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Delivered by email
Dear Ministers Ujjal Dosanjh and Stéphane Dion:

Subject: Comments on the Draft Screening Level Risk Assessment Report for
Perfluorooctane sulfonate (PFOS)

The signatories to this letter are submitting the following comments to respond to the findings
outlined in the Draft Screening Level Risk Assessment Report for Perfluorooctane sulfonate
(PFOS), announced in the Canada Gazette Notice, Part | (Vol. 138, No. 40 — October 2, 2004)
by Health Canada and Environment Canada.

This letter is intended to support and expand on several specific comments submitted by a
number of not for profit environmental organizations on these draft assessment reports dated
December 22, 2004.

The main thrust of this submission is to present evidence and rationale to Health Canada and
Environment Canada that would support a conclusion for PFOS to be CEPA toxic under Section
64(c). Three gaps and deficiencies have been identified in the draft assessment report
prepared by Health Canada.

A. Uncertainties about the screening level risk assessment scope and timeframe

B. The absence of consideration of other members of perfluorinated chemicals.

C. The available data supports a designation of “toxic” even if you consider PFOS by itself.
D. Consideration of carcinogenicity data is absent from the assessment report.

Based on the rationale presented below, the signatories firmly recommend that Environment
Canada and Health Canada make the conclusion that PFOS is “toxic” under CEPA Section
64(c). The final report should include the approach and information provided below.

A. Uncertainties about the screening level risk assessment scope and timeframe

The general goal of screening level risk assessments (SLRA) was to shorten the timeframe
required by Health Canada and Environment Canada to identify substances of concern and
those that required a full risk assessment. The length of time needed to complete and release
the findings from the assessment on PFOS and previously on the seven polybrominated
diphenyl ethers are being is worrisome. We are concerned that similar time delays will occur on
current and future SLRAs if a transparency and accountability to the public are not applied to
these processes. To address these current gaps in the approach, Environment Canada and
Health Canada should develop a list of criteria that will outline the timeframe required to
complete SLRAs and the conditions that will trigger a full risk assessment of a substance.



Recommendation: We strongly recommend that Environment Canada and Health
Canada jointly design guidelines, timetable, and set of criteria which will outline the
length of time required for a SLRA and clearly define the conditions that will trigger a full
risk assessment for substances.

B. Cumulative risk assessment of PFOS and other perfluorinated acids (PFAS)

PFOS is a member of a family of chemicals that should be considered in this assessment. Past
assessments, including the risk assessment conducted on chlorinated dioxins and furans
considered the family.

1. Background for cumulative risk assessments:

The toxicity of chemicals acting through a common mechanism of toxicity is usually additive
(Broderius 1992; Broderius et. al. 1995; De Wolf et. al. 1988; Mileson et. al. 1998; McCarty and
Mackay 1993; Deneer et. al. 1988; Hermens et. al. 1985). The US EPA recognizes this and
the fact that having safety limits for each chemical in a cumulative class may not be protective
when a subject is exposed to several of the chemicals, promulgated guidelines for cumulative
risk assessment (US EPA 1999; US EPA 2002a; Mileson et. al. 1998). Health Canada has
implicitly recognized the need for performing cumulative risk assessments when they assessed
chlorinated dioxins and furans as a cumulative class. The following is a rationale for applying a
cumulative risk assessment for PFOS as part of the PFA class:

a) Structurally similarity of PFOS and other PFAs

On a molecular scale PFAs are almost identical. They are essentially rigid electronegative rods
with a negatively charged end. The electropositive carbons are completely shielded from
interacting with other molecules by the electronegative fluorines. The similarities can be seen
whether we look at space filled, electronic or atom connection depictions of the structures. For
instance PFOS and PFOA:

FCF,CF,CF,CF,CF,CF,CF,CF,SO3
FCF,CF,CF,CF,CF,CF,CF,CO,

Their homologs appear the same. The only difference is that the length varies.
Many properties of PFOS and PFOA and the homologs that have been tested and are found to
be similar, including:
» surfactants at less than a monolayer concentration,
» resistant to thermal degradation,
» resistant to chemical degradation,
+ extremely low pKa, and
» oleophobic (Personal communications with 3M scientists,
www.daikin.co.jp/chm/en/index.html, www.dupont.com/zonyl/pdf/genbrochure.pdf,
www.dupont.com/zonyl/flash.htm.)

b) Occurrence of PFAs in products

Most all PFA precursors have similar uses and are found in similar products. Substances that
break down to homologs of PFOS such as PFHS and PFBS are used in products. All these
substances are not pure and contain other perfluorinated sulfonate homologs with chain lengths


http://www.epa.gov/pesticides/trac/science/cumulative_guidance.pdf

C3-C10. Substances that break down to PFOA also break down to other perfluorinated
carboxylates with chain lengths from C4 to C20. Precursors to PFOS, other perfluorinated
sulfonates, PFOA and other perfluorinated carboxylates are used in the same type of products:
fabric/upholstery protector, carpet protector, leather protector, paper protector, food packaging,
specialty surfactants, cleaning applications, electroplating baths, insecticides, paints, inks,
photographic solutions, floor polishes, and fire extinguishing foam concentrates.

¢) PFAs and precursors listed on the DSL

There are more than 100 substances on the DSL than can break down into perfluoro sulfonates
and more than 60 that can degrade to perfluoro carboxylates (Dimitrov et. al. 2004). These
numbers indicate many exposures to precursors of PFOS and other PFAs.

d) Occurrence of PFAs in humans and the environment

PFAs can be detected in all media. PFAs have been found in surface water (Berger et. al.
2004;Boulanger et. al. 2004; Muir et. al. 2002; Hansen et. al. 2002; Battelle 2001; Giesy and
Newsted 2001), drinking water (Battelle 2001), sediment (Battelle 2001; Giesy and Newsted
2001), food (Battelle 2001), and in wildlife tissues (Berger et. al. 2004; Kannan et. al. 2001a,
Kannan et. al. 2001b, Kannan et. al. 2001c, Giesy and Kannan 2001a; Hansen 1999a; Hansen
1999b; Giesy and Kannan 2001b; Giesy and Kannan 2001c; Giesy and Kannan 2001d; Giesy
and Kannan 2001e; Giesy and Kannan 2001f; Smithwick et al. 2004). The blood of every
human tested for PFAs after 1980 contain PFAs and a wide range of PFAs have been found
including PFOS, PFDS, PFHS, PFOA, PFHA, PFNA, PFDA, PFUA, PFDoA and PFTA (3M
2000; Mandel and Burris 1995; Hansen 2000; 3M 1999a; Mandel 2000; Guruge et. al. 2004;
Hansen 1999c; Hansen et. al. 2000; Karrman et. al. 2004; Kubwabo et. al. 2004; Olsen et. al.
2002a; Olsen et. al. 2002b; Olsen et. al. 2002c). Precursors to many PFAs have been found in
air (Martin 2002; Stock et. al. 2004). The levels of PFAs appear to have been increasing in sera
of North Americans and Europeans since products containing these compounds or their
precursors have been manufactured and marketed. No PFAs were found in sera samples from
around 1950. Some samples from 1958 through 1971 showed relative low levels of PFAs and
the rest had less than the detection limit (3M 1999a). Since 1976 all North American and
European human sera samples have been found to contain PFAs (3M 1999a; Olsen et. al.
2002a; Olsen et. al. 2002b; Olsen et. al. 2002c, Mandel 2000).

The studies demonstrating the extent of exposure provide evidence that a more serious look at
effects is necessary in the context of this assessment.

e) PFAs have similar unigue mechanism of bioaccumulation

Few studies have been done on the bioaccumulation mechanism of PFAs, but they have been
done for two substances in the class. Because of structural similarities it is expected that the
other PFAs accumulate by the same relatively rare mechanism. PFOS and PFOA are
concentrated in the bile and recycled by the enterohepatic recirculation system (Johnson et. al.
1984; US EPA OPPT AR226-0548).

f) PFAs demonstrates common mechanism of action

Uncoupling of oxidative phosphorylation is apparently the primary molecular mechanism of
toxicity (Langley 1985; Schnellmann 1990; Wallace and Starkov 1998; Starkov and Wallace
2002; Thomford 1998). Poor food conversions to energy and body mass gain are frequently
symptoms of the uncoupling of oxidative phosphorylation. In most all toxicity studies of PFAs on



a variety of species, loss of weight, poor growth, or poor food conversion efficiency to body
mass is reported (Haughom et. al. 1992; Goldenthal et. al. 978a; Goldenthal et. al. 1978b;
Langley and Pilcher 1990; Thomford 1998; Covance 2000; Case 1999a; York et. al. 1999; 3M
1987; Campbell et. al. 1993a; Campbell et. al. 1993b; Cook et. al. 1992; Borges 1992; George
et. al. 1986).

g) PFAs may exhibit similar toxic effects

Similar effects on tissues are observed across this class of chemicals. Thymus atrophy, thyroid
hormone or mass changes are seen when looked for, and liver enlargement is usually seen
(Goldenthal et. al. 1978a; Goldenthal et. al. 1978b; Seacat and Hansen 2001; Covance 2000;
Van Rafelghem et al.1987a; Van Rafelghem et al.1987b; Van Rafelghem et al.1987c; Langley
et. al. 1985; Belisle 1978; Metrick and Marias 1977; Case 1999b; Hansen 1999c). Chemicals
acting by the same mechanism of toxicity usually damage the same tissues in similar ways.
Thus the tissue effects seen for the PFAs studied are consistent with the same mechanism of
toxicity which is required for doing a cumulative risk assessment.

h) Cumulative toxicity conclusions

The evidence support that PFOS is a cumulative toxin with other PFAs. Given the nature of its
use and presence of other perfluorinated acids, the risk assessment of PFOS should be
conducted as a cumulative risk assessment. At a minimum, PFAs should be assessed by
Health Canada and Environment Canada with specific focus on the cumulative effects of PFOS.

Recommendation: Perfluorinated acids should be included in the assessment of PFOS
to address the cumulative effects of chemicals.

C. Deficiencies in the risk assessment of addressing PFOS alone
1. No Observable Effects Level (NOEL) versus Lowest Observable Effects Level (LOEL)

In Health Canada’s draft SRLA the LOEL was presented. Usually a risk assessment is done on
the NOEL because there can be effects at concentrations lower than the LOEL. Health
Canada’s guidance document, Human Health Risk Assessment for Priority Substances, says it
is preferable to use the NOEL. In Health Canada’s Assessment of diisononyl phthalate in vinyl
children's product, the NOAEL (no observed adverse effects level) was used (Health Canada
1998). In this assessment report, Health Canada does not provide sufficient rationale for
deviating from this approach. The use of the NOEL by Health Canada is necessary to fully
protect the public. The use of the NOEL should be reflected in the final assessment for PFOS.
2. The Monkey Study did not apply a NOEL

Similar to the point presented in #1, no NOEL was found in the monkey study Health Canada
presented in the draft assessment. The level at which PFOS causes effects could be many
times lower than the LOEL presented.

3. Sex differences in observable effects

In the assessment Health Canada presented the average LOEL for both sexes in the rat study.
Male rats were affected at lower sera levels than the females, However, the level considered
does not consider the effect observed in the more susceptible subpopulation, in this case the
male rats. The NOEL for male rats should be presented and used in the assessment. The



same sex difference could be fact in humans. Any assessment should consider the most
susceptible subpopulation.

4. Infants and toddlers

Uncertainty about infants and toddlers being the most sensitive age group was not addressed.
It has been shown that PFAs pass from mother to child in the womb and through mothers milk
(Mylchreest 2003).

Infants and toddlers are more highly exposed because they do a lot of touching and licking of
hands. PFAs are put on surfaces children contact most: floors and walls (3M 1999b; 3M 2000).
PFAs are used to treat carpets and they are used in paints and floor waxes. In addition children
suck on their clothes. PFAs are used to treat clothes. Thus infants and toddlers are probably
the most highly exposed age group in the population.

Infants are also likely to be the most sensitive age group to the toxic effects of PFOS and other
PFAS. In the first year many immunological characteristics of an individual are established.
PFAs suppress the immune response (Yang et. al. 2002; Nelson 1992).

The thymus is important in the first year of life for producing immunological cells and setting the
long term path of various immunological functions in the body. One of the outstanding effects
observed for PFAs is thymus atrophy or involution (Yang et. al. 2000; Yang et. al. 2001,
Goldenthal et. al. 1978a; Thomford 2001a; Thomford 2000; Goldenthal et. al. 1978b). In a 26-
week study of Cynomolgus monkeys, 11 of the 12 dosed female monkeys given the PFA,
PFOS, had atrophied thymi. This effect was not seen in the controls. The range of PFOS levels
in the sera of the low dose monkeys were 11.4 to 14.8 mg/l (Thomford 2000; Seacat and
Hansen 2001). No study in experimental animals to date has allowed the determination of a no-
observable-effect-level (NOEL) for thymus atrophy associated with exposure to any PFAs.
Damage of the thymus has been associated with immune base diseases. For instance, the
health of the thymus is central in the aetiology of IDDM (insulin-dependent diabetes mellitus)
also known as early onset diabetes. The size or the mass of thymic epithelium is reduced in
animal models of IDDM: nonobese diabetic (NOD) mice (Savino et. al. 1991), athymic nude
Balb/c mice (Zeidler et. al. 1982), and diabetes prone BB rats (Doukas et. al. 1994). A relatively
slow rate of thymocytes proliferation in NOD mice as compared to non-autoimmune mice has
been reported and has been suggested as a mechanism through which genetic propensity to
diabetes can be expressed (Bergman et. al. 2001). The reduced mass of thymic epithelium in
these animal models of IDDM can be postulated to cause the slow development of immature
lymphocytes in these animal models. Thymectomy of NOD mice (Dardenne et. al.), and the
PVG>RT1 strain of rats (Saoudi et. al. 1996) at a critical stage of development gives rise to
IDDM earlier than normal for these strains demonstrating the effect of a loss of regulatory T
lymphocytes. The deficiency of critical thymus tissue in the diabetes prone BB rat was
demonstrated by the observation that diabetes is prevented by intrathymic islet transplantation
at birth (Posselt et. al. 1992). Removing the thymus just after birth takes away the T
lymphocytes that give rise to the autoimmune response and removing it later impairs the
regulation of autoimmune cells.

IDDM can be caused by chemicals that affect thymus tissue. PFAs suppress the immune
response (Yang et. al. 2002; Nelson 1992) just like the IDDM inducing chemical,
cyclophosphamide (Ahmed et. al. 1984; ten Berge et. al. 1994).

Cyclophosphamide causes earlier onset of IDDM in NOD mice (Harada et. al. 1984; Yasunami
et. al. 1988). It also causes decreased thymus mass in Sprague-Dawley rats (Tanaka et. al.



1992). The decreased thymus mass is similar to that observed in a strain of rat prone to IDDM.
The diabetes prone BB rat has regions of the thymic cortex and medulla devoid of thymic
epithelium (Doukas et. al. 1994; Rozing et. al. 1989). NOD mice have the same defect (Savino
et. al., 1991). Streptozotocin is another chemical that causes IDDM and concurrent thymus
atrophy in rats (Chatamra et. al. 1985; Warley et. al. 1988). Streptozotocin also causes
autoimmune diabetes in several strains of mice (Kiesel et. al. 1983; Herold et. al. 1997; Li et. al.
2001).

Another immunological disease of children that is tied to the thymus is asthma. Asthma usually
develops in infancy. Asthmatics’ ratio of t-helper cells, T1 and T2, is skewed toward Th2
(Robinson et. al. 1992), while non-asthmatic children and adults are have a ratio skewed toward
Thl (Adkins et. al. 2001). Damage to the thymus results in T-helper cell populations ratios
skewed toward Th2 like asthmatics.

5. Sex differences in sera levels

In considering the level of PFOS in children, the assessment considered the 95" percentile of all
children. But boys have higher levels than girls. Males also appear to be more vulnerable in rat
studies. Therefore the assessment should consider the levels in male sera.

6. Using the 95" percentile is not protective enough

The assessment considered the 95" percentile of sera levels. That leaves 5 out of 100 children
not considered. The assessment should use the highest level found in sera. All children should
be safe from chemical toxicity. We realize that may not be possible when one considers
millions of people, but in this case there were only about 600 child sera samples evaluated. The
highest level found is probably not the highest level found in the total population. This is a
screening level assessment and should therefore error on the side of safety. A more refined
risk can be considered in the next level assessment. We strongly encourage Health Canada to
use the highest level found in children’s sera for their risk assessment.

7. Consumers of wildlife and fish

The assessment did not consider the subpopulation who consume lots of wildlife and fish
(including First Nations communities and children). These vulnerable communities are likely to
contain much higher levels of PFOS and other PFAs in there bodies. Wildlife and fish have
much higher levels of PFAs (Berger et. al. 2004; Martin et. al. 2004) than food purchased at a
urban grocery (Centre Analytical 2001). A method for estimating the level in this subpopulation
of Canada should be incorporated into the assessment.

8. More care required when making species-species extrapolation for assessing effects on
human population

There was no mention of uncertainty level from extrapolating toxicity responses verse sera
levels from rats or monkeys to humans. The appropriate factor for the assessment was not
enumerated. Thus inhibiting the transparency of the assessment. An uncertainty factor for
extrapolating from rats to humans should be specified and supported.

9. Lack of margin of exposure/safety

The assessment fails to provide a rationale for the margin of safety used to establish effects on
human health. It is critical to have a margin of safety that can be applied in these situations.



Based on the table presented on page 7 of the report, it is not transparent that the margin of
exposure is set at the most protective level for human health.

10. Apparently much more risk than assessment reports

If the above changes are made, the margin of exposure decreases dramatically. If we start with
the margin of exposure as presented in the draft of 143 for the effect of microscopic changes in
liver of rats and the 95the percentile of serum PFOS level in United States children, and apply
some of the above suggestions the margin of safety decreases dramatically. The margin drops
to 13.5 if we consider the NOEL instead of the LOEL for male rats for the same effect (143 *
1.31ug/mi/13.9ug/ml) If we use the highest level of PFOS found in male children of the U. S. A.
to represent the 99.9 percentile the margin of exposure drops to 2.6 (13.5 *0.097ug/ml / 0.515
ug/ml). This value of 2.6 was derived without a margin of safety, an uncertainty factor for
children being more sensitive, an uncertainty factor for extrapolating from rats to humans, an
uncertainty factor for the fact that thymus effects are seen at concentration below which are
seen for effects in livers of monkeys, and an factor for subpopulation that consume large
amounts of wildlife and fish. If these factors were included the margin of exposure would be
much less than one and indicate a significant risk of harm to children and populations
consuming wild game and fish.

If the uncertainty factor of 100 is applied as it is in Health Canada’s assessment of
polychlorinated dioxins and polychlorinated dibenzofurans, a margin of exposure of 0.026 is
obtained. That indicates children are exposed to 40 times more PFOS than would cause no
effect. We do not believe that is acceptable

It appears this chemical and others in its family pose a significant risk to Canadians and others
in the world.

The gaps identified above provide support that PFOS should be considered toxic under CEPA
section 64 (c).

D. Cancer

The assessment failed to take into account a recent report on finding higher than normal cancer
rates among people living in proximity of a manufacturing facility that makes and uses PFAs
(EPA AR226-1771). The findings of the report include the following:

» thyroid cancer was found to be 3.3 times higher in the residence of those living close to
manufacturing facility than the general population. Thyroid cancer is seen in studies of
PFAs.

» liver cancer was also seen in studies and it is found in the residence at levels greater than
30 times the general population.

» bladder cancer was found to be 7.6 times higher in the residence than the general
population. Bladder cancer was noted in Health Canada’s assessment as being higher in
workers exposed to PFOS.

» cervical cancer was found to be 77 times higher in the residence than the general
population.

* myeloma was 33 times higher.

This information is relevant and should have a significant impact on the findings by Health
Canada.



In light of these uncertainties, we submit that sufficient evidence is available for Health Canada
and Environment Canada to consider PFOS to be toxic under CEPA according to section 64(c).
However, we support that PFOS as well as other members of the same chemical family should
be virtually eliminated as currently proposed by Environment Canada. A determination of
CEPA toxic under section 64(c) may have a significant impact on the type of tools to be
discussed in the risk management process to address these substances.

Thank you for consideration of this submission. We look forward to your response.

Yours truly,

Rich Purdy

Independent Toxicologist

N7659 950" Street

River Falls, WI

Tel: (715)425-0040; Email: rpurdy@pressenter.com

B R

Fe de Leon, Researcher

Canadian Environmental Law Association

130 Spadina Ave., Ste. 301

Toronto, ON M5V 2L4

Tel: 416-960-2284 ext. 223; Email: deleonf@lao.on.ca

c.C. Janet Beauvais, Environment Canada
Bette Meek, Health Canada


mailto:rpurdy@pressenter.com
mailto:deleonf@lao.on.ca

References:

3M 1987. Two year ora (diet) toxicity / carcinogenicity study of fluorochemical FC-143 in rats. US EPA OPPT
AR225-0437".

3M 1999a. Perfluorooctane sulfonate: current summary of human sera, health and toxicology data. US EPA OPPT
AR226-0548'.

---. 2000. Sulfonated perfluorochemicalsin the environment: sources, dispersion, fate and effects. US EPA OPPT
AR226-0620'.

Adkins, B., By, Y. & Guevara, P. The Generation of Th Memory in neonates versus adults: prolonged primary th2
effector functions and impaired development of thl memory effector function in murine neonates. J. Immunology
166, 918-925 (2001).

Battelle. 2001. Environmental monitoring — Multi-city study water, sludge, sediment, POTW effluent and landfill
leachate samples. US EPA OPPT AR226-1030a111.

Berger U, Jamberg U, Kallernborn R. 2004. Perfluorinated alkylated substances PFAS in the European Nordic
environment. Organohal ogen Compounds 66, 4046-4042.

Bergman M-L, Penha-Goncalves C, Lejon K, Holmberg D. 2001. Low rate of proliferation in immature thymocytes
of the non-obese diabetic mouse maps to the 1dd6 diabetes susceptibility region.. Diabetologia 44:1054-1061.

Borges T, Robertson LW, Peterson RE, Glauert H P. 1992. Dose-related effects of perfluorodecanoic acid on
growth, feed intake and hepatic peroxisomal beta-oxidation. Archives of Toxicology 66:18-22.

Broderius, S. J. 1992. Modeling the joint toxicity of xenobiotics to aquatic organism: Basic concepts and
approaches. In: Aquatic toxicology and risk assessment 14" vol. M.A. Mayes and M.G. Barron, eds. Pp. 107-127.
ASTM STP 1124. American Society for Testing and Materials, Philadelphia, PA.

Broderius, J.J., Kahl, M.D. and Hoglund, M.D. 1995. Use of joint toxic response to define the primary mode of
toxic action for diverse industrial organic chemicals. Environmental toxicology and Chemistry 14(9) 1591-1605.

Boulanger B, Vargo J, Schnoor JL, Hornbuckle KC. 2004. Detection of perfluorooctane surfactantsin great lakes
water. Environ Sci Technol. 38(15):4064-70

Burris M, Lundberg JK, Olsen G, Simpson C, Mandel J. 2002. Determination of serum half-lives of several
fluorochemicals. US EPA OPPT AR226-1086 .

Campbell SM, Lynn SP, Beavers JB.1993a. Lithium Perfluorooctane Sulfonate [6861D11] A dietary LC50 study
with the Northern Bobwhite, Wildlife International Ltd. Project No.: 319-101. Sponsor: SC. Johnson & Son, Inc.

---. 1993b. Lithium Perfluorooctane Sulfonate [6861D11] A dietary L C50 study with the Mallard, Wildlife
International Ltd. Project No.: 319-102. Sponsor: SC. Johnson & Son, Inc.

Case MT. 1999a. Oral (stomach tube) Developmental toxicity of PFOS in rabbits. US EPA OPPT AR226-0949".
---.1999b. Summary PFOS rat two-generation reproduction study. US EPA OPPT AR226-0569 .

Centre Analytical Laboratoriesinc. 2001Analysis of PFOS, FOSA and PFOA From Various Food Matrices Using
HPLC Electrospray Mass Spectrometry. US EPA OPPT AR226-1030a155 .

Chatamra K, Daniel PM, Kendall MD, Lam DK C. 1985. Atrophy of the thymus in rats rendered diabetic by
streptozotocin. Horm. Metabol. Res 17:630-632.



Cook JC, Murray SM, Frame SR, Hurtt ME. 1992. Induction of Leydig Cell Adenomas by Ammonium
Perfluorooctanoate: A Possible Endocrine-Related Mechanism. Toxicology and Applied Pharm 113:209-317.

Covance. 2000.104-week dietary chronic study and carcinogenicity study with perfluorooctane sulfonic acid
potassium salt (PFOS: T-6295) in rats. US EPA OPPT AR226-0956 .

Dahlquist GG, Kéllen BA. 1996. Time-space clustering of date at birth in childhood-onset diabetes. Diabetes Care
19:328-332.

Dahlquist G. 1995. Environmental risk factorsin human type | diabetes— an epidemiological perspective. Diabetes
Metabolism Reviews 11:37-46.

Dardenne M, Lepault F, Bendelac A, Bach J. 1989. Acceleration of the onset of diabetesin NOD mice by
Thymectomy at weaning. Eur. J. Immunol 19:889-895.

Deneer, JW., Sinnige, T.L., Seinen, W. Hermens, J.L.M. 1988. The joint acute toxicity to Daphnia magna of
industrial organic chemicals at low concentrations. Aquatic Toxicology 12:33-38.

De Wolf, W., Canton, J.H., Deneer, JW., Wegman, R. C.C. and Hermens, J.L.M. 1988. Quantitative structure-
activity relationships and mixture-toxicity studies of alcohols and chlorohydrocarbons: reproducibility of effects on
growth and reproduction of Daphnia magna. Aquatic Toxicology 12:39-49.

Dimitrov S., Kamenska V., Walker J.D., Windle W., Purdy R., Lewis M., Mekenyan O. 2004. Predicting the
biodegradation products of perfluorinated chemicals using CATABOL, SAR and QSAR in Environmental Research,
15, No. 1, 69-82.

Doukas J, Mordes JP, Swymer C, Niedzwiecki D, Mason R, Rozing Jet a. 1994. Thymic epithelial defects and
predisposition to autoimmune disease in BB rats. Am. J. of Path. 145:1517-1525.

Garaci et al. Decreased serum thymic factor activity in asthmatic children. J. Allergy Clin. Immunol. 62, 357-362
(1978).

George ME, Andersen ME. 1986. Toxic Effects of nonadecafluoro-n-decanoic acid in rats. Toxicology and
Applied Pharmacology 85:169-180.

Giesy JP, Kannan K. 2001a. Accumulation of perfluorooctane sulfonate and related fluorochemicals in fish tissues.
US EPA OPPT AR226-1030al156 .

---. 2001b. Global distribution of perfluorooctane sulfonate in wildlife. Environ Sci Technol 35:1339-1342.

---. 2001c. Accumulation of perfluorooctane sulfonate and related fluorochemicalsin mink and river otters. US
EPA OPPT AR226-1030a157 .

---. 2001d. Perfluorooctane sulfonate and related fluorochemicalsin oyster, Crassostrea viginica, from the Gulf of
Mexico and Chesapeake Bay. US EPA OPPT AR226-1030a158".

---. 2001e. Perfluorooctane sulfonate and related fluorochemicalsin fish-eating water birds. US EPA OPPT AR226-
1030a159 .

---. 2001f. Accumulation of perfluorooctane sulfonate in marine mammals. US EPA OPPT AR226-1030a160".

Giesy JP, Newsted JL. 2001. Selected fluorochemicalsin the Decatur, Alabama Area. US EPA OPPT AR226-
1030a161"

Goldenthal El, Jessup DC, Geil RG, Mehring JS. 1978a. Ninety-day subacute Rhesus monkey toxicity study, with
Fluorad fluorochemical surfactant FC95. US EPA OPPT AR226-0137".

10



Goldenthal El, Jessup DC, Geil RG, Jefferson ND, Arceo RJ. 1978b. Ninety-day subacute rat toxicity study, with
Fluorad fluorochemical surfactant FC-95. US EPA OPPT AR226-0141"

Guruge K, Taniyasu S, Yamashita N, Miyazaki S, Yamanaka N, Wijeratna S, Seneviratne H. 2004. Perfluorinated
compounds in human serum and seminal plasma from an urban and rural population in Sri Lanka. Organohalogen
Compounds 66: 4004-4008.

Hansen K. 1999a. Laboratory report: analysis of fluorochemicalsin wild bird livers. US EPA OPPT AR226-0079".
---.1999b. Analysis of FCsin samples of children’s sera. US EPA OPPT AR226-0961".

---. 2000. Analytical reports of data for fluorochemical analysisin human sera. US EPA OPPT AR226-0178

Hansen K, Johnson H, Clemen LA, Ellefson M. 2000. Composite analytical |aboratory report on the quantitative
analysis of fluorochemicals in environmental samples. US EPA OPPT AR226-0962".

Hansen KJ, Johnson HO, Eldridge JS, Butenhoff JL, Dick LA. 2002. Quantitative characterization of trace levels of
PFOS and PFOA in the Tennessee River. Environ Sci Technol 36:1681-1685.

Harada M, Makino S. 1984. Promotion of spontaneous diabetes in non-obese diabetes-prone mice by
cyclophosphamide. Diabetologia 27:604-606.

Haughom B, Spydevold @. 1992. The Mechanism Underlying the Hypolipemic Effect of Perfluorooctanoic acid
(PFOA), Perfluorooctane sulphonic acid (PFOSA) and Clofibric Acid. Biochemica et Biophysica Acta 112:65-72.

Health Canada. 1998. Risk assessment on diisononyl phthalate in vinyl children's products. http://www.hc-
sc.gc.calenglish/protection/warnings/1998/risk.html#2.3.

Hermens, J., Kénemann, H., Leeuwangh, P. and Aalt, M. 1985. Quantitative structure-activity relationshipsin
aquatic toxicity studies of chemicals and complex mixtures of chemicals. Environmental Toxicology and Chemistry
4:273-279.

Herold KC, VezysV, Koons A, Lenschow D, Thompson C, Bluestone JA. 1997. CD28/B7 costimulation regul ates
autoimmune diabetes induced with multiple low loses of streptozotocin. J Immunol 158:984-991.

Johnson, D.J., Gibson, S.J. and Ober, R.C. 1984. Cholestyramine enhanced fecal elimination of Carbon-14 in rats
after administration of ammonium [**C] perfluorooctanoate or potassium [**C] perfluorooctanesul fonate.
Fundamental and Applied Toxicology 4:972-976.

Karrman A, van Bavel B, Jamberg U, Hardel L, Lindstrom. 2004 Levels of perfluoroakylated compounds in whole
blood from Sweden. Organohalogen Compounds 66, 4058-4062.

Kemeny, D. M., Nobel, A., Holmes, B. J. & Diaz-Sanchez, D. Immune regulation: a new role for the CD8" T cell.
Immunol. Today 15:107-110 (1994).

Kiesel U, Falkenberg FW, Kolb H. 1983. Genetic control of low-dose streptozotocin-induced autoimmune diabetes
in mice. JImmunol 130:1719-1722.

Kubwabo C, Vais N, Benoit, F. 2004. A pilot study on the determination of perfluorooctanesulfonate and other
perfluorinated compounds in blood of Canadians. J. Environ. Monit. 6:540-545.

Langley AE.1990. Effects of perfluoro-n-decanoic acid on the respiratory activity of isolated rat liver mitochondria.
J. Toxicol Environ Health 29:329-336.

Langley AE, Pilcher GD. 1985. Thyroid, bradycardic and hypothermic effects of perfluoro-n-decanoic acid in rats.
Journal of Toxicology and Environmental Health 15:485-491.

11


http://www.hc-sc.gc.ca/english/protection/warnings/1998/risk.html#2.3
http://www.hc-sc.gc.ca/english/protection/warnings/1998/risk.html#2.3

Li X, Kaminski NE, Fischer LJ. 2001. Examination of the immunosuppressive effect of deltad-
tetrahydrocannabinol in streptozotocin-induced autoimmune diabetes. Int Immunopharmacol 1:699-712.

Mandel JH. 2000. OUS pooled samples. US EPA OPPT AR226-0646 .
Mandel JH, Burris J. 1995. Antwerp blood testing results from June 1995. US EPA OPPT AR226-0175".

Martin JC, Muir DCG, Moody CA, EllisDA, Kwan WC et a. 2002. Collection of Airborne Fluorinated Organics
and Analysis by Gas Chromatography/Chemical 1onization Mass Spectrometry. Anal. Chem 74: 584 — 590.

Martin JW, Smithwick MM, Braune BM, Hoekstra PF, Muir DCG, Mabury SA. 2004.
Identification of long-chain perfluorinated acidsin biota from the Canadian Arctic. Environ Sci
Technol 38:373-380.

Mileson BE, Chambers JE, Chen WL, Dettbarn W, Ehrich M, Eldefrawi AT et a. 1998. Common M echanism of
toxicity: a case study of Organophosphorus pesticides. Toxicological Sciences 41:8-20.

Muir DCG, Scott B, Spencer C, TeixeiraC, Alaee M, Cannon C et al. 2002. L atitudinal trends of perfluorinated
acids and brominated diphenyl ethersin eastern North Americainferred from lake waters and dated sediment cores.
SETAC mtg.

Mylchreest E. 2003. PFOA: Lactational and placental transport pharmacokinetic study in rats. US EPA OPPT
AR226-1551"

Olsen GW, Burris M, Lundberg JK, Hansen KJ, Mandel JH et al. 2002a. Identification of fluorochemicalsin Sera.
I. American Red Cross adult blood donors. US EPA OPPT AR226-1083.

---. 2002b. ldentification of fluorochemicalsin Sera. Il. Elderly participants of adult changes in though study,
Seattle, Washington. US EPA OPPT AR226-1084".

---. 2002c. ldentification of fluorochemicalsin human sera. 111. Pediatric participantsin agroup A Streptococci
clinical tria investigation. US EPA OPPT AR226-1085 .

Posselt AM, Barker CF, Friedman AL, Naji A. 1992. Prevention of autoimmune diabetesin the BB Rat by
intrathymic idet transplantation at birth. Science 256:1321-1324.

Robinson, D. S. et al. Predominant TH2-like bronchoalveolar T-lymphocyte population in atopic asthma. New
England J. of Med. 326:298-304 (1992).

Rozing J, Coolen C, Tielen FJ, Weegenaar J, Schuurman H, Greiner DL et al. 1989. Defectsin the thymic epithelial
stroma of diabetes prone BB rats. Thymus 14:125-135.

Saoudi A, Seddon B, Fowell D, Mason D. 1996. The thymus contains a high frequency of cellsthat prevent
autoimmune diabetes on transfer into prediabetic recipients. JExp Med 184:2393-2398.

Savino W, Boitard C, Bach J, Dardenne M. 1991. Studies on the thymusin nonobese diabetic mouse |. Changesin
the microenvironmental compartments. Laboratory Investigations 64:405-417.

Schnellmann G. 1990. The Cellular Effects of unique pesticide Sulfluramid (N-ethyl perfluorooctanesul phonamide)
on rabbit renal proximal tubules. Toxic. In vitro 4:71-76.

Seacat AM, Hansen K. 2000. Analytical |aboratory report from the 26-week capsule toxicity study with .
Perfluorooctanesulfonic acid potassium salt (T-6295) in Cynomol gus monkeys. US EPA OPPT AR226-0981 .

Smithwick MM, Muir DCG, Mabury S, Solomon K, Sonne C, Erik W, Born EW, Dietz R. 2004. Perfluorinated
acidsin liver tissue from East Greenland polar bears (Ursus maritimus). In press

12



Starkov AA, Wallace KB. 2002. Structural determinants of fluorochemical-induced mitochondrial dysfunction. Tox
Sci 66:244-252.

Stock NL, Lau FK, EllisDA, Martin JW, Muir KCG, Mabury SA. 2004 Polyfluorinated telomer alcohols and
sulphonamides in the North American troposphere. Environ. Sci. Technol. 38: 991-996.

Taguchi O, Kojima A, Nishizuka Y. 1985. Experimental autoimmune prostatitis after neonatal Thymectomy in the
mouse. Clin Exp Immunol 60:123-129.

Taguchi, O., & Y. Nishizuka. 1981. Experimental autoimmune orchitis after neonatal Thymectomy in the mouse.
Clin Exp Immunol 46:425-434.

Tanaka S, Kawashima K, Naito K, Usami M, Nakadate M, Imaida K et al. 1992. Combined repeat dose and
reproductive/devel opmental toxicity screening test (OECD): Familiarization using cyclophosphamide. Fund and
Appl Tox 18:89-95.

Thomford PJ. 1998. 4-Week capsule toxicity studies with perfluorooctane sulfonic acid potassium salt (PFOS; T-
6295) in Cynomol gus monkeys [includes draft final report, cell proliferation report, protocol and memorandum from
Marvin Case re histopathology review of liver tissue. US EPA OPPT AR226-0144".

---. 2000. 26-week capsule toxicity study with perfluorooctane sulfonic acid potassium salt (PFOS: T-6295) in
Cynomolgus monkeys. US EPA OPPT AR226-0957".

---. 2001a. 26-week capsule toxicity study with ammonium perfluorooctanoate in Cynomolgus monkeys. US EPA
OPPT AR226-1052a

---. 2002. 104-week dietary chronic toxicity and carcinogenicity study with perfluorooctane sulfonic acid potassium
sdlt (PFOS; T-6295) in rats. US EPA OPPT AR226-1072a

US EPA 1999. Guidance for identifying pesticide chemicals and other substances that have a common mechanism
of toxicity. www.epa.gov/fedrgstr/EPA-PEST/1999/February/Day-05/6055.pdf

---. 2002a. Guidance on cumulative risk assessment of pesticide chemicals that have a common mechanism of
toxicity. www.epa.gov/pesticides/trac/science/cumulative _guidance.pdf

US EPA OPPT AR226-0548. 3M submission dated 1/21/99. Perfluorooctane sulfonate: current summary of human
sera, health and toxicology data.

Van Rafelghem MC, Baskin MJ, Bruner RH, Andersen ME 1987c. A time-course study of perfluoro-n-decanoic
acid pathology in male Fischer-344 rats. Fund & Appl Toxicol 11:503.

Van Rafelghem MC, Inhorn SL, Peterson RE. 1987a. Effects of perfluorodecanoic acid on thyroid statusin rats.
Toxicology and Applied Pharmacol ogy 87:430-439.

Van Rafelghem MC, Mattie DR, Bruner RH, Andersen ME. 1987b. Pathological and hepatic ultrastructral effects of
asingle dose of perfluoro-n-decanoic acid in the rat hamster, mouse, and guinea pig. Fund and Appl Tox 9:522-540.

Wallace KB, Starkov A. 1998. The effect of perfluorinated arylalkylsulfonamides on bioenergetics of rat liver
mitochondria. US EPA OPPT AR226-0167".

Warley A, Morris IW. 1988. Concentration of elementsin dying thymocytes from the thymus glad of diabetic rats.
Scanning Microscopy 2:2227-2232.

Yang Q, Xie Y, Depierre JW. 2000. Effects of peroxisome proliferators on the thymus and spleen o mice. Cl Exp
Immunol 122:219-226.

13


http://www.epa.gov/fedrgstr/EPA-PEST/1999/February/Day-05/6055.pdf
http://www.epa.gov/pesticides/trac/science/cumulative_guidance.pdf

Yang Q, Xie Y, Eriksson A M, DB, Depierre JW. 2001. Further evidence for the involvement of inhibition of cell
proliferation and development in thymic and splenic atrophy induced by the peroxisome proliferator
perfluorooctanoic acid in mice. Biochem Pharmacol 62:1133-1140.

Yang Q, Abedi-Valugerdi M, XieY, Zhao X, Mdller G, Nelson BD et al. 2002. Potent suppression of the adaptive
immune response in mice upon dietary exposure to the potent peroxisome proliferator, perfluorooctanoic acid. Inter
I mmunopharm 2:389-397.

York RG. 1999. Oral (gavage) cross-fostering study of PFOSin rats. US EPA OPPT AR226-0553".

---2002. Oral (Gavage) two-generation (one litter per generation) reproduction study of ammonium
perfluorooctanoate (APFO)in rats. US EPA OPPT AR226-1092".

Yasunami R, Bach J. 1988. Anti-suppressor effect of cyclophosphamide on the devel opment of spontaneous
diabetesin NOD mice. Eur JImmunol 18:481-484.

York RG, Frazee JA, Bradshaw SK, Parker KG.1999. Oral (stomach tube) developmental toxicity study of N-
EtFOSE in rabbits. US EPA OPPT AR226-0967 .

Zeidler A, Tosco C, Kumar D, Slavin B, Parker J. 1982. Spontaneous hyperglycemia and impaired glucose tolerance
in athymic nude Balb/c mice. Diabetes 31:821-825.

"Referencesin the form AR226-xxxx are papers and studiesin the US Environmental Protection Agencies
administrative record 226 of OPPT and can be obtained from OPPT.NCIC@epamail .epa.gov or www.ewg.org

14


http://www.ewg.org/

	D.  Cancer

