological Data for Topical Tacrolimus Is Inadequate.


Since Protopic’s approval, the FDA has reviewed the data relating to carcinogenicity and 
confirmed the adequacy of the labeling during Pediatric Advisory Committee (PAC) 
Meetings.  The most recent PAC meeting held on May 16, 2011 focused on the 
epidemiologic literature review of TCI and malignancy (6 studies), of which 4 studies 
included an analysis of lymphoma, including studies discussed in Section 2.2.  FDA’s Office 
of Surveillance and Epidemiology concluded that the possibility of an association between 
TCI use, particularly topical tacrolimus, and an increased risk of CTCL exists; however, 
potential study biases and confounding remain possible explanations for this observed 
association.  FDA identified a number of limitations of the studies including misclassification 
of cases, short duration (< 2.5 years) given the outcome of cancer, other study biases 
(protopathic bias) and confounders (indication, severity), and limited generalizability to the 
pediatric population (few cases and limited information on these cases). 


In the public comment forum, Dr. Lawrence Eichenfield, Professor and Chair of 
Dermatology at the University of California, San Diego, speaking on behalf of the American 
Academy of Dermatology Association and Society for Pediatric Dermatology, also 
questioned the rationale behind the current warning for topical calcineurin inhibitors and the 
possibility that it could in fact be harmful by steering treatment towards use of oral 
immunosuppressants.  It was the prevailing PAC opinion that the epidemiologic literature 
does not provide sufficient data to assess risk of malignancy associated with the use of 
Protopic, and that Protopic and Elidel labels and Medication Guides adequately reflect the 
risk for malignancies.


3 VERY FEW CALIFORNIANS ARE EXPOSED TO TACROLIMUS.


Prograf is indicated for the prevention of graft rejection after solid organ transplantation. 
There are approximately 18,500 transplant recipients in California each year, only some of 
whom receive Prograf [US Quick facts, 2011].  
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With respect to Protopic, the number of patients in California with the moderate to severe 
form of AD for which other therapies are ineffective or inadvisable is low.  Although precise 
figures are unavailable, they are certainly well below 1% of all Californians.  


4 FDA LABELING ADEQUATELY ADDRESSES RISKS TO THE EXPOSED 
POPULATION.


Current Prograf labeling includes risk information in Box Warning, Indications and Usage, 
Dosage and Administration, Dosage Forms and Strengths, Contraindications, Warnings and 
Precautions, Adverse Reactions, Drug Interactions, Use in Specific Populations, Overdosage, 
Description, Clinical Pharmacology, Nonclinical Toxicology, Clinical Studies, How 
Supplied/Storage and Handling, and Patient Counseling Information sections.  This FDA-
approved labeling adequately describes the risks of malignancy associated with systemic 
exposure of patients treated with Prograf.


Similarly, the Protopic labeling includes risk information in the Description, Clinical 
Pharmacology, Clinical Studies, Indications and Usage, Contraindications, Warnings 
(including Box Warnings), Precautions, Adverse Reactions, Overdosage, Dosage and 
Administration, and How Supplied.  All patients prescribed Protopic also receive a 
Medication Guide that includes risk information.  This FDA-approved labeling adequately 
describes the risks of malignancy associated with topical exposure of patients treated with 
Protopic


Given the FDA labeling and the data described in this briefing document, the risk of 
malignancy has been adequately addressed and does not support inclusion of tacrolimus in 
the list of carcinogens identified under Proposition 65.  Should OEHAA believe that 
tacrolimus is a potential carcinogen, the data indicate that tacrolimus should be categorized as 
a low priority for preparation of hazard identification materials. 
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September 20, 2011 
 
 
 
Ms. Cynthia Oshita 
Office of Environmental Health Hazard Assessment 
Post Office Box 4010, MS-19B 
Sacramento, CA 95812-4010 
 
Re: Comments on Prioritization of Chemicals for Consultation by the Carcinogen 
Identification Committee – Bisphenol A 
 
 
Dear Ms. Oshita: 
 
The Toy Industry Association, Inc. is the trade organization of the North American toy 
industry, representing more than 550 manufacturers, retailers, and service providers, all 
working together to provide safe, high-quality playthings for America’s children. TIA has 
been a leader in promoting toy safety since the 1930s, and continues to do so today. 
 
I write to you today to offer comments on behalf of the toy industry in response to the 
OEHHA notice of July 22, 2011 (Prioritization: Chemicals for Consultation by the 
Carcinogen Identification Committee). Our comments are limited to the prioritization 
of bisphenol-A (“BPA”). 
 
While the toy industry does not manufacture BPA or polycarbonate plastic (the 
production of which accounts for the majority of BPA use), we are users of 
polycarbonate in the production of end products, and concerned that a listing of this 
chemical will amount to a de facto ban of polycarbonate in children’s products. This 
would be most unfortunate, as polycarbonate offers a balance of physical properties 
such as extreme impact resistance and lack of notch sensitivity which makes it uniquely 
suited for protective gear (e.g. helmets and safety goggles) as well as toys requiring 
high impact strength. 
 
Based on the extensive scientific data available, we recommend that BPA be 
designated as a low priority for preparation of hazard identification materials by OEHHA 
and further consideration by the CIC. This recommendation is based on the following 
facts: 


1) Recent comprehensive reviews by such authoritative bodies as the US FDA, the 
European Food Safety Authority and the European Chemicals Bureau, the Japan 
AIST, and the World Health Organization have all concluded that there is no 







 


reason to expect BPA to have any potential for carcinogenicity; a sample 
comment from the ECB is: “Taking into account all of the animal data available 
the evidence suggests that BPA does not have carcinogenic potential.” 
 


2) While we do not consider the US National Toxicology Program to be an 
authoritative body in the same sense as the above agencies (as its conclusions 
include substances suspected to cause cancer-often based on scant evidence- 
whereas Proposition 65 is required to deal with substances known to the State of 
California to do so), recent NTP two-year bioassays have found no compelling 
evidence of carcinogenicity. 
 


3) Evaluations of BPA in bacterial reverse mutation (Ames) tests have consistently 
produced negative (i.e., non-genotoxic) results, and standard in vitro mammalian 
genotoxicity studies (conducted under OECD guidelines) of BPA have generally 
indicated a lack of mutagenic and clastogenic activity. 
 


4) Most consumer exposures to BPA occur from residual amounts in polycarbonate 
and epoxy resins; residual levels are typically well below 100ppm and essentially 
non-migrating (typically <1ppb for polycarbonate). In addition, any BPA ingested 
orally (by far the primary exposure route) is rapidly converted to conjugates 
(largely the sulfate and glucuronide, neither of which is biologically active) and 
quickly excreted in the urine.  


 
 


We thus urge OEHHA to assign to BPA a very low priority for both preparation of hazard 
identification materials and for further consideration by the CIC. We would like the thank 
OEHHA for the opportunity to comment on this topic, and would be happy to provide 
any additional information needed.  
            
If you have any questions, please do not hesitate to contact me at (646) 520-4868 or 
akaufman@toyassociation.org. 
 
Thank you.  
 
 
Sincerely, 
 


 
Alan P. Kaufman 
Senior Vice-President, Technical Affairs 








o BASF
The Chemical Company


September 20, 2011


Ms. Cynthia Oshita
Proposition 65 Implementation
Office of Environmental Health Hazard Assessment
California Environmental Protection Agency
1001 I Street
Sacramento, CA 95814


Re: Prioritizing Chemicals for Consultation by Carcinogen Identification Co~mnittee
Dinitroaniline Pesticide Pendimethalin Should be Low Priority ~


Dear Ms. Oshita:


BASF Corporation, a manufacturer of the dinitroaniline pesticide pendimethalin, believes that the Proposition
65 Carcinogen Identification Committee should assign pendimethalin as a low priority for hazard
identification.


Pendimethalin is classified as a "possible human carcinogen" by US EPA, as based on induction of one
benign tumor type in one mammalian species (rat). Further, the US EPA has stated that "There is no
evidence ofwogression to malignancy." In addition, several regulatory authorities (including US EPA) have
concluded that the compound is not genotoxic. Information substantiating these statements is provided in the
attachment.


These facts represent scientific evidence indicating that pendimethalin does not represent a chemical that
causes invasive cancer in animals or in humans. In addition, collective evidence from Human Epidemiology
Data (several papers from the Agricultural Health Survey) indicate no clear association of lifetime
pendimethatin exposure with overall cancer incidence or with specific cancer sites.


For these reasons, we respectfully support pendimethalin as being considered low prioritization for hazard
identification. BASF further requests that pendimethalin be prioritized independently of other dinitroaniline
pesticides, which may have mammalian toxicological profiles that are dissimilar to pendimethalin.


Sincerely,


Frederick Hess, Ph.D.
Global Product Steward
Mammalian Toxicology


FI~rp
A~achment


BASF Corporation
26 Dav~s Drive
Research Tdangle Park, N.C. 27709
Tel: (919) 547-2881 Helping Make Products Better ®







Executive Summary for Request to the Carcinogen Identification Co~nmittee (CIC)
for Low Prioritization of Diuitroaniline Pendimethalin under Proposition 65


Pendimethalin is being brought to the Carcinogen Identification Committee (CIC) for
prioritization in the October 12-13 2011 meeting. BASF is providing colnments that
demonstrate pendimethalin should receive low prioritization.


1.) Genotoxicity


The OEHHA summary states that pendimefl~alin is positive in an in viO’o Salmonella
mutation assay. However, several documents from the US EPA and other competent
regulatory authorities conclude that peudimethalin is not genotoxic.


US EPA (1997)


"There are acceptable studies to satisfy the initial mutagenicity testing requirements for
all three categories (gene mutations, structural chromosomal aben’ations, and other
genotoxic effects). The Carcinogenicity Peer Review Conunittee concluded that
pendimethalin was not mutagenic in mammalian somatic cells and germ cells. No other
mutagenicity studies are required at this time."


US EPA (2006, 2009, 2010)


Pendimethalin was "not mutagenie in mammalian somatic cells and germ cells."


European Commission (2003) and International Agency for Research on Cancer
(2003)


Pendimethalin had "uo genotoxic potential."


EU Member States / Sweden (2008) ; Spain (2009) ; Denmark (2010) -


"The genotoxic potential of pendimethalin was investigated in a battery of tests both in
vio’o (assays for gene mutation, cba’omosomal aben’ation and unscheduled DNA
synthesis) and in vivo (mouse bone marrow micromMeus test and alkaline elution assay
in rat). All the tests were negative. Taking all the results into consideration pendimethalin
was regarded as a non-genotoxic substance."







2.) Animal Bioassay Data


OEHHA summarized the results from rat and mouse bioassays on pendimethalin. There
was no evidence of a treatment-related increase in mouse tumors but there was all
increase in benign rat thyroid follicular cell tumors. However, as indicated in several
EPA documents, the Agency has classified pendimethalin as only a Group C "possible
human carcinogen."


U.S. EPA (1992)


Classified pendimethalin’s carcinogenic potential as "Group C - possible human
carcinogen and recommended that for the purpose of risk characterization the Reference
Dose (RID) approach should be used for quantification of human risk."


"There is no evidence of progression to malignancy."


U.S. EPA (1997, 2006, 2009, 2010)


"Pendimethalin is classified as a "Group C", possible human carcinogen, based on a
statistically significant increased trend and pair-wise comparison between the high dose
group and controls for thyroid follicular cell adenomas in male and female rats. A non-
qnantitative approach (i.e., non-linear, RID approach) was recorrmaended by the Cancer
Peer Review Committee since mode of action studies are available that demonstrate that
the thyroid tumors are due to a thyroid-pituitary imbalance."


"EPA has also determined that the traditional 10X uncertainty factor to account for
interspecies variation may be reduced to 3X for these subclu’onic and chronic exposures,
since it has beeu established that rats are more susceptible to thyroid effects than
humans."


European Commission (January 2003). Member States confirmed / Sweden (2008);
Spain (2009); Denmark (2010).


For long-term toxicity studies "in rats increased incidence of thyroid adenomas was noted
at MTD (max tolerable dose). This effect was not relevant for humans."


Conclusion:


Pendimethalin ~vas demonstrated to increase only one benign tumor type in one species.
Other data clearly demonstrate that pendimethalin is not genotoxic and produces the
thyroid tumors by a well-known tln’eshold mode of action. Rats have been demonstrated
to be much more sensitive to this mode of action than humans. Considering all of this
information, the EPA listed pendimethalin as only "a possible human carcinogen."
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3.) Human Epidemiology Data - [fi’om Agricultural Health Survey (AHS)]


OEHHA stated that pendi~nethalin was deter~nined to have an increased risk for lung
cancer and pancreatic cancer as indicated in papers published from the Agricultural
Health Study (AHS). However, the lung tumor data have been refuted and the pancreatic
tumor data is inconclusive.


a.) Lung Cancer


In the paper by Alavanja et al (2004), an increased risk for lung cancer was observed in
the highest lifetime exposure group. However, this finding was not repeated in a later
study by Hou et al (2006). The Hou et al paper states:


"Overall cancer incidence did not increase with increasing lifetime pendimethalin use,
and there was no clear evidence of an association between pendimethalin use and risks
for specific cancers."


"The evidence for an increase in lung cancer risk among subjects with increasing
pendimethalin exposure is inconclusive aud based on elevated RRs only among subjects
in the upper half of the top tertile using the lifetime-days exposure metric. The findings
for lung cancer risk in the present study were weaker than those reported in the previous
Agricultural Health Study analysis."


"Furthermore, some subjects may have had inaccurate recall of pesticide use, thereby
introducing exposure misclassification. For instance, in the present study, a few subjects
(n = 19) ~vho reported no overall pesticide use did report some pendimethalin exposure."


Several additional limitations, which were stated in the Hou et al (2006) paper and also
mentioued in the Alavanja et al (2004) paper, are noteworthy:


"The intensity algoritlmas in this study were based on a literature review and not on direct
measurements of exposure made within the study cohort."


"These weighting factors heavily emphasize dermal absorption over inhalation and other
exposure routes." [2004 paper: "... dermal absorption over respiratory exposure, which
may be generally appropriate but may be less appropriate for a study of lung cancer
etiology."]


"Finally, we are unable to evaluate time-dependent exposures and risk because follow-up
of this cohort is relatively short (7.5 years)."


Hou et al (2006) Conclusion:


"We did not find a clear association of lifetime pendimethalin exposure either with
overall cancer incidence or with specific cancer sites."







b.) Pancreatic Cancer


In a paper by Andreotti et al (2009), a statistically sigaaificant difference occurred for
"Odds Ratios and 95% Confidence Intervals" for an associatiou between pancreatic
cancer risk in relation to "intensity-weighted" pendimetbalin exposure.


However, the Discussion of the paper indicates that the association is inconclusive:


Discussion: "Because we examined several pesticides with biological effects in humans
that are unclear ..., these findings should be considered hypothesis generating and in
need of confirmation."


Additional BASF Comments:


i) There is no evidence from extensive Animal Data to support biological plausibility.


ii) The assessment of "estimated exposure" is based on individual recollection of product
use and not on direct measurement of exposure.


iii) The paper does not clarify and provide information for how many applicators were
moderate-to-heavy cigarette smokers versus how many were light smokers.


iv) The paper does not clarify nor provide information for how many applicators had
long-standing diabetes and/or long-standing obesity.


Conclnsion - It is highly implausible at this time to suggest a causal association of
increased pancreatic cancer risk with potential pendimethalin exposure. This hypothetical
association does not appear to be supported by either scientific data or biological
evidence. The paper offers caution to the reader that: "these findings should be
cousidered hypothesis generating and in need of confirmation."


BASF Overall Conclusions


The information provided above presents reasons why Low Pfioritization for
carcinogenicity identification is appropriate for the dinitroaniline, pendimethalin. The
conclusions drawn by Authoritative bodies regarding pendimethalin’s toxicological
profile for Genotoxieity Data and Animal Data (including Bioassay Results) indicate that
this compound does not represent a chemical that causes invasive cancer in mfimals or in
humans. In addition, collective evidence from Human Epidemiology Data (AHS papers
- 2004/2006/2009) indicate no clear association of lifetime pendimethalin exposure either
with overall cancer incidence or with specific cancer sites.


Therefore, the CIC should consider Low Prioritization for peudimethalin when
identifying compounds for purposes of carcinogenicity under Proposition 65.
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    September 20, 2011 
 
   Dinitroaniline Pesticides as a Class 


Proposition 65 Prioritization: 
Inappropriate to Group these Different Compounds for Prioritization 


 
Ms. Cynthia Oshita 
Proposition 65 Implementation 
Office of Environmental Health Hazard Assessment 
1001 I Street 
Sacramento, CA  95814 
 
Dear Ms. Oshita, 
 
On behalf of BASF Corporation, Dow AgroSciences, LLC, and Syngenta Crop Protection, LLC, we 


are providing comments to the Cancer Identification Committee (CIC) for their consideration in 


the prioritization of “Dinitroaniline Pesticides” as a single group under California’s Proposition 


65.  This group of active ingredients has different toxicological profiles, an assertion is 


supported by the conclusions and actions of the US Environmental Protection Agency (US EPA), 


an authoritative body under Proposition 65.  Therefore, we request that the CIC consider and 


prioritize these active ingredients not as a group but as separate compounds.  


 
The “Dinitroaniline Pesticides” group includes the active ingredients prodiamine, trifluralin, 


pendimethalin, ethalfluralin, benfluralin, and oryzalin.  With the exception of oryzalin, which is 


classified by the US EPA as “Likely to be Carcinogenic to Humans” and is listed as a carcinogen 


under Proposition 65 via the Authoritative Bodies mechanism, none of the active ingredients 


has been classified by the US EPA (or any other regulatory authority) as either a “known”, 


“likely” or “probable” carcinogen.  Accordingly, none of these active ingredients has been 


considered previously under Proposition 65.  


As required under federal law, in the last decade, the US EPA has evaluated whether to 


consider the carcinogenic potential of structurally similar compounds as cumulative (related).  


Accordingly, in recent decisions by the US EPA where these potential cumulative impacts have 
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been considered, the US EPA has concluded that dinitroaniline compounds should be 


considered separately, not cumulatively, regarding their carcinogenic potential.  For example, 


the most recent “RED” evaluation, for benfluralin (20041), concluded that: 


“Unlike other pesticides for which EPA has followed a cumulative risk approach 
based on a common mechanism of toxicity, EPA has not made a common 
mechanism of toxicity finding for benfluralin and any other substances.” 
[Benfluralin RED, page 24, emphasis added] 


Similarly, in the recent document from the US EPA on one of these compounds, US EPA (20092), 
the authoritative body concludes that: 
 


“Unlike other pesticides for which EPA has followed a cumulative risk approach 


based on a common mechanism of toxicity, EPA has not made a common 


mechanism of toxicity finding as to pendimethalin and any other substances 


and pendimethalin does not appear to produce a toxic metabolite produced by 


other substances.  For the purposes of this tolerance action, therefore, EPA has 


not assumed that pendimethalin has a common mechanism of toxicity with 


other substances." [US EPA, 2009, emphasis added] 


We therefore request that the CIC consider the priority for each of the “Dinitroaniline 


Pesticides” separately.  These structurally similar compounds do not have common toxicological 


profiles. 


Comments on each of the ”Dinitroaniline Pesticides” are being submitted separately to the CIC 


by  BASF, Dow AgroSciences, and Syngenta. 


We appreciate your consideration of our request. 


Sincerely, 
 


 


                                                           
1
 Benfluralin: Reregistration Eligibility Decision (RED).  US Environmental Protection Agency.  Office of Pesticide 


Programs.  July, 2004. 
2
 Pendimethalin: Human Health Risk and Exposure Assessment.  for Proposed Section 3 Registration for use on 


Grasses for Seed Production and Dormant Bermudagrass Pasture and Hay Fields” October, 2009. 
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September 20, 2011 
 
 
 
Members of the Carcinogen Identification Committee 
 
Ms. Cynthia Oshita  
Office of Environmental Health Hazard Assessment  
P.O. Box 4010, MS-19B 
Sacramento, California 95812-4010 


 
Re: Prioritization of Butylated Hydroxytoluene (BHT), in “Prioritization: Chemicals for 
Consultation by the Carcinogen Identification Committee” [Notice, 7/22/11] 
  


Dear Chairperson Mack, Members of the Carcinogen Identification Committee (CIC), and Ms. 
Oshita: 
 
On behalf of a BHT Coalition made up of the Grocery Manufacturers Association, the Personal 
Care Products Council, the Consumer Specialty Products Association and the North American 
Metal Packaging Alliance in Washington, DC, I am writing to recommend that Butylated 
Hydroxytoluene (BHT) be given a “No Priority” or “Low Priority” for further 
carcinogenicity review by the CIC.  As described below, the coalition’s member companies use 
BHT in a large number of various food and consumer products.   
 
The subject notice announced the beginning of a 60-day public comment period on 39 chemicals, 
including BHT, and these chemicals will be discussed at the October 12-13, 2011 meeting of the 
CIC.  Following this submission, I can provide electronic copies of any references cited herein 
(those not included in the OEHHA 3-page “Summary Document” for BHT), so they can be made 
available to CIC members upon request.  However, I have included with my submission key 
selected articles most critical to my evaluation.    
 
By way of my background for evaluating the carcinogenicity of BHT, I served as Chairman of 
the Toxicology Subgroup of the International Life Sciences Institute-Nutrition Foundation’s 
(ILSI-NF) Antioxidant Technical Committee from 1984 to 1991.  Our Committee was involved 
in a significant, global scientific effort going back to the early 1980’s in examining the safety of 
various food antioxidants, including BHT, as well as sponsoring major research studies.  The  
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Committee sponsored a major symposium on Food Antioxidants: International Perspectives 
April 21-23, 1986 in Washington, DC and the proceedings were subsequently published in a 
special issue of Food and Chemical Toxicology in late 1986 (see References).  This effort helped 
to confirm BHT’s continued safe use globally in foods as well as the absence of carcinogenicity 
concern by worldwide regulatory agencies.  Our Committee was very actively involved in 
Proposition 65 listing and risk assessment activities on butylated hydroxyanisole (BHA), a 
related antioxidant that was listed in 1990 by the Authoritative Bodies listing mechanism. 
 
I have carefully reviewed OEHHA’s 3-page “Summary Document” for BHT as well as the 
extensive, historical background literature on BHT’s possible carcinogenicity, and I appreciate 
this opportunity to offer the following comments for your consideration.   
 


EXECUTIVE  SUMMARY 
 


Butylated Hydroxytoluene (BHT) should be given a “No Priority” or a “Low Priority” for 
further carcinogen listing consideration for the following reasons:  
 


1. No Authoritative Body has Classified BHT as Causing Cancer:  BHT has not been 
formally identified as causing cancer by any of Proposition 65’s five Authoritative 
Bodies, including the U.S. National Toxicology Program (NTP), the International 
Agency for Research on Cancer (IARC) or the U.S. Food and Drug Administration 
(FDA).  BHT does not meet any of the “Sufficient Evidence” of carcinogenicity criteria 
required by an Authoritative Body listing.   


 
2. FDA and EPA Permit Many Regulated and Approved Uses of BHT in Food, 


Cosmetic, Other Consumer Products and Pesticides:  BHT has been thoroughly 
evaluated for its carcinogenic potential and has been found safe by both FDA and EPA, 
two of Proposition 65’s Authoritative Bodies, at current permitted use levels in many 
products.  If FDA had ever determined BHT to be an animal or human carcinogen, the 
Delaney Clause of the Food Additives Amendment of 1958 would have necessitated its 
banning for food uses.    


 
3. BHT has not been Shown to be an Animal Carcinogen in Numerous Lifetime Oral 


Bioassays:  BHT has been tested up to extremely high doses in numerous chronic oral 
carcinogenicity bioassays in various species of rats and mice.  None of these bioassays, 
alone or taken together, presents credible scientific evidence that BHT causes cancer in 
experimental animals.  Where hepatocellular tumors have been observed in two bioassays 
due to BHT treatment, many expert reviewers have dismissed this finding of liver 
tumorigenicity for reasons noted in my subsequent “Detailed Evaluation” section.        


 
4. Only One Epidemiological Study is Available for BHT Evaluation:  I disagree with 


OEHHA that no published studies or data are available in the epidemiologic literature to 
evaluate BHT’s possible carcinogenicity in humans.  One such study, an investigation 
conducted by the widely recognized Netherlands Cohort Study group, found no 
significant association with stomach cancer risk for the usual intake of low levels of BHA 
and BHT.  
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5. BHT is Widely Considered to be Non-Genotoxic:  Based upon extensive published 


reviews of BHT’s genotoxicity database, it is concluded by most experts that the weight 
of the evidence confirms that BHT is not genotoxic.  The overwhelming majority of 
published BHT genotoxicity studies has reported negative results in both in vitro and in 
vivo test systems.  In addition, the effect of BHT on the genotoxicity of many well-known 
genotoxic agents has also been extensively investigated, and it appears that a large 
majority of about 55 separate endpoints shows BHT in combination with other agents to 
be decreasing their genotoxic activity.  


 
6. BHT Can Inhibit and Promote Tumorigenicity when Administerd with Known 


Carcinogens and Mutagens:  BHT has been extensively studied for its ability to 
moderate the animal tumorigenicity of a very large number of known carcinogens and 
mutagens.  Almost 100 such endpoints have been reported in the literature, and it appears 
that there is a fairly equal distribution between the inhibitory and promotional effects of 
BHT.  It is important to note, however, that since there is a huge variety of animal 
species, doses, routes of exposure, timing of BHT administration and other experimental 
factors, it is difficult to come to a definitive conclusion about inhibition vs. promotion.  
Because of the reported concern over animal liver tumorigenicity, Dr. Williams’ research 
group reported a series of studies with well-known liver carcinogens and found that BHT 
actually reduced the tumorigenic effects of these carcinogens in the liver.      


 
7. Structure Activity Considerations - BHT vs. BHA:  While both antioxidants do have 


chemical structure similarities, BHA was classified by IARC as Group 2B, “possibly 
carcinogenic to humans” based on “sufficient evidence” in experimental animals.  BHT, 
on the other hand, was classified by IARC as Group 3, “not classifiable as to its 
carcinogenicity to humans” based on “limited evidence” in experimental animals.  
Furthermore, the NTP Report on Carcinogens classified BHA as “reasonably anticipated 
to be a human carcinogen,” while the same report does not include BHT.  Therefore, 
BHT’s structural similarity to BHA does not adequately predict its carcinogenic effects.      


 
8. Gary Williams, M.D. has Published a Comprehensive Safety (Hazard) Assessment 


of BHT (1999) and has Concluded that BHT does not Pose Any Cancer Hazard to 
Humans:  Dr. Williams and his colleagues were extensively involved in BHT 
experimental animal and genotoxicity studies during the 1980’s and early 1990’s.  Their 
hazard assessment review paper supports the conclusion that the use of BHT as a food 
additive does not pose any cancer hazard to humans. 


 
 


DETAILED EVALUATION OF BHT 
 
1. No Authoritative Body has Classified BHT as Causing Cancer  
 
BHT has never been formally identified as causing cancer by any of Proposition 65’s five 
Authoritative Bodies, including the U.S. National Toxicology Program (NTP), the International 
Agency for Research on Cancer (IARC) or the U.S. Food and Drug Administration (FDA).  
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OEHHA pointed out in their Prioritization background materials that “Candidate chemicals that 
are candidates for listing via an administrative listing mechanism were not screened.”  I agree 
with OEHHA that BHT does not qualify as a candidate for an Authoritative Body listing, since it 
does not meet the criteria of “Sufficient Evidence” of carcinogenicity required by an 
Authoritative Body listing (27 CCR Section 25306):   


 
a. The NTP reported on a chronic lifetime carcinogenicity bioassay of BHT in 1979, and 


concluded that “…under the conditions of this bioassay, BHT was not carcinogenic for F344 
rats or B6C3F1 mice.”  The animals were fed doses of either 3,000 or 6,000 ppm and showed 
“no evidence” of carcinogenicity in male or female rats or mice.   


 
b. BHT has also never been classified as a carcinogen in the NTP Report on Carcinogens 


(NTP, 2011).    
 


c. IARC (1986) concluded in their most recent evaluation of BHT, a 1986 Monograph Report, 
that BHT was classified as Group 3, “not classifiable as to its carcinogenicity to humans…” 
based on “limited evidence” in experimental animals and the absence of any available data to 
evaluate the carcinogenicity to humans.  IARC’s conclusion did take into consideration the 
published results of the Olsen et al. (1986) lifetime carcinogenicity study in male and female 
Wistar rats, cited by OEHHA as evidence of having a carcinogenic effect.  IARC dismissed 
the liver tumors observed in the Olsen study because of large differences in survival between 
control and treated groups, resulting from BHT’s action in extensively prolonging the lives of 
the treated animals well past the time of natural deaths of control animals (see discussion in 
section 3 below).    


 
d. FDA extensively evaluated the carcinogenicity of BHT during the second half of the 1980’s 


and early 1990’s.  The agency concluded that it was not a carcinogen, and has therefore 
allowed to date its continued, long-approved uses in many food, cosmetic and other 
consumer products.          


 
2. FDA and EPA Permit Many Regulated and Approved Uses of BHT in Food, Cosmetic, 


Other Consumer Products and Pesticides 
 
OEHHA noted correctly in their “Summary Document” that “…BHT is used as an 
antioxidant/preservative in foods at levels ranging from 10 to 200 ppm.  Current food regulations 
establish a maximum content of 0.02 percent for all antioxidants combined.  Industrial 
applications of BHT include use as an antioxidant in rubber, petroleum, and plastic products.”  
Details about some of these food and consumer product uses are provided here.  
 
By way of background related to BHT’s food uses, in 1950 the Delaney Committee started a 
congressional investigation of the safety of additives that laid the foundation for the Food 
Additives Amendment and the Color Additive Amendments (FDA, 2011).  Rep. James 
Delaney, D-NY., later submitted a change to the bill proposing the Food Additives Amendment 
by inserting the Delaney Clause, which prohibited the approval of any food additive shown to 
induce cancer in humans or animals in studies with a relevant route of exposure.  The resulting 
1958 Delaney Clause amendment to the Federal Food, Drug and Cosmetic Act bars FDA from 
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approving any food additive that causes cancer in man or in animal tests, and the courts have 
held that the Delaney Clause is not subject to any exception for de minimis levels; it is an 
absolute ban.   
 
FDA has continued to permit various food uses of BHT, which attests to the fact that the 
scientific evidence does not indicate to FDA that BHT is a carcinogenic hazard.  If FDA had 
made such a carcinogenic ruling for BHT many years ago, the law would have demanded its 
outright ban from food products.  Scientific data that became available in the years since BHT 
was approved for uses in or on food have not prompted FDA - nor any other expert food safety 
or regulatory body for that matter - to question or change BHT’s non-carcinogen status. 
 
By way of background related to BHT’s use in cosmetic products, the Cosmetic Ingredient 
Review (CIR) was established in 1976 as an independent safety review program for cosmetic 
ingredients.  The CIR Expert Panel consists of independent experts in dermatology, toxicology, 
pharmacology and veterinary medicine, and the CIR includes participation by the FDA and the 
Consumer Federation of America.  As summarized by the CIR Expert Panel in its safety 
assessment of BHT, the chemical is an important ingredient used in a wide range of cosmetic 
formulations at low concentrations, ranging from 0.0002% to 0.5% (CIR, 2002).  BHT acts as an 
antioxidant by preventing or slowing the deterioration of cosmetics and personal care products 
caused by chemical reactions with oxygen.  Thus, as with many foodstuffs, BHT is an important 
ingredient that helps to maintain the quality, integrity and safety of cosmetic products.  The CIR 
Expert Panel concluded from their comprehensive review of animal and human data that 
“…BHT is safe as used in cosmetic products” (page 81).  
 
BHT is also permitted as an indirect food additive in numerous food contact applications, 
specifically as an antioxidant preservative for metal packaging adhesives and coatings.  In 
addition, BHT is used as an antioxidant preservative for pesticide products and fragrances.  By 
way of background related to BHT’s antioxidant use as an inert ingredient in pesticide 
formulations, U.S. EPA has permitted such uses as required under the Food Quality Protection 
Act (EPA, 2005, 2011).  EPA (2011, item 517, page 10 of 76) lists BHT as an approved inert 
ingredient for nonfood use pesticide products.   
 
The most recent safety evaluation of both BHT and BHA is contained in EPA’s “Inert Ingredient 
Reassessment - BHA and BHT” document (EPA, 2005).  EPA noted that both antioxidants have 
typical concentrations in food-use pesticide products < 0.2% and that both also have exemptions 
from the requirement of a tolerance when used as inert ingredients in pesticide formulations 
when applied to growing crops or raw agricultural commodities after harvest.  EPA (2005) came 
to the following conclusion in its reassessment document for the use of BHT and BHA as inert 
ingredients in pesticide formulations: 
 


“Taking into consideration all available information on BHA and BHT, including their 
long history of use as direct food additives and their use in cosmetics, pharmaceuticals, 
and personal care products, it has been determined that there is a reasonable certainty that 
no harm to any population subgroup will result from aggregate exposure to BHA or BHT 
when used as inert ingredients in pesticide formulations when considering dietary 
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exposure and all other non-occupational sources of pesticide exposure for which there is 
reliable information.” [page 2 of 20] 


 
3. BHT has not been Shown to be an Animal Carcinogen in Numerous Lifetime Oral 


Bioassays (OEHHA summary information appears in italics): 
 
BHT has been tested up to extremely high doses in numerous chronic oral carcinogenicity 
bioassays in various species of rats and mice.  None of these bioassays, alone or taken together, 
presents credible scientific evidence that BHT causes cancer in experimental animals.  Each of 
these chronic bioassays will be described in some detail below.  
 
NCI/NTP (1979).   
 
 - 107 to 108-week diet studies in male and female B6C3F1 mice 


 - Increase in alveolar/bronchiolar carcinomas or adenomas (by pairwise comparison) in 
females  
- No treatment-related increases in males  


- 105-week diet studies in male and female Fischer 344 rats  
- No treatment-related increases in males or females  
 


The NCI/NTP (1979) bioassay of BHT in the diet at doses of 3,000 and 6,000 ppm came to the 
following conclusion (as noted in the report’s Summary, page v), but does not conclude that 
BHT is a carcinogen in the female mouse lung:  
 


“It is concluded that under the conditions of this bioassay, BHT was not carcinogenic for 
F344 rats or B6C3F1 mice.” [emphasis added]    


 
The Summary goes on to explain the female mouse lung finding: 
 


 “Alveolar/bronchiolar carcinomas or adenomas occurred in the female mice at a 
significant incidence in the low-dose group (P=0.009) but not in the high dose group, and 
the incidences were not significantly dose related (control 1/20, low-dose 16/46, high-
dose 7/50). Thus, these lung tumors in the female cannot clearly be related to the 
administration of the BHT.” [emphasis added]    
 


The Summary also notes, as pointed out correctly by OEHHA, that no tumors occurred in either 
male or female rats or male mice at incidences that were significantly higher in dosed groups 
than in the corresponding control groups.  As a matter of relevance to NTP as an authoritative 
body, this bioassay is also officially reported by NTP in its NTP Technical Report No. 150 (NTP, 
1979), since these older NCI bioassays were incorporated into NTP’s current bioassay database.  
The current NTP Technical Reports Index citation for BHT contains the designation of “N” 
(defined as “Negative” or “No Evidence” of Carcinogenicity) for both male and female rats and 
male and female mice: 
 


http://ntp.niehs.nih.gov/?objectid=070510F7-946E-0334-8C3427E3D9734FD0 
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Therefore, the key findings of the NCI/NTP 2-year bioassay of BHT in rats and mice do not 
provide “Sufficient Evidence” of a carcinogenic effect, lending no support for the possible listing 
of BHT as a carcinogen under Proposition 65.   
 
Hirose et al. (1981). 
 
- 104-week diet studies in male and female Wistar rats  


- No treatment-related findings in males or females  
 


There is general agreement by all who have reviewed this published bioassay that BHT was 
found not to be carcinogenic in Wistar rats fed BHT for two years.  The rats (57 of each sex) 
were maintained on a diet containing 0.25 % and 1.0 % BHT for 104 weeks, and the control 
groups were comprised of 36 rats of each sex.  The research team, which was led by Dr. N. Ito, 
Japan’s legendary carcinogenesis expert, reported that histopathological examinations revealed a 
variety of tumors in treated animals at the end of the study, but their incidence was not 
significantly different from that in controls and there were no dose-response relationships found.  
The authors concluded: “This experiment showed no carcinogenic effect of BHT on rats.”        
 
Shirai et al. (1982). 
 
This long-term bioassay study in B6C3F1 mice was not cited by OEHHA, but it was conducted 
in Dr. Ito’s laboratory in Japan, the same laboratory that conducted the Hirose et al. (1981) 
Wistar rat study described above.  Groups of approximately 50 male and 50 female B6C3F1 
mice were given BHT at concentrations of 200, 1,000 or 5,000 ppm in their diet for 96 weeks, 
followed by a basal diet for 8 weeks and then sacrificed.  Similar groups of male and female 
controls were given basal diet throughout the 104 weeks.  Neither survival rates nor food 
consumption differed between treated and control groups.  No significant changes attributable to 
BHT treatment were found in the hematological examinations or serum and urine analyses. 
Tumors were found in many organs, especially the lungs, liver, lymph nodes and spleen, in both 
the treated and control groups.  The difference in incidence between the BHT-treated groups and 
the controls was not statistically significant for any type of tumor, so none were related to BHT 
treatment.  The authors concluded that this study provided no evidence of BHT carcinogenicity 
in mice.  Therefore, this study confirmed the findings of non-carcinogenicity in the NCI/NTP 
(1979) study also in B6C3F1 mice described above.   
 
Lindenschmidt et al. (1986). 
 
- 10-month diet studies in male and female C3H mice:  


 - Increase in spontaneous development of liver tumors (by pairwise comparison) in 
males  
- No treatment-related increases in females  


 
This study, being of only 10-months duration, does not meet the accepted criteria for a modern-
day lifetime carcinogenicity bioassay.  The mice were fed a diet containing 0.05% and 0.5 % 
(500 and 5,000 ppm) BHT, and after 10 months, male but not female animals had a significantly 
increased incidence of liver tumors compared to animals kept on a BHT-free control diet.  It has 
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been noted in various reviews (including JECFA/WHO, 1996, section 2.2.2.1) that historical 
control data were not available in comparable 10-month studies in this mouse strain and that the 
incidence of spontaneously-occurring hepatic tumors in C3H mice is known to be modified by 
population density, level of dietary protein and caloric intake.  The incidence of hepatic tumors 
in a 12-month study in this strain ranged from 6-13% for females and 41-68% for males (Peraino 
et al., 1973, also cited in section 2.2.2.1).  Thus, JECFA/WHO noted that the reported incidence 
of hepatocellular tumors was not significantly different from other controls of similar age, 
leading them to conclude that the results of this short-term study do not provide scientifically 
reliable evidence for a carcinogenic effect of BHT.    
 
Olsen et al. (1986).   
 
- Two-generation diet studies in male and female Wistar rats dosed for entire lifespan:   


- Increase in hepatocellular adenoma, carcinoma, or adenoma and carcinoma combined 
(by pairwise comparison and trend) in males  
- Increase in hepatocellular adenomas (by pairwise comparison) in females 
 


Many BHT researchers and scientific reviewers over the past 25 years have focused much  
attention on the results of this two-generation feeding study of BHT in Wistar rats, the same 
strain studied by Hirose et al. (1981; described above) with no observed carcinogenic effect, 
because of its reported finding of BHT carcinogenicity.    
 
Groups of 60, 40, 40 and 60 F0 Wistar rats of each sex were fed a semi-synthetic diet containing 
BHT in concentrations providing intakes of 0, 25, 100 or 500 mg/kg bw/day, respectively.  The 
F0 rats were mated and groups of 100, 80, 80 or 100 F1 rats of each sex were formed.  After 
weaning, the highest dose (500 mg BHT/kg bw/day) was lowered to 250 mg/kg bw/day for the 
F1 rats.  At weaning, treated F1 rats had lower body weights than the controls, the extent of the 
reduction being dose related, and this effect, which persisted throughout the study, was most 
pronounced in the males.      
 
Dose-related increases in the numbers of hepatocellular adenomas and carcinomas were 
statistically significant (at P < 0.05) only in male F1 rats when all groups together were tested for 
heterogeneity or analysis for trend.  However, the increase in hepatocellular tumors in treated 
female F1 rats was only statistically significant for benign adenomas (at P < 0.05) in the analysis 
for trend.  Therefore, as a result of BHT treatment, this study produced a significant increase in 
combined benign and malignant tumors only in one organ (liver) and in one sex (male).  
Although tumors were found in other organs of some of the treated rats, their incidence was not 
significantly different from that in controls.  In both sexes, the lowest dose of 25 mg/kg bw/day, 
had no effect on tumor induction.  
 
It is important to point out that the survival of BHT-treated F1 rats of both sexes was 
significantly better than that of the controls (P < 0.001).  This important finding has been 
discussed by most reviewers of this study, since all the hepatocellular tumors produced by BHT 
were detected when the F1 rats were more than 2 years old, and most were actually found in 
animals examined at terminal sacrifice at 141-144 weeks (2 ¾ years of age).  In fact, for both 
benign and malignant hepatocellular tumors, the very first tumor was found after 114 weeks of 
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treatment in both sexes, a time period 10 weeks or greater beyond the conventional 104-week 
chronic bioassay.  In males, the first carcinoma was seen at 117 weeks in controls, but not until 
141 weeks for the mid-dose group and 132 weeks for the high-dose group, so tumor latency was 
actually increased in BHT-dosed animals compared to controls.   
 
Many scientists have speculated that the liver tumors observed by Olsen et al. (1986) from BHT 
treatment may have resulted from the longevity-producing effects of the chemical, thus 
complicating the clear interpretation of the study’s findings.  Gary M. Williams, M.D., one of the 
world’s leading experts on chemical carcinogenicity and animal toxicologic pathology (see also 
section 8 below), has published many experimental studies and expert reviews on BHT.  He and 
his colleagues pointed out that in the Olsen study, “…the very high mortality in the control 
animals compromised the statistical comparison to BHT exposure groups” (Williams et al., 
1999).  Williams’ research group further concluded that the findings in this study have not been 
confirmed in other studies and may be attributable to study conditions, not to the administration 
of BHT itself.   
 
Furthermore, Olsen et al. (1986), owing to the difficulties they discussed in interpreting the 
observed differences in hepatocellular tumors between control and treated animals, concluded 
that “The role of BHT in the development of hepatocellular tumors requires further elucidation.”  
Dr. Gunna Wurtzen, the senior author of the Olsen et al. (1986) study, commenting subsequently 
on BHT safety and her own study, in her review of the shortcomings of toxicity testing strategies 
for several antioxidants (Wurtzen, 1990), concluded that: 
 


“BHT has not been found to be mutagenic.  In a long-term rat study with in utero 
exposure, BHT showed hepatocarcinogenic effects, but these alterations were only seen 
at a very late stage of the experiment, which lasted for 144 wk.  This exceeds the period 
set by guideline tests and so effects are likely to occur as a result of ageing of the 
animals.”   


 
That most of these BHT-related tumors were found at terminal sacrifice (2 ¾ years) stands in 
contrast to the lack of a similar tumorigenic effect in the 2-year study by Hirose et al. (1981) in 
the same rat strain.    
 
Inai et al. (1988). 
 
BHT was orally administered at concentrations of 1% and 2% (10,000 and 20,000 ppm) of the 
diet to B6C3F1 mice for 104 weeks.  The two groups of 50 males received calculated average 
doses of 1,640 and 3,480 mg/kg bw/day and the two groups of 50 females received doses of 
1,750 and 4,130 mg/kg bw/day.  Treated animals underwent a 16-week recovery period prior to 
pathological examination.  The average body weights of both male and female mice given BHT 
showed a dose-related reduction compared to controls.  For female mice  given the high dose of 
BHT, the incidence of mice with tumors was significantly lower (P < 0.01) and the survival time 
of mice with tumors was significantly longer (P < 0.01) than that of control mice.  For male mice 
the survival times of mice with tumors were not significantly different between treated and 
control groups.   
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The tumor findings due to BHT treatment differed between the males and females.  In male mice 
administered BHT, the incidence of mice with benign hepatocellular adenomas was significantly 
increased (P < 0.01) only at the high dose, but there was no significant increase in malignant 
hepatocellular carcinomas (22, 26 and 17% incidences for control, low and high doses, 
respectively).  In addition, the incidences of male mice with other tumors and female mice with 
any tumors were not significantly increased as a consequence of BHT administration.  Therefore, 
the authors concluded that their study indicated that BHT increased the incidence of benign liver 
tumors in the B6C3F1 male mouse, although they did point out that the observation period (120 
weeks: 104 weeks of treatment plus a16-week recovery period) was longer than in conventional 
104-week carcinogen bioassays.  Furthermore, in regards to the association between longer 
survival times and increased tumor incidence described above, they noted that “…most of the 
hepatocellular tumors …were thought to have developed at a late stage of the experimental 
period, because the mice that survived longer showed a higher incidence of hepatocellular 
tumor.”  This observation is in line with the same association found for hepatocellular tumors in 
the Olsen et al. (1986) Wistar rat study.    
 
Williams et al. (1990a).   
 
BHT was fed in the diet to male F344 rats in two chronic feeding studies.  The researchers 
acknowledged that these studies were not designed as definitive chronic bioassays, but 
concluded that valuable information was obtained from them when taken together with the 
results in a companion paper on genetic and cellular effects (Williams et al., 1990b: see section 5 
below).  In one study with 21 animals in each group, feeding BHT for 76 weeks at 
concentrations of 100, 300, 1,000, 3,000 and 6,000 ppm produced no significant increase in 
benign or malignant neoplasms at any site.  Feeding of BHT at the top two doses significantly 
reduced the body-weight gains compared to controls.  In a second study, feeding of 27 animals 
with 12,000 ppm BHT for 110 weeks had no significant benign or malignant neoplastic effects at 
any site.  Feeding of BHT at this highest dose also significantly reduced the body-weight gains 
compared to controls.  The incidence of hepatic cell neoplasms was slightly increased in the 
group fed 6,000 ppm BHT for 76 weeks and was significantly lower in the group fed 12,000 ppm 
BHT for 110 weeks, but neither was significantly different compared with the control groups.     
 
The authors concluded that “…BHT exerted no carcinogenic effect in rats…”  Their two studies 
also examined the possible BHT enhancement of altered hepatocellular foci, a well- recognized, 
pre-neoplastic effect that known liver carcinogens and tumor promoters produce as precursor 
lesions to hepatocellular neoplasms.  They noted, however, that BHT did not enhance the 
appearance of these hepatocellular foci in their studies.  The authors did acknowledge that under 
some conditions [i.e., the BHT bioassays of Olsen et al. (1986) in rats and of Inai et al. (1988) in 
mice], an increase in hepatocellular neoplasms had been observed, but that “…any effect of BHT 
on liver carcinogenesis is only apparent at very high doses…” and that “…the observed effects 
on liver carcinogenesis may also involve cytotoxicity.”          
 
4. Only One Epidemiological Study is Available for BHT Evaluation   


 
Botterweck et al. (2000). 
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The association between dietary intake of BHA and BHT and stomach cancer risk was 
investigated in the Netherlands Cohort Study that started in 1986 among 120,852 men and 
women aged 55 to 69 years.  A semi-quantitative food frequency questionnaire was used to 
assess food consumption.  Information on both BHA or BHT content of cooking fats, oils, 
mayonnaise and other creamy salad dressings and dried soups was obtained by chemical 
analysis, a Dutch database of food additives (ALBA) and the Dutch Compendium of Foods and 
Diet Products.  After 6.3 years of follow-up, complete data on BHA and BHT intake of 192 
incident stomach cancer cases and 2,035 subcohort members were available for case-cohort 
analysis.  Mean intake of BHA or BHT among subcohort members was 105 and 351 µg/day, 
respectively.  For consumption of mayonnaise and other creamy salad dressings with BHA or 
BHT, no association with stomach cancer risk was observed.  A statistically non-significant 
decrease in stomach cancer risk was observed with increasing BHA and BHT intake, with a rate 
ratio of highest/lowest intake of BHA = 0.57 (95% CI, 0.25-1.30) and BHT = 0.74 (95% CI, 
0.38-1.43).  In this study, no significant association with stomach cancer risk was found for usual 
intake of low levels of BHA and BHT. 
 
5. BHT is Widely Considered to be Non-Genotoxic 
 
OEHHA cited the most recent comprehensive review of the genotoxicity database on BHT 
(Bomhard et al., 2002), and in their Summary Document they included mention of 11 types of 
test results covering both in vitro and in vivo test systems.  With regard to point mutation assays, 
the vast majority of these genotoxicity tests produced negative results, which is in line with the 
published literature database and other expert scientific reviews.  Bomhard et al. (2002) noted 
that these tests included in vitro studies on various bacterial species and strains and on various 
types of mammalian cell lines, as well as in vivo studies on Drosophila melanogaster, silk 
worms and also the mouse specific locus test (involving long-term exposure).  They concluded 
that “Together these studies convincingly show the absence of a potential for BHT to cause point 
mutations.” (abstract, page 187). 
 
Bomhard et al. (2002) also cited a great number of studies on many cell types and species to 
examine the potential of BHT to cause chromosome aberrations.  They noted that in vitro studies 
have been published using plant cells and the WI-38, CHL, CHO and V79 mammalian cell lines, 
and in vivo studies have been carried out on somatic and/or germ cells of Drosophila 
melanogaster, rats and mice.  The authors concluded (abstract, page 187): 
 


“Nearly all studies, especially those using validated test systems, indicate that BHT lacks 
clastogenic potential.  In vitro studies on bacterial, yeast and various mammalian cell 
lines including DON, CHO, CHL cells and primary hepatocytes demonstrate the absence 
of interactions with or damage to DNA.  Taking all the existing data into account, the 
weight of evidence suggests that BHT does not represent a relevant 
mutagenic/genotoxic risk to man.” [emphasis added] 


 
In 1986, an IARC Monograph Working Group came to a similar conclusion on BHT’s 
genotoxicity based on the earlier BHT database (IARC, 1986; from Summary of Data Reported 
and Evaluation, p. 190):  
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“Butylated hydroxytoluene did not induce DNA damage in Bacillus subtilis or mutation 
in Salmonella typhimurium.  It did not induce chromosomal aberrations in plants or 
mutation or chromosomal aberrations in Drosophila melanogaster.  In one study, it was 
reported to be mutagenic to cultured Chinese hamster cells in the presence of an 
exogenous metabolic system.  Binding of butylated hydroxytoluene to the DNA of liver 
of rats treated in vivo has been reported.  It did not induce micronuclei in bone marrow or 
dominant lethal mutations in mice.  It induced sperm abnormalities in mice.” 


 
Dr. Gary Williams and his colleagues came to a similar conclusion on BHT’s non-genotoxicity 
in their detailed study using three in vitro test systems (Williams et al., 1990b) as well as in their 
comprehensive review and safety assessment of BHT (Williams et al., 1999; also see section 8 
below).  Williams et al. (1990b) found no evidence of BHT genotoxicity in the hepatocyte 
primary culture/DNA repair test, the Salmonella/microsome mutagenesis test and the adult rat 
liver epithelial cell/hypoxanthine-guanine phosphoribosyl transferase test.  They also reviewed 
the BHT genotoxicity literature up to that date and concluded (page 796-797): 
 


“Overall, most data on the genotoxicity of BHT are negative, including the present 
studies.  The few positive findings have limitations and have not been confirmed.  More 
investigations of the target organ (i.e. liver) and of DNA interactions need to be 
conducted, but the currently available data lead us to conclude that BHT is not DNA-
reactive.” [emphasis added] 
 


The CIR Expert Panel Report (CIR, 2002) contains an extensive table summarizing about 75 
separate BHT genotoxicity studies (Table 8, pages 56-58), with over 90% of them showing no 
evidence of a genotoxic effect of BHT.  In addition, the CIR (2002) also reviewed studies of the 
effect of BHT on the genotoxicity of many known genotoxic agents (Table 9, pages 59-61), and 
it appears that a large majority of about 55 separate endpoints shows BHT in combination with 
other agents to be decreasing genotoxic activity.  
 
Therefore, the numerous expert reviews and evaluations, taken together, demonstrate that the 
overwhelming weight of the scientific evidence confirms that BHT has not been found to have 
any appreciable genotoxic activity in a large database of well-conducted in vitro and in vivo 
studies.   
 
6. BHT Can Inhibit and Promote Tumorigenicity when Administered with Known 


Carcinogens and Mutagens 
 


OEHHA’s “Summary Document” for BHT cited four studies showing BHT to be a promoter of 
carcinogenicity and only one study showing BHT’s inhibition of carcinogenicity.  In fact, 
however, there are many dozens of such studies published in the literature, and these have been 
reviewed by carcinogenicity experts in the field.  OEHHA cited Hirose et al. (1993) as the source 
document that reviewed three of the five studies cited, but this publication is not a primary 
review document for these kinds of studies, but instead an experimental study performed in Dr. 
Ito’s laboratory.  Hirose et al. (1993) conducted a multi-organ carcinogenesis model study of 
four antioxidants as modifiers of the carcinogenic effects of several potent carcinogenic initiators 
in F344 rats showed.  They showed that BHT, in a 36-week feeding study, while it enhanced the 







13 
 


development of only thyroid hyperplasias, it also strongly reduced the incidence and multiplicity 
of colon adenocarcinomas as well as lowered the incidence and multiplicity of renal cell tumors.      
 
In 1986, an IARC Monograph Working Group reviewed and evaluated BHT’s role in inhibiting 
and promoting the carcinogenicity of many known carcinogens (IARC, 1986; from Summary of 
Data Reported and Evaluation, p. 191) and concluded:  
 


“When tested in combination with other chemicals (usually, known mutagens or 
carcinogens), butylated hydroxytoluene often modified the DNA-damaging, mutagenic 
and clastogenic activities. In most studies, butylated hydroxytoluene reduced the activity 
of indirectly-acting mutagens or carcinogens.” [emphasis added]  


 
Dr. Gary Williams and his colleagues, in their comprehensive review and safety assessment of 
BHT (described in more detail in section 8 below), reviewed several key anticarcinogenicity 
studies of BHT (Williams et al., 1999).  They described numerous studies showing that BHT 
inhibits the carcinogenicity of a variety of carcinogens in different tissues 
in mice and rats when given at high concentrations of greater than 3,000 ppm (Wattenberg, 1985; 
Williams, 1993; Williams and Iatropoulos, 1997).  They noted that BHT also inhibits liver and 
mammary gland carcinogenesis in rats (Ulland et al., 1973) and colon carcinogenesis in rats 
(Weisburger et al., 1977).   
 
Additionally, with an important focus on the two chronic carcinogenicity bioassays (described 
above) with apparently increased liver tumors in animals, Williams’ group showed that BHT 
inhibited the hepatocarcinogenicity of both aflatoxin B1 (AFB1) and 2-acetylaminofluorene 
(AAF) in rats (Maeura et al., 1984; Williams et al., 1986, 1991).  In contrast to these high dose 
studies, Williams et al. (1986) have also shown that BHT administered to rats at 1,000 ppm, 
starting one week before AFB1 administration and continuing for one week after cessation, 
decreased liver neoplasia.  Also, in a subsequent study in their laboratory, BHT at 125 ppm 
inhibited the initiation of hepatocarcinogenesis by AFB1 in rats studied over 42 weeks (Williams 
and Iatropoulos, 1996), and in another study BHT at 100 ppm, fed together with AAF at a low 
concentration of 50 ppm, inhibited the induction of liver altered foci and reduced the incidence 
of liver carcinomas by week 76 (Williams et al., 1991). 
   
The CIR Expert Panel Report (CIR, 2002) contains an extensive table of BHT 
inhibition/promotion experimental results (Table 11, pages 64-70), and of approximately 100 
separate endpoints tabulated, it appears that there is a fairly equal distribution between the 
inhibitory and promotional effects of BHT.  It is important to note, however, that since there is a 
huge variety of animal species, doses, routes of exposure, timing of the administration of BHT 
and other experimental factors, it is difficult to come to a definitive conclusion about inhibition 
vs. promotion.      
 
7. Structure Activity Considerations - BHT vs. BHA 
 
OEHHA pointed out that BHT is structurally similar to butylated hydroxyanisole (BHA), a listed 
Proposition 65 carcinogen and IARC Group 2B carcinogen.  While I agree that the two 
compounds are structurally similar phenolics, IARC came to a different conclusion on BHT’s 
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level of carcinogenicity.  BHA was classified by IARC as Group 2B, “possibly carcinogenic to 
humans,” based on “sufficient evidence” in experimental animals (due to the increased incidence 
of only forestomach tumors resulting from very high animal doses) and the absence of any 
epidemiologic data to evaluate the carcinogenicity to humans.  Although BHA was added to the 
Proposition 65 list in 1990 based on this finding of animal forestomach tumors only, it 
nonetheless has the highest “No Significant Risk Level” (a “Safe Harbor Level” of 4,000 µg/day) 
adopted in regulation for any listed carcinogen.  BHA has continued its long history of safe use 
in foods and other consumer products across the globe.  
        
BHT, on the other hand, was classified by IARC as Group 3, “not classifiable as to its 
carcinogenicity to humans” based on “limited evidence” in experimental animals and the 
absence of any epidemiologic data to evaluate the carcinogenicity to humans.  Both of these 
classifications were determined by the same scientists at the same IARC Monograph Working 
Group meeting (IARC, 1986).   
 
Furthermore, the NTP Report on Carcinogens classified BHA as “reasonably anticipated to be a 
human carcinogen,” also based on “sufficient evidence” in experimental animals, while the same 
report does not include BHT to date (NTP, 2011).  Therefore, these two compounds’ structural 
similarities do not adequately predict their individual carcinogenic effects.  In addition, while 
structure-activity relationships (SAR) and their extrapolations can be valuable when leveraging 
from a data-rich molecule to a data-poor molecule, they are not appropriate when sufficient data 
exist for the specific molecule under evaluation. 
         
8. Gary Williams, M.D. has Published a Comprehensive Safety (Hazard) Assessment of 


BHT (1999) and Concluded that BHT does not Pose Any Cancer Hazard to Humans  
 
Gary Williams, M.D.’s laboratory, as noted above, has been deeply involved in genotoxicity, 
mechanistic and carcinogenicity studies of BHT since the early 1980’s.  In 1999, after almost 20 
years involvement with BHT, he and his colleagues published a critical review and safety 
assessment of BHT as a food antioxidant (Williams et al., 1999).  As part of their safety 
assessment, they reviewed all the significant studies and came to the following conclusions on 
various BHT endpoints: 
 
BHT genotoxicity studies (see studies in Table 3, page 1032, in this reference):   
 


“The weight of evidence, therefore, supports the conclusion that BHT is not genotoxic.” 
 
BHT carcinogenicity studies - a review of oral (diet) chronic bioassays of BHT (see studies in 
Table 4, page 1033, in this reference): 
 


“Overall, these data do not provide convincing evidence that BHT has carcinogenic 
activity in either mice or rats.  Interestingly, 2,2'-methylenebis (4-methyl-6-tert-
butylphenol), an antioxidant which is essentially two molecules of BHT and has all 
attributes of BHT, was also non-carcinogenic at up to 0.1% for 18 months to Wistar rats 
(Takagi et al., 1994).” 
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Studies on BHT mode of action (see page 1034 in this reference):   
 


“Thus, BHT at high doses can exert tumor-promoting effects, apparently due to blocking 
of cellular communication channels, but this does not seem to be sufficient for definite 
enhancement of tumor development when administered on its own.” 


 
Anticarcinogenicity studies of BHT (see page 1034 in this reference): 
 


“Thus, the effective chemoprotective concentrations of BHT extend below 1000 ppm to 
100 ppm (Williams and Iatropoulos, 1997).  Activity at such low concentrations has been 
suggested to be due to free radical trapping activity (Williams and Iatropoulos, 1997).” 
 


Overall Conclusions (see pages 1034-1035): 
 


“Based on the entire body of evidence and data from mechanistic studies, BHT is not 
genotoxic or reproducibly carcinogenic, although at high doses, 250 mg/kg/day or 
greater, it was associated with some unconfirmed increases in spontaneous neoplasms 
and…has some tumor-promoting activity.  The overall evaluation of IARC was that BHT 
is not classifiable as to its carcinogenicity to humans (IARC, 1987).  Based on these 
considerations, we support the conclusion of authorities that the use of BHT as a food 
additive does not pose any cancer hazard to humans (JECFA, 1996).” [emphasis 
added]     


 
CONCLUSION 


 
BHT has a long record of safe use in many food, cosmetic, consumer and industrial products.   
The foregoing review and evaluation bears on cancer hazard assessment of BHT based almost 
exclusively on animal studies.  I conclude from my review that BHT poses no carcinogenicity 
hazard.  For a chemical to be listed by Proposition 65, there must be “…a finding by the “state’s 
qualified experts” that the chemical “has been clearly shown through scientifically valid testing 
according to generally accepted principles to cause cancer or reproductive toxicity” (Health and 
Safety Code section 25249.8(b)).”  With this requirement in mind, I believe that the weight of 
the evidence for BHT fails to meet the “clearly shown to cause cancer” listing standard in the 
statute.  Consequently, I believe that the overall weight of the evidence available in the literature 
on BHT’s carcinogenic potential will make it very difficult for the CIC to conclude that BHT has 
been “clearly shown to cause cancer.”   
 
In conclusion, on behalf of the BHT Coalition, I urge the CIC to give BHT a “No Priority” or 
“Low Priority” for further listing consideration.  If you have any questions, please don’t hesitate 
to contact me.  Thank you for this opportunity to submit these comments on behalf of the 
coalition. 


 
 
 
 
 







16 
 


Sincerely yours, 
 


 
James R. Coughlin, Ph.D. 
 
On Behalf of the BHT Coalition: 
GMA, PCPC, CSPA, NAMPA 


 
 


BHT Coalition 
 
Grocery Manufacturers Association (GMA). 
 
Based in Washington, D.C., the Grocery Manufacturers Association is the voice of more than 300 leading food, 
beverage and consumer product companies that sustain and enhance the quality of life for hundreds of millions of 
people in the United States and around the globe.  Founded in 1908, GMA is an active, vocal advocate for its 
member companies and a trusted source of information about the industry and the products consumers rely on and 
enjoy every day.  The association and its member companies are committed to meeting the needs of consumers 
through product innovation, responsible business practices and effective public policy solutions developed through a 
genuine partnership with policymakers and other stakeholders.  In keeping with its founding principles, GMA helps 
its members produce safe products through a strong and ongoing commitment to scientific research, testing and 
evaluation and to providing consumers with the products, tools and information they need to achieve a healthy diet 
and an active lifestyle.  The food, beverage and consumer packaged goods industry in the United States generates 
sales of $2.1 trillion annually, employs 14 million workers and contributes $1 trillion in added value to the economy 
every year. 
 
Personal Care Products Council (PCPC). 
 
Based in Washington, D.C., the Personal Care Products Council (formerly the Cosmetics, Toiletry and Fragrance 
Association (CTFA)) is the trade association representing the cosmetic and personal care products industry in the 
United States and globally.  Founded in 1894, CTFA has a membership of nearly 600 companies including 
manufacturers, distributors, and suppliers for the vast majority of finished personal care products marketed in the 
United States.   
 
Consumer Specialty Products Association (CSPA). 
 
The Consumer Specialty Products Association (CSPA) is a voluntary, non-profit national trade association 
representing more than 240 companies engaged in the manufacture, formulation, distribution, and sale of consumer 
specialty products for household, institutional, commercial and industrial use.  CSPA member companies' wide 
range of products includes home, lawn and garden pesticides, antimicrobial products, air care products, industrial 
and automotive specialty products, detergents and cleaning products, polishes and floor maintenance products, and 
various types of aerosol products. These products are formulated and packaged in many forms and are generally 
marketed nationally.  CSPA and its member companies are committed to the safe manufacture, distribution, use and 
disposal of consumer products, and have instituted a product stewardship program, Product Care®, to promote the 
production and distribution of safe and effective formulated products that provide desirable benefits for household, 
commercial, institutional and industrial customers and consumers, and their families, pets and their environment. 
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North American Metal Packaging Alliance (NAMPA). 
 
The North American Metal Packaging Alliance (NAMPA) is a not-for-profit corporation committed to protecting 
health through the safety of metal packaging and metal packaged foods.  NAMPA’s membership includes 
companies and associations representing various sectors along the supply chain for the food and beverage packaging 
industry. 
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September 20, 2011 


 


Ms. Cynthia Oshita 


Office of Environmental Health Hazard Assessment 


P.O. Box 4010, MS-19B 


Sacramento, California 95812-4010 


Fax: (916) 323-8803 


Street Address: 1001 I Street 


Sacramento, California 95814 


 


Subject: Comments on Acetaminophen as a priority chemical for review by the Carcinogen 


Identification Committee  


 


Dear Ms. Oshita: 


 


On behalf of the California Healthcare Institute (CHI), I’m writing regarding the upcoming 


Carcinogen Identification Committee (CIC) meeting on October 12
th


 and 13
th


 at which CIC 


members will be reviewing Acetaminophen in order to provide advice to the Office of 


Environmental Health Hazard Assessment (OEHHA) on the prioritization of this chemical for the 


possible preparation of hazard identification materials.  The California Healthcare Institute is a 


statewide trade association representing more than 270 of our state’s premier biomedical and 


life science companies and academic research institutions 


 


According to the OEHHA notice from July 22, 2011, the CIC will be reviewing 39 chemicals, 


including Acetaminophen, based on the findings of their preliminary toxicological evaluation.  


Because of the significant volume of animal, human and other relevant data, our comments will 


serve as a summary and analysis of the evidence presented for each of those categories.  


 


The first hazard screen OEHHA staff uses when evaluating chemical for CIC review is the 


exposure assessment.  We would not dispute that OEHHA staff rightly identified Acetaminophen 


as a chemical of “widespread” exposure.  The widespread availability and regular use of 


Acetaminophen-containing pharmaceuticals, both over-the-counter and prescription, is a 


testament to the safety of the drug.  In fact, the FDA recently  stated on their website that 


“Acetaminophen is one of the most commonly used medicines in the United States. When used 


according to the label directions, it has a well-established record of safety and efficacy.”
1
   


 


Since OEHHA last reviewed the carcinogenic risks of Acetaminophen in 1997 a deluge of studies 


have been conducted to research the potential carcinogenic effects of Acetaminophen.  


                                       
1
 http://www.fda.gov/Drugs/DrugSafety/ucm230396.htm 
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Appendix A, compiled by OEHHA staff, provides an accurate representation of the body of 


literature that has arisen in the nearly decade and a half since OEHHA last took up 


Acetaminophen for consideration.  While the studies range in their investigational method and 


the types of cancer that might be associated with regular Acetaminophen consumption, what 


many of the studies actually showed was that cancer rates did not increase with regular use of 


Acetaminophen-containing products.  Indeed, a quick review of the studies compiled in 


Appendix A actually show a decreased risk of various types of cancer among regular 


Acetaminophen users including, but not limited to, breast, prostate, ovarian, colorectal, non-


Hodgkin’s Lymphoma, bladder and esophageal cancer.  And, while we do note that some of the 


more recent studies did show an increased risk of cancer, in particular for some hematologic 


cancers, what many of the studies rightly concluded was that additional research was necessary, 


especially when compared to other related studies that showed no increased risk, or even a 


decreased risk, of various blood and lymphatic-based cancers.    


 


Unlike the epidemiological data, many of the animal studies were ones that had been previously 


analyzed by OEHHA during their last review of Acetaminophen in 1997.  Many of these studies, 


like the epidemiological studies, showed that an increased risk of cancer associated with regular 


Acetaminophen consumption was either inconclusive or non-existent.  For those rat and mice 


studies that did show an increased risk of carcinogenicity, to a great extent those results were 


attributable to exposing the animals to acutely toxic levels of Acetaminophen for an extended 


period of time.  With exposure at these extraordinarily high levels it should come as no surprise 


that an increased risk of cancer in some of the sample population would occur. 


 


Acetaminophen has a well documented history of efficacy and safety when used properly to 


relieve pain or reduce fever.  After reviewing the relevant data provided by OEHHA it our belief 


that Acetaminophen represents a low priority candidate for the CIC.  Thank you for the 


opportunity to submit these comments.   


 


Sincerely,  


 


 


 


 


Consuelo Hernandez 


Vice President of State Government Affairs 


California Healthcare Institute  


 








 


 


September 20, 2011 


 


Ms. Cynthia Oshita 


Office of Environmental Health Hazard Assessment 


P.O. Box 4010, MS-19B 


Sacramento, California 95812-4010 


Fax: (916) 323-8803 


Street Address: 1001 I Street 


Sacramento, California 95814 


 


Subject: Comments on Pimecrolimus/Tacrolimus as a priority chemical for review by the 


Carcinogen Identification Committee  


 


Dear Ms. Oshita: 


 


On behalf of the California Healthcare Institute (CHI), I’m writing regarding the upcoming 


Carcinogen Identification Committee (CIC) meeting on October 12
th


 and 13
th


, at which CIC 


members will be reviewing Tacrolimus in order to provide advice to the Office of Environmental 


Health Hazard Assessment (OEHHA) on the prioritization of these chemical as carcinogens under 


Proposition 65.  The California Healthcare Institute is a statewide trade association representing 


more than 270 of our state’s premier biomedical and life science companies and academic 


research institutions 


 


According to the OEHHA notice from July 22, 2011, the CIC will be using several studies in their 


assessment of Pimecrolimus’ and Tacrolimus’ carcinogenicity, in particular, the epidemiological 


studies by Hui et al and Jain et al, which are being used to allege human carcinogenicity when 


used topically or when injected or administered orally, respectively.  However, upon our review 


of these studies and other supporting data it is our belief that no prioritization should be given 


to Tacrolimus or Pimecrolimus by the CIC.  


 


The first study, Hui et al, was a retrospective cohort observational study using data from 953,064 


subjects with diagnoses of atopic dermatitis between 2001 and December 2004.  The study’s 


objective was to determine whether or not patients exposed to topical Tacrolimus or 


Pimecrolimus for the treatment of various dermatological conditions were at greater risk of 


developing cancer than other patients who were not exposed to Tacrolimus.  Of the 953,064 


patients with atopic dermatitis, 38,682 were exposed to Tacrolimus alone and only 9 individuals 


from that cohort developed T-cell lymphoma.  While this difference is of statistical relevance, it 


still does not fully correlate that the application of topical Tacrolimus causes T-cell lymphoma, 
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nor did the study show an overall increased risk of developing cancer.  In fact, Dr. Hui addresses 


two important limitations in the study: 


 


“The median follow-up time from Tacrolimus and Pimecrolimus exposure to the end of 


the study was only 2.4 and 1.9 years, respectively.  This may not be a long enough follow-


up time to determine the full effects of these topical agents.  Secondly, there may be 


protopathic bias, which occurs if the first symptoms of the endpoints are the reasons for 


using the treatment.  In our case, a topical calcineurin inhibitor was being used to treat 


what appeared to be a minor skin condition, but which was an early manifestation of 


cutaneous T-cell lymphoma (CTCL).”
1
 


 


These limitations are significant enough that we believe that the study should not be used as a 


basis for determining the carcinogenicity of either of these drugs.  If the timeframe of study and 


improper initial diagnosis are believed to be problems by the study’s author we would question 


the need to include it to corroborate the prioritization of Tacrolimus as a carcinogen.  


Furthermore, Dr. Hui and her colleagues conclude their study by stating that “further study with 


longer follow-up time is needed to support our findings.”
2
   


 


The second study, Jain et al, looked at 1,000 patients who received liver transplants from a 


single center and received oral or injected Tacrolimus treatment for immunosuppressive 


purposes.  While the study was able to conclusively determine that recipients of liver transplants 


who used Tacrolimus in order to prevent organ rejection did see an in increased rate of 


oropharyngeal cancer up to 7.6 times greater when compared to the general population, it 


wasn’t entirely conclusive on the causal link between de novo oropharyngeal malignancy 


development and the use of Tacrolimus.  One of the primary risk factors for oropharyngeal 


cancer is alcoholic liver disease (ALD).  As Jain et al note in their study, “rates of oropharyngeal 


cancer and lung cancers (were) 25.5 and 3.7 times greater in the ALD group compared with the 


general population.”
3
  Lending further credence to the role that alcoholism plays in cancer 


development in transplant patients they state that “70% of patients who developed 


oropharyngeal, lung and gastrointestinal cancers in the study had an alcoholic history before 


liver transplant.”
4
   


 


                                       
1,  2


 Hui RL, Lide W, Chan J, Schottinger J, Yoshinaga M, Millares M (2009). Association between 


exposure to topical tacrolimus or pimecrolimus and cancers. Ann Pharmacother 43(12):1956-63  
 
3,  4,  5


 Jain AB, Yee LD, Nalesnik MA, Youk A, Marsh G, Reyes J, Zak M, Rakela J, Irish W, Fung JJ 


(1998). Comparative incidence of de novo nonlymphoid malignancies after liver transplantation under 


tacrolimus using Surveillance Epidemiologic End Result data. Transplantation 66:1193-1200 


 







Furthermore, it is well documented, in this study and others, that transplant recipients have a 


high likelihood to develop Post-Transplant Lymphoproliferative Disorder (PTLD), a condition 


wherein B-cells proliferate, far in excess of what is normal or healthy, causing some to undergo 


mutation, and in doing so, becoming malignant.  Calcineurin inhibitors, like Tacrolimus, when 


used as immunosuppressants can exacerbate PTLD and PTLD-related malignancies by 


intentionally inhibiting T-cell function, a necessary part of preventing organ rejection, but can 


also prevents T-cells from actively monitoring for other malignant or tumorous cells that they 


might otherwise find.  Therefore, while one might infer from the study that de novo tumor 


development could increase as an indirect consequence of purposefully suppressing the immune 


system using Tacrolimus in order to prevent organ rejection post-transplant or as a consequence 


of behavioral factors such as alcoholism.  However, we do not believe that this study is able to 


state emphatically that Tacrolimus, in and of itself, does indeed cause cancer in patients who are 


administered the drug orally or intravenously.  


 


In closing, we believe that the current literature regarding Tacrolimus exposure presents an 


inadequate case for making the drug a candidate for prioritization.  Neither epidemiological 


study was able to prove categorically that Tacrolimus when taken orally, topically or injected 


causes the development of cancer.  Additionally, if one of the criteria for prioritization of a 


chemical for Proposition 65 is public exposure, then we do not believe that Tacrolimus meets 


that test, either.   Furthermore, Tacrolimus, as a prescription drug, went through a rigorous FDA 


review process before being permitted for medical use.  With only a few FDA approved 


applications, exposure would only occur in limited instances and only after an informed consent 


process with one’s physician or medical practitioner where the therapeutic benefits and health 


risks are thoroughly considered.    


 


Because of the aforementioned reasons we do not feel that Tacrolimus should be deemed a 


priority chemical by the CIC.  Thank you for the opportunity to submit these comments.   


 


Sincerely, 


 


 


 


 


Consuelo Hernandez 


Vice President of State Government Affairs 


California Healthcare Institute  
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September 20, 2011 


Submitted via electronic mail 


Ms. Cynthia Oshita 
Office of Environmental Health Hazard Assessment 
P.O Box 4010, MS-19B 
Sacramento, CA 95812-4010 


Dear Ms. Oshita, 


Please accept the attached comments and reports submitted on behalf of my client, the 


Chloropicrin Manufacturers Task Force, (CMTF) with respect to the notice entitled, 


"Prioritization: Chemicals Identified for Consultation with the Carcinogen Identification 


Committee July 2011", in which chloropicrin has been proposed for review by the Carcinogen 


Identification Committee under Proposition 65. 


If you have any questions or difficulty in opening the attachments to this email please contact 


me at 916.443 .2793. 


Thank You, 


ttw~ 
JarrrdW. Wells 
President 



mailto:Jwells@esgllc.net





JOHN H. BUTALA 
Diplomate – American Board of Toxicology 


 
Toxicology Consultants, Inc.                                                                                                                   724 443 0097 
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September 19, 2011 
 
Carcinogen Identification Committee 
California Science Advisory Panel 
Office of Environmental Health Hazard Assessment 
California Environmental Protection Agency 
 
Subject: Comments on the statistical evaluation and interpretation 
of female CD-1 mouse lung tumors in the Chloropicrin inhalation study 
 
 


The California Office of Environmental Health Hazard Assessment (OEHHA) has 
applied an Animal Data Screen and preliminary toxicological evaluation to chloropicrin and is 
proposing it for review by the Carcinogen Identification Committee (CIC) for inclusion as a 
Proposition 65 carcinogen.  No cancer epidemiology studies were identified for chloropicrin.  In 
its Animal Data Screen OEHHA identified five animal cancer bioassays conducted on 
chloropicrin.  OEHHA also cited in vivo and in vitro genotoxicity data to support its position that 
chloropicrin passed the Animal Data Screen.          
 


According to OEHHA, the Animal Data Screen is based on animal cancer bioassay 
results in which any of the following criteria are met: 
 Two or more positive animal cancer bioassays;  
 One positive animal cancer bioassay with findings of tumors at multiple sites or with  
                   malignant (or combined malignant and benign) tumors occurring to an unusual  
                   degree with regard to incidence, site, type or tumor or age at onset; 
 One positive animal cancer bioassay and evidence from a second animal cancer bioassay  
                   of benign tumors of a type known to progress to malignancy. 
A positive bioassay is one in which a statistically-significant increase in tumor formation occurs 
as a result of treatment with test material, or any increase in a biologically significant tumor (rare 
tumor) is seen.  
             


In its CIC document for chloropicrin, OEHHA claims that two of five rodent bioassays 
show an increased incidence in tumor formation as a result of treatment with chloropicrin and 
three show no evidence of tumor formation.  In vitro genetic toxicity data show mixed results 
even for the same endpoint in the same test system but are uniformly negative for genetic 
toxicity in vivo. 
 
The rodent bioassays reviewed by OEHHA are: 
1)   Chloropicrin: Vapor Inhalation Oncogenicity Study in CD-1 Mice. (BRRC Project 92-
N1106, 1994) 
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2)   Chloropicrin: Vapor Inhalation Oncogenicity Study in CD Rats. (BRRC Project 92-N1105, 
1995) 
 
3)   Bioassay in Mice of Chloropicrin for Possible Carcinogenicity . (NTP, 1978) 
  
4)   Bioassay in Rats of Chloropicrin for Possible Carcinogenicity (NTP, 1978). 
 
5)   Two-Year Oral (Gavage) Chronic Toxicity Study of Chloropicrin in Rats. (IRDC Study 
Number 565-003, 995). 
 


The studies OEHHA believes to be positive for tumor formation are the chronic 
inhalation study in mice and the chronic oral gavage study in rats. (BRRC 1994; IRCD 1995). 
These studies were reviewed by California DPR when submitted by the sponsors of the work, the 
Chloropicrin Manufacturers Task Force (CMTF), and were judged to be negative for evidence of 
carcinogenicity.  OEHHA reviewed the mouse inhalation study and used it as the Critical Effect 
Study for the current Chronic Reference Exposure Level (REL)1.  In its REL review of the 
mouse inhalation study, OEHHA did not consider that the study results supported a finding of a 
carcinogenic effect.   
 
  In November, 2009 California DPR (and shortly thereafter, OEHHA) changed their 
assessment of the chloropicrin bioassays and concluded that the mouse inhalation bioassay 
provided evidence of a carcinogenic effect in the lungs of female mice.  This change occurred 
without the benefit of any new data but instead was postulated based on a new but questionable 
statistical analysis of the original study data.      
 


Consideration of the chronic oral study in rats as establishing a carcinogenic effect of 
chloropicrin has emerged from OEHHA only with the July, 2011 issue of their CIC prioritization 
document.   
 


The CMTF disagrees with OEHHA’s conclusions on the results of animal bioassays 
completed with chloropicrin.  The Task Force also disagrees with OEHHA’s conclusion on the 
potential for chloropicrin genetic toxicity and its relevance to a carcinogenetic mechanism.  
Decisions on carcinogenicity should be made on a weight-of-evidence basis and OEHHA failed 
to consider the weight-of-evidence available for each of the chloropicrin bioassays as well as the 
chloropicrin genetic toxicology information.  OEHHA compounded its error in basing its 
decision on bioassay results from one sex of one species by inappropriately applying the 
statistical test it relied on to derive its conclusion that female mice developed lung tumors as a 
result of inhalation exposure to chloropicrin.  That test, the poly-3 test was developed by 
toxicologists and biostaticians at the National Toxicology Program (NTP).  The CMTF asked Dr. 
Joseph Haseman for his interpretation of the rodent carcinogencity data on chloropicrin.  
 


Dr. Haseman served for 34 years as a biostatistician at the NTP and was in charge of 
statistical review of rodent cancer bioassay results.  Dr. Haseman’s reputation as an expert in 


                                                 
1 http://www.oehha.ca.gov/air/chronic_rels/pdf/chloropicrin.pdf  
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biostatics of rodent cancer bioassays is worldwide.  His full opinion is attached to this letter.  Dr. 
Hasemen concluded that:  
 


Based on a weight of evidence approach, I conclude that the marginal chloropicrin female 
mouse lung tumor “effect” is, at best, an uncertain or “equivocal” finding.  I base this 
conclusion on (i) statistical significance of the lung tumor effect is marginal and depends 
upon which statistical test is applied to the data; (ii) the potential lung tumor effect does 
not fit the typical profile of a mouse lung carcinogen, in that it is a weak effect in one sex 
only; (iii) the lung tumor increase in the high dose group is not statistically significant 
when multiple comparisons are taken into account; (iv) the lack of any effect on tumor 
latency; (v) there is no meaningful historical control data that could be used to support 
the possible effect; (vi) the resulting pattern of lung tumors is very similar to the 
“equivocal” lung tumor effects seen in NTP inhalation studies; and (vii) lung toxicity 
could complicate the interpretation of lung tumor effects.  Moreover, this lung toxicity 
was seen in both males and females, but only the females showed a significant increase in 
lung tumors.   


 
Clearly, the lung tumor response seen in female mice in the chloropicrin study does not 
reflect the response of a potent lung carcinogen.  It my opinion, it is very likely a “false 
positive” rather than reflecting a true carcinogenic effect. 


     
Dr. E. E. McConnell is the former Director of the Division of Toxicology Research and 


Testing Program, NIEHS Toxicology Research and Testing Program.  In that capacity Dr. 
McConnell had oversight of the pathology function of NTP cancer bioassay work.  He is a noted 
veterinary pathologist who has served on numerous international cancer pathology expert panels.  
Dr. McConnell reviewed the mouse lung pathology cited by OEHHA as evidence of 
carcinogenicity and compared it to the Animal Data Screen Criteria used by OEHHA for 
consideration of a compound as a Proposition 65 carcinogen.  Dr. McConnell concluded:    
 


In summary, the available data on the potential carcinogenicity of chloropicrin in animals 
do not fit any of the above (Animal Data Screen) criteria.  Therefore, I do not feel it is 
appropriate to include chloropicrin on the list of chemicals to be evaluated for 
consideration by the Carcinogen Identification Committee.   


  
Because the in vitro genetic toxicity studies on chloropicrin are both positive and 


negative for mutation or genetic toxicity but the in vivo studies are negative for genetic toxicity, 
the CMTF believes that the weight-of-evidence of these data do not support a carcinogenic 
mechanism for chloropicrin.  The CMTF asked another expert to review the genetic toxicity data 
available for chloropicrin.  Dr. Errol Zeiger, also formerly with the NTP, is a globally-recognized 
expert on genetic toxicology and particularly the application of genetic toxicity data to 
carcinogen evaluation.  Dr. Zeiger reviewed the genetic toxicity report for chloropicrin and 
concluded the following: 
 


Therefore, it is my opinion that, in the absence of a definitive determination of 
carcinogenicity in female mice, it is not appropriate to classify chloropicrin as a 
carcinogen that acts via a genetic mode of action. 
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The full report and curricula vitae for each of these experts are attached to this letter.  It 


should be emphasized that the selection of former NTP lead scientists to review chloropicrin 
bioassay and genetic toxicology data was the result of careful consideration to obtain the most 
rigorous review by the most experienced scientific experts in the field of rodent carcinogenicity 
testing.  The NTP has completed more rodent bioassays for carcinogenicity than any 
organization in the world.  The three scientists who agreed to review chloropicrin data combine 
for nearly 100 years of experience in scientific leadership roles at NTP.  Each has an 
international reputation as a premier expert in their field.  It is worthy of special note that each of 
these experts has focused on identification of possible carcinogenic activity in chemicals; they 
have made their careers defining the standards for recognizing evidence of carcinogenic activity.  
When individually and particularly collectively they conclude that there is not sufficient 
evidence to establish carcinogenic activity of a compound, it is with great authority that they do 
so.    
 


In addition to females in the mouse inhalation study, OEHHA claims that there is a 
treatment-related increase in female mammary fibroadenomas in the 104-week rat oral study.  
The number of tumor-baring animals was: 6, 9, 12 and 14 for the control, low-mid- and high-
dose (30 per group).  The Animal Data Screen prepared by OEHHA maintains that the mammary 
tumor incidence was increased by pairwise comparison and by trend testing.  Details of the 
statistical test reference by OEHHA were not included in their report.  However, the study 
statistician reports that only the high-dose was increased when analyzed by the Fisher Exact Test 
for pairwise comparison and no there was no positive trend when tested with the Cochran-
Armitage Trend Test.  The study pathologists noted that the significance of the high-dose 
incidence is unclear because fibroadenomas in this study were within the range of historical 
controls for the testing facility (55%) as well as within the spontaneous range reported by the 
animal breeder, 62% (Galkins and Clifford, 2004).  Fibroadenomas are one of the most common 
and variable lesions occurring in Sprague-Dawley rats.  The concurrent control incidence of 20% 
was unusually low and well below the historical control minimum of 33% reported by the 
breeder, Charles River laboratories.  The study pathologists pointed out that there was no 
evidence of a dose-related increase in proliferative mammary gland lesions such as hyperplasia, 
adenoma, adenocarcinoma and squamous cell carcinoma.  In addition to the study pathologists’ 
diagnosis, the sponsors of the test, the CMTF, requested an independent pathology peer review 
of the histopathology data from this study.  That peer review, conducted by Experimental 
Pathology Laboratories, Inc., confirmed the study pathologists’ diagnoses.        
 


The table below compares toxicology data on chloropicrin as presented by OEHHA in its 
Data Screen with the weight-of-evidence associated with each Data Screen component.     
The criteria for passing the screen are: 


1)  Two or more positive animal cancer bioassays;  
 2)  One positive animal cancer bioassay with findings of tumors at multiple sites or with  
                  malignant (or combined malignant and benign) tumors occurring to an unusual  
                  degree with regard to incidence, site, type or tumor or age at onset; 
 3)  One positive animal cancer bioassay and evidence from a second animal cancer  
                 bioassay of benign tumors of a type known to progress to malignancy. 
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It is clear that none of the three criteria for passing the data Screen are met with chloropicrin.   
 


COMPARISON OF OEHHA SCREEN AND 
CIC ANIMAL DATA CREEN CRITERIA FOR PROP 65 LISTING 


 
OEHHA SCREEN FINDINGS EVIDENCE FOR POSITIVE ANIMAL 


CANCER BIOASSAY 
78-Week Inhalation Study in Mice 
       - Increase in lung adenoma in female mice 


Incidence of lung adenoma in females is not 
statistically-significant. 
See reports of J. Haseman, Ph.D.; 
                       E. McConnell, DVM 
                       E. Zeiger, Ph.D. 


78-Week Inhalation Study in Mice 
      - No treatment-related tumors in males 


No Evidence 


107-Week Inhalation Study in Rats 
      - No treatment-related tumors in females 


No Evidence 


107-Week Inhalation Study in Rats 
      - No treatment-related tumors in males 


No Evidence 


78-Week Oral (gavage) Study in Mice 
       - No treatment-related tumors in females 


No Evidence 


78-Week Oral (gavage) Study in Mice 
      - No treatment-related tumors in males 


No Evidence 


78-Week Oral (gavage) Study in Rats 
       - No treatment-related tumors in females 


No Evidence, but short survival time 


78-Week Oral (gavage) Study in Rats 
      - No treatment-related tumors in males 


No Evidence, but short survival time 


104-week Oral (gavage) Study in Rats  
     - Increase in mammary fibroadenoma by  
        pairwise and trend tests 


Fibroadenoma very common spontaneous 
tumor in SD rats 
Fibroadenoma incidence within laboratory and 
breeder historical control range; 
Concurrent study control fibroadenoma below 
historical control range; 
No increase in other mammary tissue 
proliferative lesions  
Study pathology diagnoses confirmed by 
indeopendent peer-review patholopgy analysis 


104-week Oral (gavage) Study in Rats 
      - No treatment-related tumors in males 


No Evidence 


Mixed genetic toxicity  In vitro genetic toxicity data show mixed 
results even for the same endpoint in the same 
test system but are uniformly negative for 
genetic toxicity in vivo. 
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September 13, 2011 
 
Carcinogen Identification Committee 
California Science Advisory Panel 
Office of Environmental Health Hazard Assessment 
California Environmental Protection Agency 
 
 


Subject:  Comments on the statistical evaluation and interpretation  
of female CD-1 mouse lung tumors in the Chloropicrin inhalation study 


 
Interpretation of rodent carcinogenicity studies should be based on a weight of evidence 
evaluation of the data.  There are a number of factors that influence the overall evaluation and 
interpretation of the female mouse lung tumors in the chloropicrin study.  Seven of these are 
discussed below. 
 
 
I.  Statistical analysis used 
 
The original statistical analysis of lung tumors in the chloropicrin inhalation study apparently 
consisted of two-tailed Fisher’s exact tests for pairwise comparisons.  A Fisher’s exact test is 
very reasonable for studies such as this in which there is no mortality effect, although I would 
have preferred a one-tailed rather than a two-tailed test, since the purpose of the study is to 
identify possible rodent carcinogens (a one-sided alternative).  I note that the California EPA 
report cited a Fisher’s exact test p value of 0.053 for the high dose female mouse lung tumor 
effect.  This is a one-tailed p value, so if they were citing the original analysis, the original p 
values may have been one-tailed after all.  Regardless, the lung tumor increase in the high dose 
chloropicrin female mice is not significant (p<0.05) by a Fisher’s exact test. 
 
However, the California EPA Report reanalyzed the data using a poly-3 test, which makes a 
specific adjustment for survival differences among groups, and found that the increased lung 
tumor incidence in the high dose female mouse chloropicrin group was statistically  significant at 
the p<0.05 level (p=0.0189)   Since the chloropicrin study showed no significant survival 
differences among dosed and control groups, a survival-adjustment is not needed.  In fact, for 
this particular study, I actually prefer the simpler Fisher’s exact test to the poly-3 survival-
adjusted test for several reasons. 
 
It has been noted that the NTP now routinely uses the poly-3 test.  Bailer and Portier (1988) 
derived the poly-3 test using extensive time-to-tumor appearance data for a variety of tumors in 
NTP 2 year carcinogenicity bioassays in Fischer 344 rats and B6C3F1 mice.  I support using the 
poly-3 test as the NTP does, even when there is no survival difference among groups, but that is 
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because the specific survival adjustment (a poly-3 adjustment) has been validated for the animal 
models used by the NTP. 
 
However, the specific survival adjustment derived by Bailer and Portier was optimized for the 
specific strains and species used by the NTP.   There is no guarantee that this specific survival 
adjustment will be appropriate for a different strain of mouse, especially one that apparently has 
a different life span.  The specific adjustment factor of “3” (i.e., a poly-3 adjustment rather than a 
poly-1, poly-5 or poly-37)  was linked to the specific tumor data for B6C3F1 mice and F344 rats. 
 If there were a marked survival difference among groups, then in my opinion the use of the 
poly-3 test even for an “unvalidated” animal model would be preferable to no survival 
adjustment at all, but that is not the case in the chloropicrin study.   
 
In my opinion, there is just no need to use an “unvalidated” poly-3 test in the chloropicrin study 
to “adjust” for a survival difference that does not exist in the data.   
 
It cannot be argued that just because the overall lung tumor rate in female B6C3F1 mice and 
female CD-1 mice appears to be similar, then the poly-3 test can be extrapolated to the CD-1 
strain, because it is not the overall tumor incidence that is critical, but rather it is the time to 
tumor development coupled with the natural life span of the animal model.  Control data 
collected and maintained by Charles River, the breeder of CD-1 mice, demonstrate that the CD-1 
mouse has a shorter life span than the B6C3F1 mouse (Charles River, 2005; Lang and White, 
undated report provided by Charles River).  Further evidence of this is provided by the fact that 
the 1995 chloropicrin study was terminated at 82 weeks, as per EPA cancer testing protocols 
prior to 1998, while the NTP studies in B6C3F1 mice are of a 104 week duration.  Whether  or 
not the pattern of tumor development over time in the two strains is the same is unknown. 
 
Investigators, even those very familiar with the poly-3 test, can speculate that it is probably OK 
to extrapolate the poly-3 test to a different animal model with a different natural lifespan and a 
difference pattern of tumor development, but this hypothesis is unproven.   I strongly suspect 
that if a validation study were carried out for CD-1 mice with the same thoroughness as was 
done for B6C3F1 mice and F344 rats, then a different adjustment factor (e.g., a poly-5 or poly-6 
test) might be optimal.  However, this too is just unproven speculation.  The fact is that the poly-
3 test has not been validated for application to the CD-1 mouse, so its use with that strain is 
uncertain and could be misleading.   Thus, since there is no survival difference to adjust for in 
the chloropicrin study, it make sense to carry out the simple Fisher’s exact test. 
 
I would have no objection to (and in fact would even recommend) a “survival-adjusted version” 
of Fisher’s exact test that eliminates from consideration all animals dying prior to the appearance 
of the first tumor (a common practice in the literature).  Such an adjustment would eliminate 
from the statistical analysis those animals dying early in the study, animals that are not really at 
risk for developing the tumor in question.  However, such a calculation would require the 
individual animal tumor and survival data.  
 
Finally, we can debate the relative merits of the poly-3 and Fisher’s exact tests for application to 
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the chloropicrin lung tumor data, but the fact is that one produces results that are marginally 
significant (p<0.05), and the other produces results that are not significant at the p<0.05 level.  
Thus, if the carcinogenic effect of chloropicrin is “real” (which is doubtful), it  certainly does not 
reflect the response of a potent lung carcinogen, since its statistical significance depends upon 
which specific statistical procedure is used to evaluate the data. 
 
 
II.  Adjusting for Multiple Comparisons 
 
Because of the multiplicity of tumor sites/types evaluated in a typical rodent bioassay, it is well 
recognized that “statistically significant” tumor increases can easily arise by chance.  Thus, to 
avoid such “false positive” outcomes, it is common practice to take multiple comparisons into 
account when interpreting experimental results.  There are many different ways that this can be 
accomplished, but the procedure that is most widely used in practice (see, e.g, Changelis et al, 
2006a, 2006b; Helm et al., 2007; Jolette et al, 2006; Long et al., 2008, 2009; Shuey et al, 2007’ 
Thomas et al, 2007; Vahle et al, 2004, 2004) is application of the FDA Guideline (Lin and 
Rahman, 1998; FDA, 2001).  This guideline requires statistical significance of p<0.01 for a 
pairwise comparison in order for an increase in a common tumor such as female mouse lung 
tumors to be considered a biologically significant effect.  This interpretative process reduces the 
overall false rate to an acceptable level (approximately 10%; see Lin and Rahman, 1998). 
 
The high dose female mouse lung tumor pairwise comparison p value by either Fisher’s exact 
test (p=0.053) or by a poly-3 test (p=0.0189) does not satisfy this guideline.  Thus, the increased 
incidence of lung tumors in the high dose group is not statistically significant when multiple 
comparisons are taken into account. 
 
I have heard arguments that protecting public health is so important that the high false positive 
rate associated with the p<0.05 criterion for statistical significance is OK; the goal should be to 
guard against false negatives at all cost and not worry about false positive rates, even though (i) 
it has been demonstrated that such an approach in a two-sex, two-species rodent cancer bioassay 
can produce false positive rates in the neighborhood of 70%; and (2) using such an approach is 
inconsistent with how the NTP and most other scientific organizations interpret the results of 
rodent bioassays.   
 
However, I reject these arguments.  In my opinion, even though the ultimate goal is to protect 
public health, a 70% overall false positive rate is just not acceptable.  Fortunately, in the case of 
chloropicrin, there are other reasons to discount the borderline lung tumor increase in high dose 
female mice in addition to the multiple comparisons argument. 
 
 
III.  The pattern of lung tumor response seen in the chloropicrin study is not typical of a mouse 
lung tumor carcinogen 
 
It is very important to understand if there is experience supporting whether a relatively weak 
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lung tumor response limited to a single sex should be considered a mouse lung carcinogen.  I 
examined the huge data base of NTP studies, and found that 88% of the inhalation studies 
showing mouse lung tumor effects (15/17) showed carcinogenic effects in both sexes (see Table 
1 below).  Moreover, the two exceptions (Table 2) showed much stronger lung tumor effects in 
the one affected sex than that seen in the chloropicrin study.  These data also provided no 
evidence that female mice are more susceptible to developing lung tumors than male mice.   
 
Table 1:  NTP mouse inhalation studies showing carcinogenic lung effects in both sexes (15 
studies) 
 
Chemical                                   TR (Technical Report Number) 
1,3 Butadiene                           288 
1,3 Butadiene                           434 
Chloroprene                             467 
Cobalt Sulfate Heptahydrate    471 
1,2-Dibromo-3-chloropropane  206 
1,2-Dibromoethane                  210 
Ethylene Oxide                        326 
Indium Phosphide                    499 
Isobutyl Nitrite                          448 
Methylene Chloride                  306 
Molybdenum Trioxide              462 
Nitromethane                            461 
Ozone                                       440 (male effect only equivocal) 
Tetranitromethane                    386 
Vanadium Pentoxide                507 
 
 
Table 2:  NTP mouse inhalation studies showing carcinogenic lung effects in one sex (2 studies) 
 
Chemical                          TR   Sex   Lung tumor rates                   P values 
                                                                                                    Trend   High dose 
Ethyl Benzene                  466   M     7/50-10/50-15/50-19/50     0.004    0.008 
Naphthalene                     410   F      5/69-2/65-28/135                0.001    0.007 
 
 
Thus, the pattern of lung tumor response shown by chloropicrin female mice is not typical of that 
seen for mouse lung carcinogens in NTP inhalation studies.  If  chloropicrin is to be considered a 
lung carcinogen in female mice, then it should be explained why chloropicrin (contrary to the 
usual pattern observed for mouse lung carcinogens) does not show the same effect in male mice, 
and why the effect is so marginal in female mice.  It cannot be argued that the “female only” 
lung tumor response is because the female mice show a slightly stronger effect than males for 
certain non-neoplastic lung lesions (discussed below), because the gender differences in the 
incidence of these lesions are minimal.  For example, high dose incidences of bronchiectasis are 
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44/50 for female mice and 41/50 for male mice vs. a zero incidence in both control groups. 
 
In fact, because both males and females show significantly elevated rates of the same spectrum 
of non-neoplastic lung lesions (alveolar histiocytosis, peribronchial lympocytic infiltrates, 
bronchiectasis, bronchial submucosal fibrosis), it is all the more reason why the two genders 
should also agree with regard to lung tumors.  However, they do not.  The likely explanation is 
that the marginal increase in lung tumors seen in high dose female mice is a “false positive” 
outcome and not a real biological effect. 
 
 
IV.  How the NTP (and other scientific organizations) would interpret a lung tumor effect similar 
to the one observed in the chloropicrin study 
 
In the database of NTP studies, there were three inhalation studies showing single-sex lung 
tumor effects that the NTP considered “equivocal” in nature (see Table 3 below), and one of the 
three (bromoethane) showed a tumor trend (control, 7/50; low dose, 6/50; mid dose, 12/50; high 
dose, 15/50) very similar to that seen for chloropicrin (13/48. 12/48, 20/47, 22/49).  Moreover, 
the associated p values were also similar.  Note also that, although the NTP uses no rigid rule in 
its decision making process, the final judgments in each study (see Tables 1-3) were consistent 
with the FDA Guideline noted above. 
 
 
Table 3:  NTP mouse inhalation studies showing equivocal carcinogenic lung effects in one sex 
(3 studies) 
 
Chemical                      TR   Sex   Lung tumor rates                   P values 
                                                                                                  Trend    High dose 
Bromoethane               363   M     7/50-6/50-12/50-15/50        0.012      0.049 
Divinylbenzene           534   F      6/50-12/50-8/50-13/49         0.161      0.092 
Nickel (II) Oxide         451    F    6/64-15/66-12/63-8/64     Not significant  (low dose:  p=0.043) 
 
 
Thus,  I believe that had chloropicrin been an NTP study, the final conclusion would have been 
that the increased incidence of lung tumors in female mice were an equivocal or uncertain effect. 
 Other organizations that use the FDA Guideline might have concluded that the study was 
negative.   
 
I reject the view that the NTP (generally regarded as the gold standard for rodent carcinogenicity 
testing) is just too conservative in their interpretation of experimental results.  The more 
common criticism is that the NTP is too aggressive, finding >50% of the substances it tests to be 
rodent carcinogens.  If the NTP used the same aggressive interpretative strategy used by the 
California EPA for chloropicrin, the percentage of substances evaluated by the NTP found to be 
rodent carcinogens would very likely be 80% or more, many of which would be “false 
positives”, just as I suspect that chloropicrin is in the current study.  
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V.  Historical control data 
 
Normally, for borderline effects such as that seen for lung tumors in the chloropicrin female 
mouse study, relevant historical control data could be used to assist in the overall evaluation.  
Unfortunately, there apparently are no relevant historical control data in this instance.  The 
California EPA report states that no historical control data are available for this lab, and the 
Charles River data that are available (Charles River, 2005) are a hodgepodge of studies ranging 
in duration from 78 to 104 weeks.  Moreover, none of these studies are inhalation studies. 
 
More troubling is the fact that the control incidence of lung adenoma in female mice in the 
chloropicrin study (13/48, 27.1%) is well outside the range found in the 25 78-week studies (0-
16%; see Charles River, 2005).  The fact that the concurrent controls are an outlier relative to the 
78-week Charles River historical control data indicates that the historical data are essentially 
useless in the evaluation of the potential chloropicrin effect on lung tumors.  Certainly, the 
argument cannot be used that chloropicrin is a lung carcinogen in female mice because the dosed 
group tumor rates fall outside the historical control range, because the concurrent control lung 
tumor rates falls well outside the range as well.   
 
One possible explanation for the high incidence of lung tumors in all groups in the chloropicrin 
study is that all of the Charles River studies were either dietary or gavage studies; none were 
inhalation studies.  It is likely that inhalation studies require a closer examination of the lung 
(possibly with more lung tissue samples) than non-inhalation studies, which would result in more 
lung tumors being diagnosed than in non-inhalation studies. 
 
Finally, I disagree with the specious argument that because the concurrent control lung tumor 
rate is so high, the slight, but significant increase seen in female mice in the high dose 
chloropicrin group is somehow more meaningful and biologically important than it would have 
been if the concurrent control rate had been “normal”.   The fact is that the historical control data 
are just not relevant to the interpretation of this particular study.  The study durations are 
different, the routes of administration are different, and the underlying tumor rates are very 
different. 
 
 
VI.  Tumor latency 
 
I do not consider the 11 day reduction in average time to lung tumor in high dose female mice 
(554 to 543) noted in the California EPA report to be biologically significant, especially since, as 
noted in the report, this reduction is due entirely to two high dose animals who died early of 
unrelated causes.  Apparently, the vast majority of lung tumors were seen in animals sacrificed at 
the end of the study at 82 weeks. A “real” lung carcinogen would likely reduce tumor latency as 
well as increase tumor incidence, so the lack of reduced latency in the chloropicrin study further 
suggests that the lung tumor effect is spurious. 
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     Adjunct Associate Professor, School of Veterinary Medicine, North Carolina State University, 1978 to  
 present  
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     Panel Member, IARC Working Group on the Evaluation of the Carcinogenic Risk of Chemicals to  
 Humans - Silica and Some Silicates, Lyon, France, June 1986  
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 Cancer Risks Associated with the Ingestion of Asbestos”, 1987. 
     President, American Board of Toxicology, 1987-1988  
     Panel Member, Health Consequences of Occupational Exposure to Man-Made Mineral Fibers, TIMA,  
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 Associated with Cancer in Humans, Lyon, France, March 1987  
     Vice Chairman, IARC Working Group on Man-Made Mineral Fibers and Radon, Lyon, France, June, 1987  
     Panel Member/Rapporateur, IPCS/MARC Task Group Meeting on Man-Made Mineral Fibers, London,  
 England, September 1987                          
     Distinguished Alumnus, College of Veterinary Medicine, The Ohio State University, June, 1988    
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 Protection Agency, 1988. 
     Member, Committee on Toxicology, National Research Council, Board on Environmental Studies on  
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     Lecturer, Brookings Institute, 1989 
     Panel Member (ad hoc), EPA-FIFRA Scientific Advisory Panel, 1989 
     Panel Member/Rapporateur, IPCS/MARK Task Group Meeting on Benzene, Hannover, Germany,  
 December, 1991.  
     Panel Member, EPA-FIFRA Scientific Advisory Panel, 1992-2000 
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     Panel Member,, IPCS/MARK Task Group Meeting on Chloroethers, London, England, March, 1996. 
     Panel Member, National Research Council, Commission on Life Sciences, Subcommittee on  
 "Toxicological and Performance Aspects of Oxygenated Motor Vehicle Fuels", 1996  
     Panel Member, EPA Scientific Advisory Board, Committee on Environmental Health, Ad Hoc member 
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          Neurtoxicology Guidelines; Chair - Thyroid Carcinogenesis Guidelines, 1996 
     Panel Member, EPA Food Quality Protection Act Advisory Board, 1996 
     Member, ILSI Risk Science Institute Working Group on Dose Selection, 1996 
     Panel Member, EPA Science Advisory Board, EPA Proposed Guidelines for Carcinogenic Risk  
 Assessment, 1997      
     Panel Member,, IPCS Workshop on Issues in Cancer Risk Assessment. Hannover, Germany,  January  
 1998 and January, 1999. 
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     CoChair, EPA SAB/SAP Joint Meeting ‘Testing of Pesticides in Human Subjects’, Dec 1998 and Nov  
 1999. 
     CoChair, EPA SAB/SAP Joint Meeting ‘Endocrine Disruptors’, March 1999. 
     Panel Member, National Research Council, Commission on Life Sciences, Subcommittee on "Review of  
 the US Navy’s Exposure Limits for Manufactured Vitreous Fibers”, 1999-2000. 
     Invited Expert Testimony on Trichloroethylene, Australian Solicitor General, Melbourne, Australia, 
Nov.  
 1999.  
     Panel Member, International Conference of the World Health Organization. “Advancing Knowledge on  
         Regulating Tobacco Products”, Oslo, Norway, February, 2000. 
     Moderator, 2000 Society of Toxicology “Issue” Session, “The Value and Ethics of Using Human Data 
for  
 the Registration of Pesticides”, Philadelphia, PA, March 2000. 
     Chair, Review of the Toxicology Program, Lovelace Respiratory Research Institute, Albequerque, NM,  
 April 2001. 
     Rappatour, ILSI Agricultural Chemical Safety Assessment, Workgroup #1, April, 2001. 
     Session Chair, Risk Assessment Methods, “2001 Asbestos Health Effects Conference”, Oakland, CA,  
 May 2001. 
     Member, Lovelace Respiratory Research Institute’s “Research Programs Oversight Committee’, 2002- 
     Member, ATSDR Expert Panel on Health Effects of Asbestos and Synthetic Fibers (SVF: The Influence of  
 Fiber Length. New York, NY. 29-30 October 2002. 
     Testimony before NRC/NAS Committee on the Use of Third Party Toxicity Research with Human  
 Research Participants. Washington, DC. 19 March 2003. 
     Member, International Symposium on the Health Hazard Evaluation of Fibrous Particles Associated  
 with Taconite and the Adjacent Duluth Complex. October 2002. 
     Member, EPA Asbestos Mechanisms of Toxicity Workshop, Chicago, IL. 12-13 June 2003. 
     Chair, Subcommittee on Emergency and Continuous Exposure Guidance Levels for Selected Submarine        
      Contaminents. National Academy of Sciences. 2003-2006. 
     Member, ILSI HESI Technical Committee on Agricultural Cemical Safety Assessment. 2003-2004. 
     Member, ILSI RSI Working Group on Testing of Fibrous Particles: Short-term Assay Methods and  
 Strategies. 2003-2004. 
     Member, EPA Science Advisory Panel on “A Comparison of the Results of Studies on Pesticides from 1-  
 or 2-year Dog Studies with Dog Studies of Shorter Duration”. 5-6 May, 2005. 
     Member, NSF International Health Advisory Board, Oct 2005- 
     Member, Homeland Security Agency panel on “Profisional Advisory Levels”, 2005- 
     Chair, National Research Council “Emergency and Continuous Exposure Guidance Levels for  Selected  
            Submarine Contaminents”, 2004-2007. 
      Presenter, NIOSH “Asbestos and Other Mineral Fibers: A Roadmap for Scientific Research.”  
 Washington, D.C. 4 May 2007. 
      Member, “The Safety of Quinacrine in humans When Administered as Intrauterine Doses for Non 
 -surgical Sterilization.” World Health Organization, Geneva, Switzerland. 8-10 Oct 2008. 
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A.E. Brix, J.F. Hardisty, and E.E. McConnell (2010) "Combining neoplasms for evaluation of rodent 
carcinogenesis studies" IN: CANCER RISK ASSESSMENT - CHEMICAL CARCINOGENESIS, HAZARD 
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8. McConnell, E.E. and Moore, J.A.:  Toxicopathology characteristics of the halogenated aromatics.  45th 
Meeting of the Interagency Collaborative Group on Environmental Carcinogenesis.  National Cancer 
Institute, May 23, 1979, Bethesda, MD.  
 
9. Boorman, G.A., McConnell,E.E., Cockrell, B.Y., Drew, R.T., Stone, C.J., Haseman, J.K. and Moore, J.A.:  The 
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16. Solleveld, H.A. and McConnell, E.E.:  Time-age associations in experimental oncogenesis.  Third 
International Symposium of the Society of Toxicologic Pathologists, Arlington, VA, 1984.  
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52. McConnell, E.E. A comparison of pleural mesotheliomas induced by asbestos and SV-40 virus in Syrian 
golden hamsters. Proceedings of the 7th International Symposium on Particle Toxicology. Maastricht, The 
Netherlands. 13-15 October 1999. 
 
53. Axten, C.W., Hadley, J., Hesterberg, T., McConnell, E.E. and Miiller. Fiber biopersistence as an indicator 
of potential pathophysiology – Results of a chronic inhalation study. Proceedings of the 7th International 
Symposium on Particle Toxicology. Maastricht, The Netherlands. 13-15 October 1999. 
 
54. Thevenaz, Ph., Jones, A.D., Miiller, W., Axten, C.W., Hestergerg, T.W., Hadley, J., McConnell, E.E. and 
Dotti, A. Influence of methodology on reported lung burden and fiber concentrations for inhalation 
studies with man-made fibers: Part 1 – Aerosol generation and exposure methods. Proceedings of the 7th 
International Symposium on Particle Toxicology. Maastricht, The Netherlands. 13-15 October 1999. 







 
 22 
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University, Columbus, OH, May 1979.  
  
19. "Comparative Toxicity of Related Halogenated Hydrocarbons," Armed Forces Institute of Pathology, 
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27. "Effects of Subchronic Chlordecone Exposure on the Fertility of Female Rats," North Carolina Chapter 
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36. "Dioxins in the Environment," Human Health and Toxicity Workshop, Michigan State University, East 
Lansing, MI, December 1983.  
  
37. "Toxic and Carcinogenic Responses in Experimental Animals Administered Dibenzo-p-dioxins and 
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Meeting, Durham, NC, April 1984.  
  
39. "Studies on the Bioavailability in Guinea Pigs of Dioxin in Soil," Society of Toxicology Meeting, Atlanta, 
GA, March 1984.  
  







 
 25 


40. "NTP Program Update," European Toxicology Forum, Geneva Switzerland, September 1984.  
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Pesticides & Toxic Substances Seminar Program, EPA, Washington, D.C., April 1986.  
  
56. "Environmental Toxicology in the Mid-Eighties:  Interfacing with the Toxicologist," FASEB 70th Annual 
Meeting, St. Louis, Missouri, April 1986.  
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57. "NTP's Response to the Ad Hoc Panel Recommendations," FEMA Annual Meeting, Palm Beach, Florida, 
April 1986.  
  
58. "Studies on the Toxicity of Methyl Isocyanate, the Chemical Responsible for the Bhopal Disaster," 
North Carolina State University Microbiology Seminar Series, Raleigh, North Carolina, April 1986.  
  
59. "Options for Aggregation of Incidence Data," Interdisciplinary Discussion Group on Carcinogenicity 
Studies (ILSI NF), Chapel Hill, North Carolina, June 1986.  
  
60. "NTP Evaluation of Experimental Studies," The Toxicology Forum 1986 Annual Summer Meeting, 
Aspen, Colorado, July 1986.  
  
61. "NTP Response to the Report of the Ad Hoc Panel on Chemical Carcinogenesis Testing and 
Evaluation," The Toxicology Forum 1986 Annual Summer Meeting, Aspen, Colorado, July 1986.  
  
62. "Inhalation Study of Wollastonite in Rats," SAE's 4th Annual Colloquium on Brakes, Atlantic City, NJ, 
October, 1986.  
  
63. "Considerations in Determining the Estimated Maximum Tolerated Dose," Pharmaceutical 
Manufacturers' Association Drug Safety Subsection meeting, Nashville, TN, November, 1986.  
  
64. "Current Status of the Issue of Maximum Tolerated Dose (MTD) within the U.S. National Toxicology 
Program," 26th Annual Meeting of the Society of Toxicology, Washington, D.C., February, 1987.  
  
65. "Federal Perceptions of Board Certification," Spring Meeting and Reception for Members of 
Association of Government Toxicologists, Bethesda, MD, May, 1987.  
  
66. "Gavage Studies in Mice and Rats," Paradichlorobenzene Symposium (Sponsored by CIIT and 
Chlorobenzene Producers Association), Washington, D.C., July 1987.  
  
67. "NTP Database," Meeting of the Ad Hoc Working Group on Carcinogenicity Testing, Washington, D.C., 
July 1987.  
  
68. Rapporateur at Mouse Liver and Rat Kidney Tumors Workshop, EPA Science Advisory Board, 
Environmental Health Committee and Halogenated Organics Subcommittee, Washington, D.C., August 
1987.  
 
69. "Toxicology Learned the Hard Way," Principles of Toxicology, Boston Univ., August, 1988. 
 
70. "Mouse Liver Tumors: The Problem," Mouse Liver Carcinogenesis Conference, Austin, TX, November, 
1988. 
 
71. "Biology Issues in the Statistical Evaluation of Rodent Carcinogenicity   
Studies," Course on Biostatistics, International Agency for Research on Cancer, Lyon, France, December, 
1988.  
 
72. "Pitfalls in Carcinogenesis Testing," North Carolina State University, Graduate Course VMS 643 
"Rodent Toxicologic Pathology", December, 1988. 
 
73. "Maximum Tolerated Dose: The Debate," Brookings Institute, Washington, D.C., May, 1989 and 
Research Triangle Chapter, Society for Risk Analysis, Research Triangle Park, NC, May, 1989.  
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74. "The Search for Adequate Bioassay Data: Crude Biology Versus Statistics," Trace Substances in 
Environmental Health, Annual Meeting of the Society for Environmental Geochemistry and Health, 
Cincinnati, OH, May, 1989. 
 
75. "Animal Bioassays: Using Protocols and Interpreting Results," Regional Risk Assessment Workshops, 
Workshop 1, Chicago, IL, June, 1989; Atlanta, GA, December 1989. 
 
76. "Target Organ Toxicity in Carcinogenesis," Annual Summer Toxicology Forum, Aspen, CO, July, 1989. 
 
77. "Toxicity Testing and Evaluation - Practical Considerations," International Training Workshop on Risk 
Assessment and Management, Chulabhorn Research Institute, Bangkok, Thailand, December 1989. 
 
78. "Update on the Search for Adequate Bioassay Data: Crude Biology Versus Statistics," Annual Meeting 
of the Society of Toxicology, Miami, FL, February, 1990. 
 
79. "Biological Effects of Dietary Restriction: An International Conference", Washington, D.C., March 1990. 
 
80. "Principles of Route-to-Route Extrapolation," (Rapporteur), Hilton Head, SC, March 1990. 
 
81. "Molecular Mechanisms of Fiber Cytotoxicity and Carcinogenesis," Banbury Center, Cold Spring 
Harbor Laboratory, NY, March 1990. 
 
82. "NTP Carcinogens - Interpretational Problems," International Workshop: Early Indicators of Non-
genotoxic Carcinogenesis, World Health Organization, Brussels, Belgium, June 1990. 
 
83. "Principles of Carcinogenesis,"  School of Pharmacy, Campbell University, Buies Creek, NC, October, 
1990. 
 
84. "Comparative Responses in Carcinogenesis Bioassays as a Function of Age at First Exposure," 
Similarities and Differences Between Children and Adults: Implications for Risk Assessment, ILSI/RSI, 
Hunt Valley, MD, November, 1990. 
 
85. "Ethylene Thiourea: A Case Study," Similarities and Differences Between Children and Adults: 
Implications for Risk Assessment, ILSI/RSI, Hunt Valley, MD, November 1990. 
 
86. "Problems and Considerations in the Design and Interpretation of Rodent Carcinogenesis Studies", 
Lectures as part of "Toxicologic Pathology" course, VMS 643, College of Veterinary Medicine, NCSU, 
December, 1990. 
 
87. "Toxicologic Studies", Man-made Mineral Fibers: Status of Health Risk Assessment", Johns Hopkins 
University, March, 1991. 
 
88. "Fiber Toxicity - Background and Historical Perspective", Society of Toxicologic Pathologists, Research 
Triangle Park, May 1991. 
 
89. "Animal Bioassay Issues/Use of QRA", International Society of Regulatory Toxicology and 
Pharmacology workshop "A Review of Risk Assessment and OMB's Report on its Application in 
Regulatory Agencies", Crystal City, VA, June 1991. 
 
90. "The Design, Conduct and Interpretation of Fiber Toxicity Studies", A. L. Bortree Lecture Series, 
Veterinary Science Dept., Pennsylvania State University, PA, September 1991. 
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91. "Fiber Toxicology in Experimental Animals: Results of Studies with Natural and Man-Made Mineral 
Fibers", Intramural Fiber Research Workshop, National Institute for Occupational Safety and Health, 
Morgantown, WVA, September 1991. 
 
92. "Conduct and Interpretation of Inhalation Studies of the Toxicity and Carcinogenicity of Man-Made 
Fibers", Workshop: Approaches to Evaluating the Toxicity and Carcinogenicity of Man-Made Fibers. 
Durham, NC, November 1991. 
 
93. "Man-Made Fibers: Review of Toxicology Data", '92 Annual Toxicology Forum, Washington, D.C., 
February 1992. 
 
94. Invited testimony before the German MAK Commission on MMVF's.  Munich, Germany, May 1992. 
 
95. "Man-Made Fibres: Validity of Methods for Assessment of Carcinogenicity of Fibres", WHO Regional 
Office for Europe, Copenhagen, 19-20 May, 1992. 
 
96. "Evaluation of Reduced Protocols for Carcinogenicity Testing of Chemicals", EPA, Washington, DC, 22-
23 Sept 1992. 
 
97. "Comparative Pathology of Chrysotile and Crocidolite Asbestos", TIMA/NAIMA Fiber Science 
Workshop, St. Petersburg, FL, 20 Jan 1993. 
 
98. "Relationship Between Pulmonary Fibrosis and Cancer", TIMA/NAIMA Fiber Science Workshop, St. 
Petersburg, FL, 20 Jan 1993. 
 
99. "The Toxicologic Pathologist in 2000 A.D.: Needs for Industry, Government and Academia", Role of 
Toxicologic Pathology in Safety Assessment. National Academy of Science, Washington, DC, 10 Feb 1993. 
 
100. "A Comparison of the Effects of Chrysotile and Crocidolite Asbestos in Rats after Inhalation", 
Toxicologic and Carcinogenic Effects of Solid Particles in the Respiratory Tract. 4th International 
Inhalation Symposium, Hannover, Germany, 3 March 1993. 
 
101. "Styrene/styrene oxide - Results of animal carcinogenicity studies", International Symposium on 
Health Hazards of Butadiene and Styrene, Helsinki, Finland, 21 April 1993. 
 
102. "The Impact of Toxicity Studies in the Regulatory Process", Dept. of Toxicology Seminar Series, 
Michigan State University, 3 June 1993. 
 
103. "The Toxicopathology of Inhaled Fibers", Department of Pathology, Michigan State University, 3 June 
1993.  
 
104. "Peer Review in Carcinogenicity Bioassays - Uses/Abuses", Society of Toxicologic Pathologists 12th 
International Symposium, Alexandria, VA, 28 June 1993. 
 
105. McConnell, E.E., Kamstrup, O., Musselman, R., Hesterberg, T.W., Chevalier, J. and Thevenaz, P. 
Chronic Inhalation Study of Size-separated Man-made Vitreous Fibers in Fischer 344/N Rats. 24th 
International Congress on Occupational Health, Nice, France, 30 October 1993.    
 
106. McConnell, E.E. Invited expert testimony  before the German Ministry of the Environment on MMVF's.  
Berlin, Germany, 9-10 December 1993. 
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107. McConnell, E.E. "Fiber-induced pathology in  experimental animals. Physiology and Cell Biology 
Conference, University of Rochester Pulmonary and Critical Care Unit, 20 December 1993. 
 
108. McConnell, E.E. "Talc: Consumer Uses and Health Perspectives" Panel Discussant, International 
Society of Regulatory Toxicology and Pharmacology, Bethesda, MD, 31 Jan - 1 Feb 1994. 
 
109. McConnell., E.E. "Advantages and limits of in vivo screening tests", Assessment of Toxicity of Man-
made Fibres, Paris, France, 3 Feb. 1994. 
 
110. McConnell, E.E. "Inhalation Studies: Methodologies Used and Current Studies", Symposium on 
Synthetic Vitreous Fibers: Scientific and Public Policy Issues. Crystal City, VA, 2-3 March 1994. 
 
111. McConnell, E.E.  "Historical Review of the Bioassay and Future Directions", Design and Interpretation 
of Animal Carcinogenicity Studies, Great Lakes Discussion Group of the Society of Toxicologic 
Pathologists, Cincinnati, OH, 24 March 1994. 
 
112. McConnell, E.E. Panel member "Workshop on Data Needs for Cancer Risk Assessment of MTBE", 
Baltimore, MD, 4 March 1995. 
 
113. McConnell, E.E. "Maximum Tolerated Dose versus Lung Burden: A Pathologists Point of View", 
Particle Overload in the Rat Lung: Relevance for Human Risk Assessment. MIT Toxicology Symposium, 
Cambridge, MA, 29-30 March 1995. 
 
114. "Dose Selection in Inhalation Studies", U.S. EPA Workshop, Chapil Hill, NC, 9-10 May 1995. 
 
115. "U.S. EPA Science Advisory Board Dioxin Reassessment Review", Herdon, VA, 15-16 May 1995. 
 
116. "FIFRA SAP Review, Chairman, Aquatic Risk Assessment and Mitigation, Crystal City, VA, 17 July 
1995. 
 
117. "EUROTOX-SOT DEBATE "Dose Setting for Carcingenicity Studies Should be Based on the Maximum 
Tolerated Dose", Prague, Chech Republic, 29 Aug 1995 and Anaheim, CA 12 March 1996. 
 
117. "Results of Life-time Inhalation Studies of Glass, Mineral and Slag Wools and Refractory Ceramic 
Fibres in Rodents", Symposium on the Health Effects of Fibrous Materials (excluding asbestos) Used in 
Industry, Sydney, Australia, 30-31 October, 1995. 
 
118. "The Rodent Bioassay in Perspective", 10th International Conference on Carcinogenesis & Risk 
Assessment, Austin, TX, 4 December 1996. 
 
119. McConnell, E.E., Miiller, W., Hesterberg, T.W., Thevenaz, P. and Axten, C. A comparison of the effects 
of chrysotile and amosite asbestos in hamsters after inhalation: Interim results. Society of Toxicology 
Annual Meeting, Cincinnatti, OH, 1997. 
 
120. McConnell, E.E. Selecting Doses for Chronic Rodent Bioassays. Brookings Institution. Washington, 
D.C. 3 April 1997. 
 
121. McConnell, E.E. Regulatory Toxicology: lecture for "Principles of Pharmacology", Medical College of 
Virginia, 28 April, 1997. 
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122. McClain, M. and McConnell, E.E. "Workshop on Screening Methods for Endocrine Disruptors in the 
Thyroid Function: Thyroid Hisopathology and Serum Hormone Analysis" Duke University, Durham, NC, 
24 June 1997. 
 
123. McConnell, E.E. Update on the 10X Childrens Safety Factor. Pesticide Program Dialogue Committee, 
Alexandria, VA 16 April 1998. 
 
124. McConnell, E.E. Cancer and Non-Cancer Responses to Inhaled Fibers, Validity of Animal Models for 
Human Respiratory Diseases. Lovelace Respiratory Research Insititute symposium, Santa Fe, NM, 29 
September 1998. 
 
125. McConnell, E.E. A Science-based Paradigm for the Classification of Synthetic Vitreous Fibers. 7th 
International Symposium on Particle Toxicology. Maastricht, The Netherlands. 13-15 October 1999. 
 
126. McConnell, E.E. Similarities and Dissimilarities of Mesotheliomas Induced by Asbestos and SV40. 
Experimental Pathology Branch, National Institute of Environmental Health Sciences (NIH), RTP, NC. 27 
October  1999. 
 
127. McConnell, E.E. A Comparison of Asbestos and Simian Virus 40 Induced Mesotheliomas in Animals. 
Defense Research Institute’s 20th Annual Asbestos Medicine Meeting, Las Vegas, NV. 12 November 1999. 
 
128. McConnell, E.E. A Science-based Approach to the Classification of Synthetic Vitreous Fibers. 26th 
International Congress on Occupational Health, Singapore, 30 August 2000. 
 
129. McConnell, E.E. Foot and Mouth Disease: A Review Lesions. North Carolina State University, April, 
2001 and National Institute of Environmental Health Sciences, NIH, 6 June 2001. 
 
130. McConnell, E.E. Animal Cancer Studies of Sodium Nitrite: Historical Review and Recent National 
Toxicology Program Bioassay Rresults. Institute of Food Technologists annual meeting, New Orleans, LA, 
24 June 2001. 
 
131. McConnell, E.E. Animal Testing and Chrysotile. Defense Research Institute’s 22nd Annual Asbestos 
Medicine Meeting, Phoenix, AZ. 2 November 2001. 
 
132. McConnell, E.E. Anthrax in South Africa.  National Institute of Environmental Health Sciences, 
Research Triangle Park, NC. 14 November 2001. 
 
133. McConnell, E.E. Anthrax in South Africa.  College of Veterinary Medicine, NCSU, Raleigh, NC. 17 
November 2001. 
 
134. McConnell, E.E. “The Value of Human Testing of Pesticides.” Pesticide Testing in Humans: Ethics and 
Public Policy. New York Academy of Medicine., NYC, NY. 27 February 2002. 
 
135. McConnell, E.E. “Human Data in Risk Assessment”, Current Topics in Pesticide Toxicology: An 
Intensive Workshop.  North Carolina State University, 9 April 2002.  
 
136. McConnell, E.E. “Science and Politics in Human Testing of Pesticides”, Pesticides in the Molecular 
Age. 11th North American ISSX Meeting, 25 October 2002. 
 
137. McConnell, E.E. “How do Animal/Experiment Data Augment our Understanding of Human Health 
Effects?”  ATSDR Expert Panel on Health Effects of Asbestos and Synthetic Fibers (SVF: The Influence of 
Fiber Length.  New York, NY. 29-30 October 2002. 
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138. McConnell, E.E. “The Value of Human Testing.” NRC/NAS Committee on the Use of Third Party 
Toxicity Research with Human Research Participants. Washington, DC. 19 March 2003 
 
139. McConnell, E.E. “Ingestion Studies of Asbestos and Non-Asbestos Particles in Experimental Animals 
to Evaluate Carcinogenic Potential.” International Symposium on the Health Hazard Evaluation of Fibrous 
Particles Associated with Taconite and the Adjacent Duluth Complex. 
 
140. McConnell, E.E. “Influence of Fiber Type, Size and Exposure in the Cancer and Non-cancer Response 
to Asbestos Fibers (Animal Studies).” Asbestos Mechanisms of Toxicity Workshop, Chicago, IL. 12-13 June 
2003. 
 
141. McConnell, E.E. “The History of the Use of the Maximum Tolerated Dose in Bioassays and, Human 
Volunteer Testing of Pesticides.”  Society of Toxicology Annual Meeting, San Diego, CA. 9 March 2006. 
 
142. McConnell, E.E. Presentation to NIOSH “Asbestos and Other Mineral Fibers: A Roadmap for Scientific 
Research.” Washington, D.C. 4 May 2007. 
 
143. McConnell, E.E. “An Evaluation of Family Health International Rat Studies.” World Health 
Organization – “The Safety of Quinacrine in humans When Administered as Intrauterine Doses for Non-
surgical Sterilization.” Geneva, Switzerland. 8 Oct 2008. 
 
144. McConnell, E.E. “Cleavage Fragments are not Asbestos – Experimental Evidence.” Defense Research 
Institute - Asbestos Medicine Seminar, Las Vegas, NV. 7 Nov 2008. 
 































RESUMÉ 


 


Errol Zeiger, Ph.D.  
 
Errol Zeiger Consulting 
800 Indian Springs Road 
Chapel Hill, NC 27514-3333 
 
 phone: 919-932-3778 
 fax:  919-942-5346 
 email:  zeiger@nc.rr.com 
 
 
Education: 
 
1960 B.S. City College of New York   (Biology; minors: Chemistry; Philosophy) 
1969 M.S. George Washington University   (Microbiology) 
1973 Ph.D. George Washington University   (Microbiology) 
1991 J.D. North Carolina Central University  (member, N.C. State Bar) 
 
 
Society/Organization memberships: 
 


Environmental Mutagen Society 
Society of Toxicology 
American College of Toxicology 
North Carolina Society of Toxicology 
Genotoxicity and Environmental Mutagen Society (Charter member) 
American Association for the Advancement of Science 
Sigma Xi 
American Bar Association  (Section of Science and Technology) 
Roundtable of Toxicology Consultants 


 
 
My specific areas of scientific expertise are: 
 


 Genetic toxicity research and testing, including the use of genetic toxicity systems in 
vitro and in vivo to study the mechanisms of carcinogenesis. 


 Studies to assess the effectiveness of different genetic toxicity, and other, test systems as 
predictors of cancer and other toxicological effects. 


 Evaluation, interpretation, and integration of toxicological test data.  
 Design, management, and evaluation of intra- and inter-laboratory validation studies to 


evaluate the reproducibility and effectiveness of toxicological tests, and to develop 
standardized test protocols. 


 Development of toxicology and structure-activity relationship (SAR) databases 
 Evaluation of laboratory capabilities and research programs. 
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Among my other accomplishments and activities are: 
 
• Authored or co-authored more than 180 scientific articles, book chapters, and published 


conference proceedings.   
• Invited lecturer at scientific conferences, universities, and industrial organizations worldwide 


in the areas of genetic toxicology; prediction of carcinogenicity; development, evaluation, 
and validation of new test methods; and ethical issues in human monitoring studies. 


• Organized, and directed validation studies of in vitro genetic toxicity and in vivo endocrine 
disruptor tests, evaluated the results, and prepared, or participated in, the publication and 
presentation of the results.  


• Recipient of performance and recognition awards from scientific societies and the U.S. 
Government. 


• Recipient of the Environmental Mutagen Society’s Recognition Award (1987), Service 
Award (1999), and the Genotoxicity and Environmental Mutagen Society’s Lifetime 
Achievement Award (2000).  


• Serve as expert consultant and/or reviewer for U.S. and international scientific and regulatory 
organizations and scientific journals.   


 
 
Some professional activities that may be of interest are: 
 
• Scientific advisor and expert witness for Worksafe Australia before an Administrative 


Appeals Tribunal, New South Wales, Australia (1994). 
• Currently providing litigation support services to two law firms. 
• Served as NIEHS representative to the EPA Toxic Substances Control Act (TSCA) 


Interagency Testing Committee; as vice-Chair in 1994, and as Chair in 1995. 
• Chairman of the (U.S. Congress) Office of Technology Assessment’s Workshop on 


Screening and Testing Chemicals in Commerce (1995). 
• Member of the federal Interagency Coordinating Committee on the Validation of Alternative 


Methods (ICCVAM) (1996-2000), and Chair of its Method Validation Workgroup. 
• Invited U.S. representative to the OECD workshop on Harmonization of Validation and 


Acceptance Criteria for Alternative Toxicological Test Methods (1996). 
• Invited contributor to the OSTP document, “Interagency Assessment of Potential Health 


Risks Associated With Oxygenated Gasoline” (published, 1996). 
• Co-Editor, with Dr. Lois Gold, of the “Handbook of Carcinogenic Potency and Genotoxicity 


Data Bases” (published, 1996). 
• Organized and chaired panel discussion on Legal and Ethical Issues in DNA Sampling and 


Testing, at the Environmental Mutagen Society Meeting (2000) 
• Consultant to the Test Guidelines program of the Organization for Economic Co-operation 


and Development (OECD), Paris, France; responsible for developing test guidelines and 
guidance documents, and for directing endocrine disruptor test validation studies (1999-2000; 
2001-2002). 


• Presented several recent talks at scientific conferences and workshops on principles of 
scientific validation of new methods, criteria for regulatory agency acceptance of new 
methods, and on the use of genetic toxicity test results to identify carcinogens.  


 
 
A detailed c.v. is available on request. 
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RELEVANT WORK EXPERIENCE 
 
January 2001 –  present 
 Errol Zeiger Consulting, Chapel Hill, NC. 
 
Offering consulting services in the areas of genetic toxicology, general toxicology, test validation, 
toxicology database development, scientific review and evaluation, and litigation support. 
 
March 2003 - present 
 Alpha-Gamma Technologies, Inc. (part-time employee), Raleigh, NC. 
 
Serve as Project Manager and Senior Scientist for the EPA contract, Literature Search, Data 
Extraction, and Evaluation for Development of Toxicological Health / Risk Assessment Documents, 
in support of the development of Integrated Risk Information System (IRIS) documents.   
 
November 2001 - July 2002 
 Consultant, Environmental Health and Safety Division, Organization for Economic 
Co-operation and Development (OECD), Paris, France. 
 
(1)  Managed OECD’s in vivo endocrine disruptor test validation program, evaluated testing 
results, and prepared summary reports from validation studies of in vivo endocrine disruption 
assays. 
 
(2)  Responsible for preparation of the summary report of the Stockholm OECD Conference on 
Validation and Regulatory Acceptance of New and Updated Methods in Hazard Assessment.   
 
January 2001 - present 
 Consultant, NTP Interagency Center for the Evaluation of Alternative Toxicological 
Methods (NICEATM), Integrated Laboratory Systems, Research Triangle Park, NC. 
 
Provide technical support for the Interagency Coordinating Committee on the Validation of 
Alternative Methods (ICCVAM).  Evaluated in vitro endocrine disruption test data and prepared 
summary background review documents; prepared expert meeting report.  Edit meeting reports 
prepared by others.   
 
July 2000 – December 2000 
 Alternative Models Group, Toxicology Operations Branch, Environmental Toxicology 
Program, National Institute of Environmental Health Sciences (NIEHS), Research Triangle 
Park, NC. 
 
(1)  Worked with the National Toxicology Program (NTP) Interagency Center for the Evaluation 
of Alternative Toxicological Methods (NICEATM).  Reviewed submissions of new tests for 
consideration by the Center, participated in the planning and organization of peer-review 
meetings for proposed methods, and of new method workshops, and assisted in the development 
of background review documents for proposed methods.  Served as expert in the design and 
interpretation of validation studies. 
 
(2)  Responsible for managing the genetic toxicity testing component of the U.S. National 
Toxicology Program. 
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April 1999 – June 2000 (one-year appointment) 
 Consultant, Environmental Health and Safety Division, Organization for Economic 
Co-operation and Development (OECD), Paris, France. 
 
On assignment from NIEHS to work with the OECD Test Guidelines program.   
 
(1)  Responsible for developing, guiding, or revising health effects Test Guidelines, including 
guidelines for in vitro and in vivo percutaneous absorption, in vitro skin corrosion, in vitro eye 
irritation, in vitro phototoxicity, acute rodent toxicity, reproductive toxicity, and developmental 
neurotoxicity. 
 
(2)  Responsible for development of Guidance Documents on the use of humane endpoints in 
animal toxicology testing, and the validation and acceptance of alternative toxicology tests. 
 
(3) Assisted in the management of the OECD’s endocrine disrupter test validation program; 
specific responsibility for the management of the validation of the “enhanced 407” guideline, 
which was designed to evaluate the use of the 28-day rodent toxicity test guideline (TG407) for 
identifying potential endocrine disrupters.  Participated in the design and management of 
validation studies for endocrine disrupting chemicals in rodents. 
 
January 1994 – December 1998 (5-year appointment) 
 Editor-in-Chief, Environmental and Molecular Mutagenesis. 
 
This is the official journal of the Environmental Mutagen Society.  Solicited commentaries and 
articles for publication, and made all decisions regarding acceptability of submitted materials.  
All scientific articles were peer-reviewed, and the rejection rate for submitted manuscripts was 
approximately 40%.  The journal was published in 8 issues (800 - 900 pages) plus one or two 
Supplements per year; paid circulation was 1,400 - 1,500.  This work was performed from a home 
office on evenings and weekends. 
 
November 1992 – July 2000 
 Laboratory of Pharmacology and Chemistry, Environmental Toxicology Program, 
NIEHS, Research Triangle Park, NC.  
 
My responsibilities were in the following general areas:   
 
(1) Nomination and selection of chemicals for testing, and identification of research issues to be 
addressed by the U.S. National Toxicology Program (NTP).  This included development and 
implementation of the processes by which chemical nominations for carcinogenicity and toxicity 
testing are sought from within Government and public organizations, and the private sector.  
Identification of scientific issues relevant to the NTP mandate to provide information to aid in the 
interpretation of chemical test data.  
 
(2)  Managed a genetic toxicity contract testing program and evaluated the results.  Responsible 
for development and direction of contracts to test chemicals for mutagenicity in bacteria and for 
chromosome damage in rodent cells in vitro and in vivo, and the review, analysis, and 
dissemination of test data.   
 
(3)  Worked with the NIEHS Interagency Committee on Coordination and Validation of 
Alternative Methods.  Served as expert in the area of test method validation, and in the design and 
interpretation of test validation studies.  Helped prepare documents; reviewed data on new test 
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methods submitted from the private sector to determine the state of test validation and data needs 
to support regulatory agency acceptance.   
 
(4) Prepared summary documents on chemical classes or scientific issues in response to requests 
from other Government organizations, public agencies, private organizations, and individuals, for 
information on chemicals tested, and on NTP studies. 
 
June 1976 - November 1992 
 Head, Mutagenesis Group, Environmental Mutagenesis and Carcinogenesis Branch, 
NIEHS, Research Triangle Park, NC.  
 
I held a number of titles during this period, and the number of people supervised varied 
considerably with changes in the organizational structure, but the job description and duties were 
relatively consistent, with primary program responsibilities in the following general areas.  
 
(1)  Directed a multi-faceted in-house laboratory research program to study the development and 
improvement of in vitro tests for identifying chemical mutagens and carcinogens, and to study the 
mechanisms of genetic activity of chemicals.   
 
(2)  Development and management of a contract program for test system development and 
validation, and for testing of chemicals for genetic toxicity in vitro and in vivo.  Initiated 
programs and designed procedures for the development of standardized test protocols, and for the 
intra- and inter- laboratory validation of test procedures and performance.   
 
(3)  Performed and directed data analysis, the use of biological and chemical data and information 
to better understand mechanisms of chemical toxicity, and the design of test programs for 
understanding the relationships between mutagenicity and carcinogenicity.  Used chemical 
structure-activity relationships to aid in the prediction of carcinogenicity and other toxic effects of 
chemicals.  
 
July 1969 - June 1976 
 Research Microbiologist, Genetic Toxicity Branch, Division of Toxicology, FDA, 
Washington, DC.  
   
Development and validation of microbial and yeast test systems for the detection of chemical 
mutagens.  Studied and compared various in vitro and in vivo mammalian activation systems for 
metabolism of mutagens and carcinogens to their active forms.  Studied utility of microbial 
systems as predictors of carcinogenicity.  Performed studies to provide baseline data for 
development of statistical models and computerized data systems for mutagenicity data.  
Developed and directed microbial testing contract programs to evaluate the mutagenic potential 
of GRAS food additives.  Acted as expert to Bureau of Foods and Bureau of Drugs for evaluation 
of submitted mutagenicity data, and in the design of mutagenicity testing protocols.   
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OTHER RELEVANT EXPERIENCE 
 
1972 - December 2000.   Project officer or co-project officer on more than 40 U.S. Government 
research and development contracts and inter-agency agreements.  Responsible for the 
development, award, management, and/or technical direction, of contracts to private laboratories, 
universities, and national laboratories.  The contracts and agreements were primarily for the 
development and validation of short-term genetic toxicity tests, for large-scale in vitro or in vivo 
routine testing of chemicals, identification and isolation of mutagens from chemical mixtures, 
support of databases, and preparation of toxicology literature searches and summaries for 
chemicals of interest.  Responsible for the development and refinement of contract Scopes of 
Work, pre-award site visits to evaluate candidate contractor capabilities, recommendations for 
award, and post-award laboratory site visits to monitor and evaluate performance, and trouble-
shoot problems. 
 
1978 - present.  Lecturer in graduate programs in the Pharmacology Department of Duke 
University and the Toxicology Program at N.C. State University on topics that include genetic 
toxicity, the uses of short-term toxicology tests in carcinogen screening; metabolism of 
carcinogens and mutagens; and scientific publication and peer review.  
 
January 2001 - present.  Consultant to organizations in the U.S., Canada, and Europe (in 
addition to those listed above).  Evaluation of data; preparation of reports; litigation support; test 
protocol design; literature searches; scientific advice regarding trends, testing and research 
programs, test guidelines, and test validation; toxicology and structure-activity database 
development; review of grant proposals.    
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