Developmental and Reproductive Toxicants Identification Committee, c/o Michelle Robinson
Office of Environmental Health Hazard Assessment
1001 I Street
Sacramento, California 95814
Submitted via email: P65Public.Comments@oehha.ca.gov
October 12, 2015
RE: Prioritization: Chemicals for Consultation by the Developmental and Reproductive Toxicants
Identification Committee
Dear Members of the Developmental and Reproductive Toxicants (DART) Identification Committee,
The following comments are submitted on behalf of the undersigned individuals and organizations, none
of whom have any financial interest in the topic of these comments. We urge the DART to recommend
that perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) be prioritized for the further
development of hazard identification materials.
Since the Office of Environmental Health Hazard (OEHHA) last reviewed PFOA and PFOS in 2007, the
scientific evidence linking these chemicals to adverse human health effects has grown substantially as
noted in OEHHA’s August 2015 report Prioritization: Chemicals Identified for Consultation with the
Developmental and Reproductive Toxicant Identification Committee. The evidence comes from
epidemiological studies, animal studies and other relevant information as outlined in OEHHA’s
document describing the process for prioritization of chemicals 1.
Among the particularly compelling studies published in the last eight years are three systematic reviews
on PFOA, from 2014, which evaluated the published scientific literature using objective and transparent
criteria (see Appendix). The authors concluded that developmental exposure to PFOA adversely affects
human health based on sufficient evidence of decreased fetal growth in both human and nonhuman
mammalian species.
A) Epidemiological data shows strong evidence associating PFOA and PFOS with adverse
reproductive and developmental outcomes
The broad literature search conducted by OEHHA yielded a significant number of high quality
epidemiological studies finding evidence of adverse health effects caused by these chemicals. 20
analytical epidemiologic studies that meet the study quality criteria were identified as reporting
association between exposure to PFOA and increased risk of adverse developmental or reproductive
health effects. Similarly, fifteen studies were identified for PFOS.
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The Johnson, et al systematic review of human epidemiological evidence concluded that there is
sufficient human evidence that developmental exposure to PFOA reduces fetal growth. 2 This
systematic review included 18 human studies, nine of which were combined through meta-analysis. The
meta-analysis was used to estimate the increase in PFOA serum concentration associated with
decreased birth weight.
But decreased birth weight is not the only adverse health impact of concern. Particularly troublesome
are the associations identified in epidemiological studies between prenatal exposures to PFOA, PFOS, or
both and devastating diseases or disorders in children. From birth defects 3 to congenital cerebral palsy, 4
altered behavior and motor development, 5 reduced immune response to vaccines 6 and overweight, 7 to
name just a few, these studies inject a sense of urgency into the DART’s consideration of these
chemicals.
Considering that these persistent, bioaccumulative perfluorinated compounds have been on the market
for decades, it is likely many of these studies show the effects on a second generation of exposed
children. Effects in adults, especially women, are also of great concern. These range from disruption of
thyroid hormones 8 and reproductive function, 9 to polycystic ovary syndrome, 10 and early menopause. 11
Without a doubt, there is very strong epidemiological data to substantiate a further hazard analysis.
B) Strong toxicological evidence that PFOA and PFOS cause developmental and reproductive toxicity
Findings from animal toxicology and mechanistic studies correlate with epidemiology study outcomes.
Studies considering motor function, 12 developmental effects, 13 immunopathologies, 14 reproductive
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dysfunction, 15 and neurobehavioral effects 16 reached conclusions consistent with the epidemiology
findings. Particularly relevant as well are multi-generation mouse studies demonstrating PFOA effects on
the development of the mammary gland. 17 Other studies find that the mammary gland is particularly
sensitive to low-level prenatal PFOA exposures, regardless of the mouse strain studied. 18
The Koustas, et al systematic review of non-human studies found that PFOA causes developmental and
reproductive toxicity in animals. 19 The authors evaluated 21 studies (15 mammalian and 6 nonmammalian) and performed a meta-analysis of 8 data sets from studies in mice, concluding that there
was sufficient evidence that fetal developmental exposure to PFOA reduces fetal growth in animals.
C) Exposure in the general population and in Californians
The epidemiological, animal and mechanistic study findings take on greater import given the widespread
exposure to these chemicals. Almost all Americans 12 years of age and older tested by the National
Health and Nutrition Evaluation Survey have PFOA and PFOS in their serum. 20 Similarly, PFOA 21 and
PFOS 22 are present in the body of 99.9% of more than 1300 Californians tested.
This widespread exposure is of high concern due to the bioaccumulation of PFOA and PFOS in the body.
Because of this chemical property and ongoing exposures, it is difficult to calculate the half-life of these
chemicals. A study of 26 retired fluorochemical production workers estimated the half-life of PFOA and
PFOS to be 3.8 years and 5.4 years, respectively. 23
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The carcinogenic, immunotoxic and mammary gland effects at low PFOA doses are particularly of
concern and point to the potential for harm at current levels of human exposure. 24, 25, 26
Conclusion
The collective evidence of the reproductive and developmental toxicity of these chemicals is powerful.
In the Lam et al systematic review integrating the evidence from 18 human studies and 21 animal
toxicology studies 27, the strength of evidence led to the conclusion that “PFOA is ‘known to be toxic’ to
human reproduction and development based on sufficient evidence of decreased fetal growth in both
human and nonhuman mammalian species.”
In summary, the evidence from epidemiology, animal studies and exposure studies all support the
prioritization of PFOA and PFOS for the further development of hazard identification materials, and we
encourage the DART to prioritize these chemicals.
Thank you for the opportunity to comment on the list of priority chemicals.
Respectfully submitted,

Veena Singla, PhD
Staff Scientist
Natural Resources Defense Council

Avinash Kar
Senior Attorney
Natural Resources Defense Council

Signing for:
Caroline Cox
Research Director
Center for Environmental Health
Bill Allayaud
California Director of Government Affairs
Environmental Working Group
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Appendix
Abstracts from PFOA Systematic Review Studies
1. The Navigation Guide—Evidence-Based Medicine Meets Environmental Health:
Systematic Review of Human Evidence for PFOA Effects on Fetal Growth Paula I. Johnson, Patrice
Sutton, Dylan S. Atchley, Erica Koustas, Juleen Lam, Saunak Sen, Karen A. Robinson, Daniel A.
Axelrad, and Tracey J. Woodruff. 2014. Environ Health Perspect 122:1028–1039;
http://dx.doi.org/10.1289/ehp.1307893
Background: The Navigation Guide methodology was developed to meet the need for a robust
method of systematic and transparent research synthesis in environmental health science. We
conducted a case study systematic review to support proof of concept of the method.
Objective: We applied the Navigation Guide systematic review methodology to determine whether
developmental exposure to perfluorooctanoic acid (PFOA) affects fetal growth in humans.
Methods: We applied the first 3 steps of the Navigation Guide methodology to human
epidemiological data: 1) specify the study question, 2) select the evidence, and 3) rate the quality
and strength of the evidence. We developed a protocol, conducted a comprehensive search of the
literature, and identified relevant studies using prespecified criteria. We evaluated each study for
risk of bias and conducted meta-analyses on a subset of studies. We rated quality and strength of
the entire body of human evidence.
Results: We identified 18 human studies that met our inclusion criteria, and 9 of these were
combined through meta-analysis. Through meta-analysis, we estimated that a 1-ng/mL increase in
serum or plasma PFOA was associated with a –18.9 g (95% CI: –29.8, –7.9) difference in birth weight.
We concluded that the risk of bias across studies was low, and we assigned a “moderate” quality
rating to the overall body of human evidence.
Conclusion: On the basis of this first application of the Navigation Guide systematic review
methodology, we concluded that there is “sufficient” human evidence that developmental exposure
to PFOA reduces fetal growth.
2. The Navigation Guide—Evidence-Based Medicine Meets Environmental Health:
Systematic Review of Nonhuman Evidence for PFOA Effects on Fetal Growth. Erica Koustas, Juleen
Lam, Patrice Sutton, Paula I. Johnson, Dylan S. Atchley, Saunak Sen, Karen A. Robinson, Daniel A.
Axelrad, and Tracey J. Woodruff. 2014 Environ Health Perspect 122:1015–1027;
http://dx.doi.org/10.1289/ehp.1307177
Background: In contrast to current methods of expert-based narrative review, the Navigation Guide
is a systematic and transparent method for synthesizing environmental health research from
multiple evidence streams. The Navigation Guide was developed to effectively and efficiently
translate the available scientific evidence into timely prevention-oriented action.
Objectives: We applied the Navigation Guide systematic review method to answer the question
“Does fetal developmental exposure to perfluorooctanoic acid (PFOA) or its salts affect fetal growth
in animals?” and to rate the strength of the experimental animal evidence.
Methods: We conducted a comprehensive search of the literature, applied prespecified criteria to
the search results to identify relevant studies, extracted data from studies, obtained additional
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information from study authors, conducted meta-analyses, and rated the overall quality and
strength of the evidence.
Results: Twenty-one studies met the inclusion criteria. From the meta-analysis of eight mouse
gavage data sets, we estimated that exposure of pregnant mice to increasing concentrations of
PFOA was associated with a change in mean pup birth weight of –0.023 g (95% CI: –0.029, –0.016)
per 1-unit increase in dose (milligrams per kilogram body weight per day). The evidence, consisting
of 15 mammalian and 6 nonmammalian studies, was rated as “moderate” and “low” quality,
respectively.
Conclusion: Based on this first application of the Navigation Guide methodology, we found sufficient
evidence that fetal developmental exposure to PFOA reduces fetal growth in animals.
3. The Navigation Guide—Evidence-Based Medicine Meets Environmental Health:
Integration of Animal and Human Evidence for PFOA Effects on Fetal Growth Juleen Lam, Erica
Koustas, Patrice Sutton, Paula I. Johnson, Dylan S. Atchley, Saunak Sen, Karen A. Robinson, Daniel A.
Axelrad, and Tracey J. Woodruff. 2014. Environ Health Perspect 122:1040–1051;
http://dx.doi.org/10.1289/ehp.1307923
Background: The Navigation Guide is a novel systematic review method to synthesize scientific
evidence and reach strength of evidence conclusions for environmental health decision making.
Objective: Our aim was to integrate scientific findings from human and nonhuman studies to
determine the overall strength of evidence for the question “Does developmental exposure to
perfluorooctanoic acid (PFOA) affect fetal growth in humans?”
Methods: We developed and applied prespecified criteria to systematically and transparently a) rate
the quality of the scientific evidence as “high,” “moderate,” or “low”; b) rate the strength of the
human and nonhuman evidence separately as “sufficient,” “limited,” “moderate,” or evidence of
lack of toxicity”; and c) integrate the strength of the human and nonhuman evidence ratings into a
strength of the evidence conclusion.
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Results: We identified 18 epidemiology studies and 21 animal toxicology studies relevant to our
study question. We rated both the human and nonhuman mammalian evidence as “moderate”
quality and “sufficient” strength. Integration of these evidence ratings produced a final strength of
evidence rating in which review authors concluded that PFOA is “known to be toxic” to human
reproduction and development based on sufficient evidence of decreased fetal growth in both
human and nonhuman mammalian species.
Conclusion: We concluded that developmental exposure to PFOA adversely affects human health
based on sufficient evidence of decreased fetal growth in both human and nonhuman mammalian
species. The results of this case study demonstrate the application of a systematic and transparent
methodology, via the Navigation Guide, for reaching strength of evidence conclusions in
environmental health.
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