
Me MDHmo hata

Date: April 4, 2007

To TentedTor
Minnesota Pollution Control Agency

From: John Linc Stine, Division Director, > aILS,DiDisEimerHaDiss

This memorandum is in response to your question regarding the potential for perfluorooctaneer epep,
TrapperpgpfiMN rnorbegets
studiesoflaboratory animals and that the toxicity observe in these studies is relevant to
‘humans. The health effect found in monkeys, rats and mice at the lowest doses that produceam,Tokiof fmfsmbes atanitte lot oeste
documented in the attachment). At similar doses or higher doses these chemicals also alter
thyroid hormone levels and affect development in animals exposed during gestation (Seacat ct
al., 2002; Lau et al, 2003 and 2006; Wolf et al., 2007, Thomford 2001). Additional effects occurEkSESwtWl 30 Fm Rltis
gland development (White et al., 2007; Lau et al, 2006; Wolfetal., 2007) and PFOS exposure to

‘mice affects the immune system (Peden-Adams et al., 2006). The MDH based the risk
‘assessment for these chemicals primarily on the resultsofmonkey studies, in part because theeeen lyhtmayln
humans.

Rats exposed to high levelsofeither chemical develop tumors in the liver and other sites. The
tumor sitesoccurin the same organsthat are the most sensitive tothe health effects noted above.

Prevention of these sensitive, precursor effects will protect against the subsequent development
oftumors. In addition, humansarenotassensitive as rats to what is believed to be the majorstm ose bums weet
“The MDH has used thetoxicitystudies, information about the accumulationofeach chemical in
humans compared to animals, and standard risk assessment procedures to develop ari oral
reference dose for each chemical.
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Tim Scherkenbach 
Assistant Commissioner 

Minnesota Pollution Control Agency 

.John Linel Siine, Di~6sion Director ~~ 
Environmental Health Division / ~/ ",_.~ ¯" 
Minnesota Department of Health l./ ’ 

Hazard Determination of PFOA and PFOS 

This memorandum is in response to your question regarding the potential for perlluorooctane 

sulfonate (PFOS) and perfluorooctanoic acid (PFOA) to pose a substantial present or potential.. 
hazard to human health.                                                      . ~ 

The Minnesota Department of Health (MDH) has ddtermined that the chemicals are toxi’c in 
studies of laboratory animals and that the toxicity observed in these studies is rblevant to 
humans. The health effect found in monkeys, rats and mice at the lowest doses that produce 
toxicity was increased li;ver weight along.with clinical symptoms and histological evidence of 
liver toxicity (Butenoffet al. 2002; Sibinski 1987; Seacat et al., 2002; and otherpapers 
documented in. the attachment). At similar doses or higher dozes these chemicals als0 alter 
thyroid hormone levels and affect development in animals exposed during gestation (S¢acat et 
al., 2002~ Lau et al, 2003 and 2006; Wolf or at., 2007, Thomford2001). Additional effects occur 
at, higher levels: PFOA exposure to mice during gestation reduces pup survival and mammary 
gland development (White et al., 2007; Lau et at, 2006; Wolf et al., 2007) and PFOS exposure to 
mice affects the immune system (Peden-Adams et al., 2006). The MDH based the risk 
assessment for these chemicals primarily on the results of monkey studies, in part because)he 
chemicals’ biological mechanisms in monkeys are likely to be most similar and relevant to 
humans. 

Rats exposed to high levels of either chemical develop tumors in the liver-and other sites. The 

tumor sites occur in the same .organs that are the most sensitive to the health effects noted above. 
Prevention of these sensitive, precursor effects will protect against the subsequent development 
of tumors. In addition, humans are not as sensitive as rats to what is believed to be.the major 
mechanism action for inducing liver tumors. 

The MDH has used the toxicity studies., information about the accumulation of each chemical in 
¯ humans compared to animals~, and standard risk assessment procedures to.develol~ hti oral 
reference dose for each chemical. 

Environmental Health Division - 625 North Robert Street - St. Pau!, MN 55101 - (651) 201-4675 
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Mr. Tim Scherkenbach
April 4,2007
Page?

The reference dose is combined with an appropriate water inake (encompassing 95 percent of
the population) to develop Health Based Values for drinking water, which are described in the
attached memos. The values (0.5 ug/L for PFOA and 0.3 ug/L for PFOS) representa level at
‘which no health effects to humans are anticipated. The findings and resources used to develop
these findings are listed in the attachments.

PFOS has been foundinsome fish samples. TheMDH issuedfishconsumption advice
recommending limiting mealsofcertain fish i order to keep the public’s exposure (0 PFOS

_ from fishbelowthe2002 provisional referencedose.TheMDHwillusethe2007oral reference:
dose for PFOS to reevaluate fish tissu concentrations. The MDH anticipates that future fish
consumption advice willbe more stringent (a lower PFOS level in fish fillets will tigger advice
to limit consumption ofish).

PFOA and POShavebeen found in drinking water in LakeElmoand Oakdale. When well
results exceeded MDH guidelines or Health Based Values the MDH issued well advisories that
recommended that theresidents should notdrinkthe wateoruse it for cooking. The MDH :
recommended that the residents should use an altemative sourceofdrinking water. This advice:
has alsobeen shared with the Minnesota Pollution Control Agency in order (0 guide
investigation and remediation, and to provide altemative water supplies to citizens.

In summary, we believe these compounds pose a substantial present or potential hazard to human
health.

Attachments: or
PFOA Health Based Value memo with attachment
PFOS Health Based Value memo with attachment

ce: Lamy Gust, MDH
Pam Shubat, MDH. .
Rita Messing, MDH
Paul Hoff, MPCA
Doug Wetzstein, MPCA
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The reference dose is combined with an ~ppropriat.e water intake (encompassing 95 percent of 
the population) to develop .Health Based Values for drinking water, which are described in the 
attached memos. The values (0.5 ug/L for PFOA and 0.3 ug/L for PFOS) represent a level at 
which no health effects to humans are anticipated. The findings and resources used to develop 
these fmdings are listed in the attachments.               . : 

PFOS has been found in some fish samples. The MDH issued fish consumption advice ¯ 
recommending limiting meals of certain fishin order, tO keep the public’s exposure tO PFOS 
from fish below the 2002 provisional reference dose. The MDH will use the 2007. oral reference. 
dose for PFOS to reevaluate fish tissue concentrations, The MDH anticipates ihat future fish 
consumption advice will be more stringent (a lower PFOS level in fibh fillets will trigger advice. 
to limit consumption of fish). 

PFOA and PFOS have been found in drinking ;ffater in Lake Elmo and Oakdale. When well 
results exceededMDH guidelines, orHealth Based Values the MDH issued well advisories that 
recommended, that the residents should not ttrink the water or use it for cooking. The MDH 
recommended that the residents should use an alternative source of drinking water. This advice 
has also bee.n shared with the Minnesota Pollution Control Agency in order to guide 
investigation and remediation, and to provide alternative water supplies to citizens. 

In summary, we believe these compounds pose a substantial Present or potential hazard to human 
~health. 

Attachments: 
PFOA Health B~sed Value memo with atlachment 
PFOS Health Based Valu~ memo with attachment 

P:am.Slmbat, MDH 
Rita Messing, MDH . 
Paul Hoff, MPCA 
Doug Wetzstein, MPcA 
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Memo a
Date: February26; 2007

To: John Stine, Environmental Health Division DirectorMs
2! aVia: Larry Gust, Eaviroementl Surveilenceand AssssmentSection Manager ns piers

Pamela Shobah, Heh Risk Assessment Unit Supervisory grotoh +L
From: Helen Goeden, Health Risk Assessment Unit staff 7Al Mulv .

Sublect: Health Based Values for Perfluorooctane Sulfonate (PROS)

In 202 he MistsDepttofHeth UDB) developed a HIV of 1 poPRS. Sic 2002tartotmimoeeorsirsaeses
TS SLEY
Chemical ~~ CASH Endpoint ROD(mgfked) HBY(ug/l) Source
PFOS 1763-23-1 hepatic (liver) system 0.000075 03 ‘MDH2007Tr
iaforging degen0EN, Apt, Eashedeo msioto lovprepts vss
‘uncertainty associated with all HBVs, and they should be considered provisional. Professional judgmentaan mbt Sa wi smieHe
The MDH's aithorityto promulgate health risk limitsundertheGroundwaterProtection Act is limitedapeAA OT
been detected. Assuch,neitherhealthrisklimitsnorhealth-basedvalues aredevelopedforthepurposerimvopn.
= rapeon,ontenEe .msEE

foeaRAaa IEAHEryCr
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Memo 
Date: 

To~ 

Via: 

~ Subject:. 

February 26~ 2007 

¯ John Stine, Environmental.Health Division.. Director ~~"~/l|t~ ~ ¯ . /~ ,,J / 

Larry Gust, Enviror~emental Surveillance antiAssessment Sec]tion Manager~ g/h3/Z~t.�~ 
Pamela Shubat, Health Risk Assessment Unit Supervis6r!~g,,tM- -    "{,      . 

Helen Goeden, Health Risk Assessment Unit staff Jt,’~ " " 

Health Based Values for Perfluorooctane Sulfonate (PFOS)-- .- 

In 2002 the Minnesota D~partment.of Health (MDH) developed a HBV of 1 ppb for PFOS. Since 2002 
additional toxicity data, toxicokinetic data, and reviews of preexisting datahave been produced. After a 
careful review of.this information the Health Risk AssessmentUnit staff recommends that the HBV for 
PFOS be lowered to 0.3 ug/L (ppb). 

The follgwing information was utilized in generating the revised HBV: 

Chemical CAS # Endpoint ~ HI~V (u~JL) Source 
PFOS 1763-23-1 hepatic (liver) system 0.000075 0.3 MDH 2007 

and thyroid 

More detailed information, supporting the development of the HBV, is attached. Please be advised that; 
although _we believe that this number willproVide an adequate level of protection, thereis a degree .of 
uncertainty associated with all HBVs, and they should be considered piovisional. Professional judgment 
shouldbe used in implementing this HBV. MDH will review this/-IBV if and when additionhl studies 
have been conducted. 

The RIDH’s afithority to promulgate health risk limits under the Crroundwate~ Protection Act is limited 
to situations Where degradationhas already occurred. Similarly, health-based values, Which are un- 
promulgated exposure values, serve as interim advice issued for speeifio .sites where a contaminant has 
been ~. As such, neither health risk limits nor health-based values m-e deve]oped for the p.~mpose 
of providing an upper limit for degradation. 

Pa.m. Shubat, IVIDH 
Rita Messing. MDH 
Cathy Vitlas-Homs, MDA 
Shvlley Bunnan, MPCA 
Paul Heft, MPCA 
Doug Wctzstein, lvlI~.CA~ 

Environmental Health Division ¯ 625 N. Robert SL, P.O. Box 64975, St. Pau.I, M’N, 55164-1D75 - (65~) 201-4899 
hnF~/wwwa~lth,stat~,ran,us 
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: ATTACHMENT
(Corrected March 9, 2007)

DATA FOR DERIVATION OF GROUND WATER HEALTH BASED VALUE (HBV)

Chemical Name: Perfluopooctane Sulfonate (POS)
CAS: 1763-231 (acid) -

29081569 (ammoniam salt)
0225-14-8 (diethanolamine salt)
2795-39-3 (potassium salt)
20457.72.5 (lithium salt

Non-Cancer Health Based Value (HBV) =03ugll.

= Goxiity value, me/ke/d) x (relative source contribution) x (1000 ugitng)
- (intake rae, Likg-)

=(0.000075mg/kg/d) x (02)x (100 v/s)
(0.048 Lig/diy)

= 03ugL

Toxicity value: 0.000075 mg/kg-d (Cynomolgus monkeys)
Sourceof toxicity value: MDH 2007 (RID derived by MDH)
PointofDeparture: -. ‘minimal LOAEL, 0.15 mg/kg-d
Dose Metric Adjusiment: 20 (0 adjust fo haf duration of 5.4 years in humans versus 110 -

132 days in Cynomolgus monkeys)
‘Total uncertainty factor: 100
UF allocation: 3 interspecies toxicodynamic differences, 10 intraspecies variability;

and 3 LOAEL-t0-NOAEL (a value of3 was applied to the study
LOAEL rather than using the NOAEL or the default UF of 10 because
the eect observeda the LOAEL was considered to be ofminimal
severity)

Critical effect(s)*: Decreased HDL and T3
Co-critical effect(s)*: None
Additivity endpoin(s): Hepatic(liver) system, Thyroid (E)
Secondary effect(s)*: Developmental (decreased body weight/weight gain, decreased total

T4), decreased gestation length, immunc system alterationsCr opto ar ems ae Glos loosed a

Cancer Health Risk Limit (RL) = N/A

Volatile: No :
Adachment Page 1of 7
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ATTACHMENT 
(Corrected March 9, 2007) 

DATA FOR DERIVATION OF GROUND WATER HEALTH BASED VALUE (HBV) 

Chemical Name: Perfluo~’ooctaneSulfonate (PFOS) 
CAS: 1763~23-1 (acid) - 

29081-56-9 (ammonium salt)" 
70225-14-8 (diethanolamine salt) 
2795-39-3 (potassium salt) 
29457-72-5 (lithium salt) 

Non-Cancer Health Based Value (HBV) = 0.3 ug/L 

= (toxicity value, mg/k~d) X (relative source contribution) x (1000 ug/mg) 
(in.take rate, L/kg-d) 

(0.000075 mg/k~d) x (0,2) x ( !000 u~m_~) 
(0.048 L/kg/day) 

Toxicity value: 
Source of toxicity value: 
Point of DeParture: 
Dose Metric Adjustment: 

Total uncertainty factor: 
UF allocation: 

-Criti~:al 
Co-critical effect(s)*: 
Additivity eadpoint(s): 

Secondary effect(~)*: 

0.000075 mg!kg-d (Cynomolgus monkeys) 
MDH 2007 (RfD derived by MDH) 
minimal LOAEL, 0.15 mgikg-d 
20 (to adjust for half-life duration of 5,4 years in humans versus I 10 -. 

13’2 days.in ,,Cynomolgus mo~nkeys) 
100 
3 interspecies toxicodynamic differences, I0 intraspecies variability; 

and 3 LOAEL-to.-NOAEL (a value of 3 was applied to the study 
LOAELrather than using the NOAEL or the default LIF of i0 because’- 
the effect observed at the LOAEL was considered to be oftninimal 

severi~)      .. 
Decreased.HDL and T3 
None 
Hepatic (iiver).system, Thyroid (E) 

Developmental (decreased body weight/weight.gain, decreased total 

T4), decreased gestation length, immune system alterations 
of       terms       see        Glossary        located *        for       explanation 

httl~://~avw,health.state.m n.u s!divs/ekZ~.round water/hrl _~w/glossary.h tmi 

at:. 

Cancer Health Risk Limit (HRL) = N/A 

Volatile: No 

Attachment Page ! of ~ 
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‘Summary ofchanges Since 2002 HBV:
Toxicity Value (RID):
Improved toxicokinetic (5, half) information allowed for the incorporationof a 20-fld dose-
metric adjustment based on hal fe differencss between humans and monkeys and a 10-fold decrease in
the total UF. In 2002 a 30-fod factor (3 intrspecics extrapolation+ 10subchronic-o-chronic) was used
10 address uncertainties around toxicokinelics.
Intake ate.
POS, unlike mos ground water contaminants, has long hall:1if and therefore will accumalate inthe
body if repeated exposure occurs over lon:periodsof ime. Eventually th internal concentration of
PFOS will reach a plateau (steady-state). The lengthof time to reach seady state conditions is

+ equivalent to approximately 5 halves. In the caseof PFOS the ime to sicady-state would be
approximately 27years (5 xhuman half of 5.4 years). The intake rate selected for the revised HBV.
was  ime-weighied average intake ofan upper-end consumer over the firs 27 years of fe (0.048 Lkg-
4). This intake at incorparates the higher intake ote carly in ie. infants and children) as well as
the accumulationofthe chemical ove tne.

‘Considerationof easitve Populations:
‘Growth deficit, alerations in thyroid hormone levels (T4 and T3), increased fiver weights, and delays
in development have been reported in offspring exposed during developmen. These eects were
observed af doses spproximalely3 to 7times higher tha the ical study minimal LOAEL. Potential
Hcalfbased values based on protection ofa pregant woman and her fetus were evaluated. Two
scenarios wer evaluated: 1 long erm exposure—expat (0 the mother from bith to age 27 years,

and2) a short.term exposure— exposure to a infant. The long-tem exposure scenario incorporated
accumulation ove ime and utilized a time-weighted intake atc 0.048 L/kg:. The short-tem exposure
scenario did not incorporate accumulation over ime but did utilize a young infant intake rae of 0.221
Likg-d. The resulting potential HBVs for both scenarios wre not lowe (.. more restrictive) than the
HBY based on the elected critical study in monkeys.

Summary of toxicity testing for health effects identified in the Héalth Standards Statute:
[—__ TEndocrine_[immunotoxicity|Development|Reproductive |Neurotonicity|

Tested? Sec. Yes Yes Yes Yes
Observations!

Note: Even Teg or pci hel Geta mo ondacd For his heme, oration S50 aretm bevale fom icsconde froepurpose Mostchemicals have eenScuple suies fn which
scares niyo doe wher bo efecs were dhsrvd, nd lowest dese acased an merefc.xcused on hefcahtoved1ksdo srs alvbsis Cmdr preci oflier fects
toca atiheds

Comments on extent of testing or effects:
“Thyroid hormonal perturbations have been observed in laboratory animals at dose levels similar (0 the
riicl study LOAEL. Alterations in thyroid hormone levels have been identifiedas rial effect.
2Short-term immunofoxiity studies have show that PFOS exposure alters several immunologic
parameters (suppression of SRBC-specific 19M production and Tell proliferation, increased natural

Killercel activity) at levels belowthe riical study LOAEL. The biological significanceoftheseeffects
Attachment Page 2 of 7
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,Summary of changes ~ince 2002 HBV: 
¯ Toxicity Value (RfD): 

hnproved toxicoEineti� (e.g., half-life) information allowed for the incorporation 0fa 20-folddose- 
metric adjustment based on half-life differences.between humans and monkeys and a 10-fold decrease in. 
the total UF. In 2002 a 30-fold factor (3 interspecies extrapolation + ! 0 subchronic-to-chronic) was used 
to address uncertainties around toxicokinetics. 

Intake rate:                                , 

PFOS, unlike most ground water contaminants, has a long halfqife and therefore will accumulate in the 
body if repeated ,exposure occurs over long-periods of time. Eventuali~ the internal concentration of 
PFOS will reach a plateau (steady-state). The’ length of time to reach steady state conditions is 
equivalent to approximately 5 half-lives. In the case of PFOS the time to steady-state would be 
approximately 27 years (5 x human half-life 0.f 5.4 .years). The intake rate selected for the revised HBV. 
was a time-weighted average intake of an upper-end consumer over the first 27 years of life (0.048 L/kg= 
d). This intake rate incorporates the higher intake rates early in life (i.e., infants and children) as well as 
the accumulation of the chemical over time.                               : 

Consideration of Sensitive Populations: 
Giowth deficits, alterations in thyroid hormone levels (T4 and T3)i.increased ]iver weights, and delays 
in developmcnthave been reportedin offspring exposed during development: These effects were 
observed at doses approximately. 3 to 7 times highey than the critical study mi nimal LOAEL. Potential 
health-based values based on protection of a pregnant woman and her fetus were evaluated. Two 
scenarios were evaluated: 1) a long-term e~posUre - exposure to the mother from birth to age 27 years, 

¯ and 2) a short-term exposure - exposure to an infant. The long-term exposure scenario incorporated 
accumulation over time and utilized a time-weighted intake rate 0.048 L/kg-d. The short-term exposure 
scenario did not incorporate accumulation over time but did utilize a young infant intake rate of 0.221 
L/kg-d. The resulting potential HBVs for both scenarios were not lower (i.e., more restrictive) than the 
HBV based on the selected critical study in monkeys. 

Summa~ of toxicit~ testing for health effects identified in the H~alth Standards statute: 

Endocrine     Immunotoxieity Development ¯Reproductive Neurotoxicit~ 
Tested? See. Yes ¯ Yes Yes’ iYes- 

: Observations~ 

Effects? Yes Yes~ Yes3 Yes4 ........ Ye~~ 
Note: Even ift,esting for a specific health effect was not conducted for this chemical, information aboul that effect may be 
available from studies conducted for other purposes. Most chemicals have been subject to multiplestudies in which 
researchers identify a dose where no effects were observed, and the lowest dose that caused ohe or more effects, A toxicity 
~¢alue based on the effect obs~erved at the lowest dose across all available studies is considered protective of all other effects 
that occur at higher doses. 

Commenls on extent of testing or effects: 
~ Thyroid hormonal perturbations, have been observed in laboratory animals at do~ levels similar to’the 
critical study LOAEL. Alterations in thyroid hormone levels have been identified as critical effect. 
z Short-term immunotoxicity studies have shown that PFOS exposure alters several immunologic 
parameters (suppression of SRBC-specific lgM production and T-cell proliferation, increased natural 
killer cell activity) at levels below the critical study LOAEL. The biological significance ofthe~e effects 

Attachment Page 2 of 7 
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isnot entirely clear. Furthér study is nceded to determine whether PFOS poses potential health risks to
humans asa result ofalterations in immune function, however, the MDH will include immune system as
asecondaryeffect atthistime.
3Lower body weight in offspring, decreased T4, increased steal defects and decreased gestation length
have been reported at levels approximately 3-fold higher than the critical study LOAFL. These effects
have been identified at sccgndary effects. At doses approximately 10-fold higher than the LOAEL
additional developmental effects (decreased pup viability, developmental delays) are observed.
“A male reproductive study reported decreases in sperm count and increases in sperm deformities at
levels 10-fold higher than the critical study LOAEL.
*Hypoactive responses to icalin has been observed in neonatal mice acutely exposed to levels 75-fold
higher than the critical study LOAEL but these effects were not observed at evels 5-fold higher.
‘Convulsions, severe rigidity and body trembling have been observed in Rhesus monkeys subchronically
exposed to levels approximately 30-fold higher than th critcal study LOAEL. -

Atachement Page 3 of7
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is. not entirely clear. Furthdr study is needed to determine whethcr PFOS poses potential health risks t9 
humans as a result of alterations in immune function, however, the’MDH will include immune system as 
a secondary’effect at this time. 
3 Lower body weight in offspring, decreased T4, increased sternal defects and decreased gestation length 

have been reported at levels approx!mately 3-fold higher than the critical ~tudy LOAEL. These effects " 
have been identified at ~ec.0ndary effects. At doses apprqximately 10-fold highe~ than the LOAEL 
additional developmental-effects (decreased pup viability, developmental delays) are observed: 
4 A male reproductive study reported decreases in sperm count and increases in sperm deformities at 

levels 10-fold higher than the critical study LOAEL. 
~ Hypoactive responses tO nicotine has been observed in neonatal mice acutely exposed to level/; 75-foid 

higher than the critical’study LOAELbut.these effects were not observed at levels 5-fold higher. 
Convulsions, severe rigidity and body trembling have been observed in Rhesus monkeys subchronically 
exposed to levels approximately 30-fold higher than the critical stu.dy LOAEL. 
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The folowing sources were reviewed in the preparationof the HBV:

Andersen, ME, ct. al. 2006 Pharmacokinetic ModelingofSaturable, Renal Resorption of
Perfluoroakylacids in Monkeys~Probing the Determinants of Long Plasma Half-Lives. Toxicology
(onlin) doi:10.1016/310x.2006.08.004

Austin etal, Neuroendocrine EffectsofPérfluorooctane Sulfonate in Rats. Env Health Perspect
111012)1485-1489, 2003

Bondy G, 1 Curran, LCoady, C Armsironi, M Parentcav, V Liston,L Hicrliy,JShenton
Immunomodultionbyperfluorooctanesulfonate (PFOS) in a 28-day ra feeding study. The
Toxicologist, Abstract #101, 2006.

Butcnhoff etal, Perfluorooctanc Sulfonate-Induced Perinatal Mortality in Rat Pups is Associated with a
Steep Dose-Response. The Toxicologist 66(1): 25 (Abstract 120), 2002.

Butenhoff etal, Thyroid hormone satus in adult female rats afteran oral doseof pefluoroctancsulfonate:
(PFOS). The Toicologist, Abstract #1740, 2005,

Curran et al, Perfluorooctancsulfonate (PFOS) Toxicity inthe Rat: A 28-Day Feeding Study. The
Toxicologist Abstract #102, 2006 .

Fan YO, Jin YI, Ma YX, Zhang YH 2005. [Effects of pelluorooctan sulfonate on spermiogenesis
functionofmale rats] Article in Chinese] Wei Sheng Yan Ju. Jan; 34(1):37-9. accessed at:
hitpiwwwvncbi.lm.nih govientrezquery.egiTemd=Retrieveddb=pubmedddopt=Abstract&list_uids=
15862018)

Food Standards Agency, Commitice on ToxicityofChemicals in Food; Consumer Products and the
Environment. Second Draft Working Paper on the Tolerable Daily Intake for Perfluorooctane Sulfonate
(May 2006).

Food Standards Agency (a Uniied Kingdom Government Agency), Committeé on Toxicityof Chemicals
in Food, Consumer Products and the Environment. Minutesofthe July 11, 2006 meeting.

Food Standards Agency, Commitee on Toxicity (COT)ofChemicals in Food, Consumer Products and
the Environment. COT Statementon the Tolerable Daily Intake for Perfluorooctane Sulfonate
(November 2006).

: Fuentes S, MT Colomina, § Rodriguez, P Vicens, JL Domingo. Interactions in developmental
toxicology: concurrentexposureto perluorooctane sulfonate (PFOS) and stess in pregnant mice,
Toxicology Letters 164:81-89, 2006.

German Ministryof Health Drinking Water Commission. Provisional evaluationof PFT in drinking
‘water with the guide substances perfluorooctanoic acid (PFOA)and perfluorooctane sulfonate (PFOS)
as examples. July 13,2006. htp//sww umweltbundesamtdefuba-info-presse-¢intergrund/pf-in-
drinking-waterpal
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The following sources were reviewed in the preparation of the HBV: 

Andersen, ME, et. al., 2006 Pharmacokinctic Modeling of Saturable, Renal Resorption of 
Perfluoroalkylacids in Monkeys - Probing the Determinants of Long Plasma tlalFLives. Tqxicology 
(on-line) doi: 10.10160.tox~2006 ~08.004 

Austin et al., Neuroendocrine Effects of Perfluo~:ooctane Sulfonate in Rats. Env Health Perspect 
1 i 1(12)1485-1489, 200.3 

Bandy G, I Curran, L Coady, C Armstrong, M Parenteau, V Liston, L Hierlihy, J Shenton. 
Immunomodulation by perfluorooctanesulfonate (PFOS) in a 28-day rat feeding study. The 
Toxicologist, Abstract #101, 2006.     ~                        .. 

Butenhoff et al, Perfluorooctane Sulfonate~Induced PerinataiMortality. in Rat Pups is Associated with a 
Steep Dose-Response..The Toxicologist’66(i): 25 (Abstract 120), 2002. 

Butenhoff et al, Thyroid hormone status in adult female rats after an oral dose of perfluoroctanesult~onate 

(PFOS!.The Toxicologist, Abstract #1740, 2005..                             ~ 

Curran et al., Perfiuorooctanesulfonate (PFDS) Toxicity in the Rat: A 28-Day Feeding Study. The 
Toxicologist Abstract # 102, 2006 

Fan YO, Jin YH, Ma YX, Zhang YH 2005. [Effects of perfluorooctane ~ulfonatc on spcrmiogencsis 
function ofmalq rats] [Article in Chine~e] Wei Sheng Yan Jiu. Jan;34(I):37~9. (accessed at: 
http://www.ncbi.nlm.nih.gov/entrez/query, fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract& list_uids= 
15862018 ) 

Food Standards Agency, Committee on Toxicity of Chemicals in Food; Consumer Products and the 
Environment. Second Draft Working Paper on the Toierable Daily Intake for Pe~fluoro0ctane Sulfonate 
(May 2006). 

Food Standards ,~genc~, (a Unitbd Kingdom Government Agency), Committed on Toxicity of Chemicals. 
in Food, Consumer Products and the Environment. Minutes of the July 11, 2006 meeting. 

Food Standards AgencY,, Committee on Toxicity (COT) bfChemicals in Food, Consumer Products and . 
the.Environment. COT Statement on the Tolerable Daily Intake for Perfluorooctane Sulfonate 
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Memo 
Date: 

To: 

Via: 

From: 

Subject: 

February 26, 2007 

John Stine, Environmental Hefilth Division Director 

Pamela ShubaL Health Risk Assessment Unit Supervisor.~#,~’~ 

Helen Goeden, Health Risk Assessment Unit staff 

Health Bv.se.d Values for.Perfluorooctanoic acid (PFOA) 

In 2002 the.Minne, sota Department of Health (MDH) developed a HBV of 7 ppb for PFOA. Since 2002 
additional toxicity data, toxicokinetic data, and rev.iews of preexisting data have been l~oduced. After a 
careful review of this information the Health Risk Assessment Unit staff t-e~mmends that the I-!BV for 
PFOA be lowered to 0.5 ug/L (ppb). 

The following information was utilized in generating the revised HBV: 

Chemical - CAS # Endpoint RfD (mg/kg-d) HBV (u~/L) Source 
PFOA 335-67-1 hepatic (liv6r) System, 0.00014 - 0..5 MDH 2007 

hemotopoietic (blood) 
system, developmental, 
and immune system 

More detailed information, supporting the developmentofthe HBV, is attached. Please be advisetl that, 
although we believe that this. number will provide an adequate level of protection, there is a degree of. 
uncertainty associaWxl with all HBVs, and theylshould be considered provisional. Professional judgment 

have been conducted. 

The MDH;s authority to promulgate-health risk limits.under the Groundwater Protection Act is limited 
to .~imations ~het~.ttegradati6n hasalreddy occurred. Similarly~-health-based values, which are un-, 
promulgated exposure values, serve as interim advice issued for specific sites where a contaminant has 
been detected. As such, neither health risk limits nor health;based values are developed for the purpose 
of providing an upper limit for .degradation. 

I_arry Gust,’MDH 

Pare Shubat, MDH 
Rim Messing, MDH 

Cathy Villas-Horns, MDA 
ShelleyBurman, MPCA 

Paul Hoff, MPCA 
DougWetzstein,.MPCA 

Environmental Health Division ,, 625 N. Robert St., P.O. Box 64975, St. Paul, MN,’55164~0975 * (651) 201-4899 
bttp’~lw ww .Iw~lth.st aa~,nm.tt~ 
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ATTACHMENT
"DATA FOR DERIVATION OF GROUND WATER HEALTH BASED VALUE (BY)

Chemical Name: Perfluorooctancic Acid (PFOA)
(CAS: 335-67-1(acid)

3825.26-1 (ammonium salt, APFO)
2395-00-8(potassiumsalt)
335-95-5 (sodium salt)

Non-Cancer Health Based Value (BY) = 0.5 ug/L

=toxicity value,male (lativesourcecontribution)x(1000uglsig)
(intake rate, Likg-d)

=(0.00018mefke/d) x 0.2)x(1000ug/g)
(0053 Likgiday)

=0Sug/L

Toxicity value: 0.00014 mg/kg-d (Cynomolgus monkeys)
Sourceoftoxicity value: MDH2007(RIDderivedbyMDH)
Pointof Departure: LOAEL, 3 mg/kg-d
Dose Metric Adjustment: 70(to adjustforhalf durationof3.8years in humans versus 20

days inmaleCypomolgs monkeys)
Total uncertainty factor: 300 .
UF allocation: 3 intrspecis oxicodynamic diffrence, 10 inraspecics variability,

~ and 10 LOATL-4o-NOAEL (foc Ick of no effect dose in the rites
study)

Critical effect(s)*: Increased relative liver weight .Coriical effects):~~ Reducednumberoferythrocytes, reduced body weight ndbody +
~ weight gain, developmental effets (decreased weight gin, delayed

developmental progress, hypoactive response in nicotine-induced
behavior test), suppressed IgM titers:

Additvity endpoints): Hepatic iver) sytem, hematopoietic (blood) sysicm, development),
immune system :

Secondary effec(sy”: Decreased postaatal survival, increas in the incidenceoffull lier
resorptions, altered mammary glanddevelopment, decreased thyoid
hormones (T4 & T3), disruptionofspontancous behavior, changes in
the aden cortex

*forexplansionoftemssoGlossary located at:hws state movvslivletVgroundsterwlglossary bind
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ATTACHMENT 

DATA FOR DERIVATION OF GROUND WATER HEALTH BASED VALUE (HBV) 

Chemical Name: Perfiuorooctanoic Acid (PFOA) 
CAS: 335-67-1(acid) 

3825-26-1 (ammonium salt, APFO) 
2395-00-8 (potassium,salt) 
335-95-5 (sodium salt) 

Non-Cancer Health Based Value (HBV) = 0.5ug/L 

= (toxicity value, m~rk~/d) x (relative source contribution) x (1000 ug/mg) 
(intake rate,-Lfkg-d) , 

= (0.00014 mg/kg/d) x (0.2) x (1000 u~/m~) 
(0.053 Lfkg(.day) 

Toxicity value: 0.00014 mg/kg-d (Cynomolgus monkeys) 
Source of toxicity value: MDH 2007 (RID derived hy 
Point of Departure: ¯ " LOAEL, 3 mg/kg-d 
Dose Metric Adjustment: 70 .(to adjust for half-life duration of 3.8 years in humans versus 20 

days in male Cynomolgus monkeYs) 
Total uncertainty factor.. 300 ’ 
UF allocation: 3 interspeci~ toxieodynamic differences, 10 intraspecies vafiabi’iit)r, 

’ and 10 LOAEI,.to-NOAP.I, (for lack Of a no effect dose in the critical 
study)                           .. 

Critical effect(s)*: increased relative liver weight 
Co-critical effect(s)*: " " Reduced number of erythroeytes, reduced body weight and bod~ 

" weight gain, developmental effects (,decreased weight gain, delayed 
developmental progress, hypoactive response in nicotine-induced 
.behavior test), suppressed IgM fiters 

Additivity endpoint(s): Hepatic (liver) sys. tern, heraampoietie (blood) system, developmental, 
immune system 

Secondary effect(s)*: Decreased postnatalsurvival, inca’ease in the incidence of full litter 
resorptions, altered mammary gland development, decw, ased lhyroid 
hormones 0"4 & T3), disruption of spontaneous behav, ior, changes in 
the adrenal cortex 

¯ * for explanation of terms see Glossa~yioeatcd at: http’Jlwww.healthlstate, mn.ur~/divs/eh/groundwa’ter/hrlgwlglossar3tahtml 
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‘Cancer Health Risk Limit (HRL) = NA

Volatile: No :

‘Summaryofchanges since 2002 HBV:
Toricity Value (RID):
Improved toxicokinetic (e.g. hlf-Jfe) information allowedfo the incorporationof a 70-fold dose-
metric adjustment based on half-life differences between humans and monkeys and a 10-fold decrease in
the total UF. In 2002a 30-fold focor 3 interspecies extrapolation + 10 subchronic-to-chronic) was used
10 address uncertainties around toxicokinctics.

Intake rate:
POA, unlike most ground walcr contaminants, has along half-life and therefore will accumulate in the
bodyif repeated exposure occurs over long-period of ime. Eventually the intemal concentration of
PEOA will reach a plates (steady-state). “The lengthoftie to reach steady state conditions is
equivalenttoapproximately 5half ives. In the caseof PFOA th time 1 steady-state would be
approximately 19 years (5 x human half-if of 3.8 years). The intake ate electedforthe revised HBY
Was time-weighted average intakeofan upper-end consumer over the first 19yearsoflife 0.053 Likg-
0. This intake at incorporais the higher intake rates earty in life (.., infants and children) as well 15
the accumulation ofthe cheanicalovertime.

‘ConsiderationofSensitive Populations: .
Delayed development and growth deficits in the offspringof females mic exposedduringpregnancy
havebeenreported atdoselevels similar {0the LOAELofthe criica study (3me/kg-d). Studieshave
shown that the developmental effects arcmainly due to exposure during pregnancy rather than after
bith.PossibleHBVs,basedonprotectionofapregnantwoman and herfets,weroalsocalculated. Two
scentrioswere evaluated: 1) a long-term exposure — exposure 10 the mother from birth tage 19 yeas,
0d2) ashort-{cam exposure— exposuro toaninfant.Thelong-termexposurescenariofocorparaied:
accumilationover time and utilizeda time-weighted intake rote 0.053 Likg:d. The shorten exposure

© coma did FOUinCorporIE SCEURRUIALoN over GeBufdid UAlzE & YoungTATARCIAAKS (ef 0.221
Likg-d.ThetésultingpotentialHBV: forbothscenarioswerehigherthan theHBYbasedontheselected
eritcal study in monkeys.
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Cance~ Health Risk Limit (HRL) = N/A 

Volatile: No 

Summary of changes since 2002 HBV: 
Toxicity Value (gfD):                                   ..    . 
Improved toxicokinetic (e.g., half-life) in~’ormation allowed for the incorporation of a 70-fold do~- 
metric adjustment based on half-lifo differencos between humans and monkeys and a !0-fold deL-rcase in- 
the total UF,In 2002 a 30-fold factor (3 interspecies ex~trapolation + 10 subchronic-to-chronic) was used 
to address uncertainties around toxicokinetics. 

Intake rate: 
PFOA, unlike most ground water contaminants, has a long half-life and therefore willaecumuiate in the. . 
bbdy ff repeated exposure. 6ccurs over long-periods of time. Eventually the internal concenWation of 
PFOA will reach a plateau (steady-state). The length of time to reach steady state conditions is 
equivalent to approximately 5 half-lives, In the case of PFOA the time to steady-state w.guid be 
approximately 19 years (5 x human half-life of 3.8 years), Ttie intake rate selected for the revi .sed HBV 
was a time-weighted average intake of an upper-end consumer over the first 19 years of life.(0.053. I_/l(g- 

¯ d).. This intake.rate incorpora(es the higher intake rates early in life (i-e.~ infants and children) as well as 
the aecumulation of the chemical over time. 

Consideration¯of Sensitiye Populations: 
Delayed development and growth deficits in the offsprifig of.females.mice exposed during pregnancy 
have been reported at dose levels similar to the LOAI~I. of the critical study (3 mg/kg-d). Studies have 
shown that the developmental effects are mainly due to exposure during pregnancy rather than after 
birth. Possible HBVs, based on protection of a pregnant woman and her fetus, w~re also calculated. TwO 
scenarios were evaluated: 1) a long-term exposure r- exposure to the mother from birth to age 12 years, . 
and 2) a short-term exposure - exposure to an infant. The long-term exposure scenario incorporated 
accumulation over time and utilized a time-weighted intake. rate 0.053 L/kg-d. The short-term exposure 

scenario didfftfifiC-tr~b-r~t-e~ffm~l~itib~i 6V~f-ti .~d-b~t-tliff~filigS-fi young ]h-f~t-m’fft~tk-~i~i~tf 0~221 ........................... 
L/kg-d. The rdsulting potential HBVs for both scenarios were higher than the ]-IBV based on the selected 
critical study in monkeys., 
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‘Summary of toxllty testing for health effects identified in the Health Standards Statute:

Tosca? Sec. Yes Yes Yeo Yes
Observations

ec: Sven icaingTo»speciehealthectwes nt conducted for sche, eormation hodTat cayBo
vilfromsd conducted oc theripsa.Mtchars bavebeensbjcbo lil ic in hich
eserchrs nif dosewheremoetwereabervd,a he komt doe akcaus onomore cfc. A oxicity
alubceoth fectcaved ths lowes doescroll vialtis + conse proectine ofal es facts

dha cea tiger dos,

Commentson extent of testingoreffects:
Hormonal perturbation (5, decreased thyrosine (4) and wiodotbyrorine (3) levels) have been
observed in laboratory animals st dose levels approximately 3-fold higher than the LOAEL and have
beenidentified assecondary effects
*Shortterm immunoloxicitystuics have shown that PFOA exposure suppresses humoral imimnity and
may adversely affect cll diated immunity a¢ doses similar toth critical study LOAEL. These effects
have been identified as co-critcal effects.
3Developmental delays, lowerbodyweightweight gain and behavior in offspring have been observed at
dose levels similarto the LOAEL. These cffccs have been identifiedasco-ciical effects. At doses 3-
fold higher than the LOAEL additional developmental fects (decreased pup viability, delays in eye:
opening, increased incidenceoffull-lter resorption, alization in mammary gland development) are
observed. Effects occuringa doses approximaily3 old higher have been identified as secondary
effects.

“The results ofth 2-generational study indicate thtfeltis not afecte by treatment. Full lider
resorption was observed at dos levels 3-fold higher than the LOAEL, however, ts unclear whether tis

ruledfrommatemal toxicityor a direc effect on the developingorganism.Allered mammarygland
‘evelopment during the lactational period was observed in micoexposed to dose levels slightly higher
thanthecritical studyLOAEL duringprognancy. Increased incidenceoffull-lter resorption and

alterationsin mammaryglanddevelopment havebeca identified23asecondaryeffects.
SHypoaciveresponse tonicotine hasbeen observedinneonatalmiceandhasbeen cluded inthe lst of
co-citcaleffects. Adose-relatedincreaseinataxiainthefemale rats wasreported inthechronic 2year
study at dos loves reat than the LOAEL, however, his effect was not observed in males with higher
body burdens or in 0 day studies utilizinghigherdoses. Disruptionofspontancous behavior following
acuteneonatalexposure todosesapproximately 3-fod higherthan thecritical studyLOAL bavebeen

observedandare identified asasecondaryeffec,The SABhasrecommendedadditionalneurological
testing
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Summar~ of toxicity .,t~, .ting for h~alth effects ld.entifit~l in the It~alth Standards Statute: . 
¯ Endocrine     Immu~,,gtoxicity Development Reproductive Neurotoxicity 

Te~ted? Sec. Yes Yes Yes Yes 
, Observations~ 

Effects? Yes Yea2 " ’ Yes3 Unclear� Yes~’ - 
r 

¯ Note: Even if testing for a specific health effect was not conducted for this chexnical information about that effect may im 
avail~bl~ fromstudies ¢onduetezt for other p~t-p~ea. Most ehe, micals have bee~ zub eet to multiple studies iU which 

. researchers identify a dose.where no effects were observed, and the lowest dose that caused one or rare effects. A toxicity 
value based on the effect observed at the lowest dose across all available studies is considered p~-0tective of all other effects 
that ~ at higher doses. 

Comments on extent of testing or effects: 
rHorm, onal perturbations (e.g., decreased thyroxine (’I’4) and triiodothyronine (T3) levels) have been~ 
observed .in laboratory animals at do~e levels approximately 3-fold higherthan theLOAEL and have 
been identified ~ ~ee0ndary effects~                                         - 
2 Short-term immunotoxicity studies have shown that PFOA exposure suppresses humora] immunity and 

may adversely affect cell mediated immunity at doses similar to the critical .study LOAEL These effects. 
have been identified as co-criticaleffects. 
3 Developmental delays, lower body Weight/weight gain and behavior in offspring have beenobserved at 

dose levelssimilar to the LOAEL. These effects have been identifiedas .co-critical effects. At doses 3- 
fold higher than the LOAEI. additional developmental effects (decreased pup viability, delays in eye 
opening, increased incidence of full-!itter resorption, alterations in mammary gland developmen0 are 
observed. Effects occurring at doses approximately 3 fold higher have been identified as secondary 
effects.,                                                                     ¯ " 

" ’tThe results of the 2=ge~rati0nal sttidy indicate that fertilityis notaffe~ii~l byti~tfiieiit. FulI-li~ " 
¯ resorption was observed at dose levels 3-fold higher than the LOAEL, however, it is unclear whether this 
resulted from maternal toxicity or a di ~rect effect on the developing organism. Altered mammary gland 
development during the laetationai period was observed in mie~ exposed to dose levels slightly higher 
than the critical study LOAtql. during pregnancy. Increased incidence of fullrlitter resorption and. 
alterations in mammary gland development have been identified as a secondary effects: 
s Hypoaetive response to nicotine has been observed in neonatal mice and has been included in the list of 

co-critical effects. A dose-related increase in ataxia in the female rats was rep,orted inthe chronic 2 year 
study at dose levels greater than the LOAEL,howdver,. this effect was not observed in males with.higher. 
body burdens or in 9Oday studies uiifizing higher doses. Disruption of spontaneous behavior following 
acute neonatal exposure to doses approximately 3-fold high.or than the critieal~-tudy LOA .h-~. have been 
observed and are identified as a secondary effect. The SAB has recommended additional neurologie.al 
.testing. 
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‘The following sources were reviewed in the preparationoftheHBY:

Andersen, ME, et.al. 2006 Pharmacokinetic Modelingof Saturable, Renal Resorption of
Perfluoroalkylacids in Monkeys~Probing the Determinants of Long Plasma Half-Lives. Toxicology
227:156-164.

‘Abbott B,CI Wolf, KP Das, CS Lau. 3007. Roleofperoxisomeproliferatoractivatedreceptor-alpha
(PPARG) in mediating the developmental toxicityof perluorooctancicacid(PFOA) in the mouse. The
‘Toxicologist (submitted for the 2007 annual SOT mecting).

ACGIH DocumentationofTLVs 2001. Ammonium Perfluorooctanoate.

Butenhoft, et al. 2002. ToxicityofAmmonium Perfluorooctanoate in Male Cynomolgus Monkeys After
Ora Dosing for6 Months. Toxicological Sciences 69:244-257,

Buteahoff JL, etal. 2004a. Pharmacokineticsofperfluorooctanoats in Cynomolgus monkeys.
Toxicological Sciences 82: 394-406 ; -

Butenho, t al, 2004b. The Reproductive ToxicologyofAmmoniuri Perfluorooctanoate (AFO)i the
Rat. Toxicology 196: 95-116.

‘Butenhoffet al, 2004c. Characterization of riskofgeneral population exposure to perfluorooctanoate.
Reg Tox and Pharm 39:363-380. LE.

Buicnhoffct aL, 2005. Response to eter tothe editor.Reg Tox andPham42:146-147.

‘CATT 2002. WestVirginiaDeparumentofEnvironmental Protection (DEP). August 2002. Final
Ammonium Perfluorooctanoate (C8) Assessmentof Toxicity Team (CATT) Report.

ClewellHJ,Tan YM, Andersen ME. SocietyofRisk Analysis presentation Dec. 2006. Application of
Pharmacokinetic Modelingto Estimate PFOA Exposures Associated with Measured Blood.
‘Concenirations in Human Populations. Abstract M2.C.1.

'DeWit JC, CB Copeland and RW Lusbke. 2007. Dose-responseofpefluorooctanoic acid-induced
immunomodulation in adult CSTBLIG mice. The Toxicologist (submitted for the 2007 Annual SOT
meeting).

‘Bonet E, et al. 20062. Community Exposure to Perfluorooctanoate: Relationships between serum
levels and certain health parameters. JOEM 48(8)771.79.

Bmmett E, et al. 2006b. Community Exposureto Perfluorooctanoate: Relationships between serum
concentrationsand exposure sources. JOEM 48(8)759-10.

Fenton SE, CLau,EPHines, JR Thibodeau, and SS While. Long-term health effectsofPFOA after
prenatal and actational exposure in mice, The Toxicologist (submitiedfor the 2007 Annual SOT
meeting).
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The following sburces were reviewed in the preparation of the HBV: 

Andersen, ME, et, al,, 2006 Pharmacokinetic Modeling.of Satura.ble, Renal Resorption of . 
Perfluoroalkylacids in Monkeys.- Probing the Determinants of Long Plasma Half-Lives. Toxicology 
227:156-164. 

Abbott B,C_J Wolf, KP Das, CS Lau. ~007, Role of i~ roxisome proliferator activated receptor-alpha 
(PPARc0 in mediating the developmental toxicity of perfluorooctanoie acid (PFOA) in the mouse. The 
Toxicologist (submitted for the 2007 annual SOT meeting), 

ACGIH Documentation of TLVs 2001. Ammonium Perfluorooctanoate. 

Butenhoff, et al., 2002. Toxicity o.f Ammonium Peffluorooctanoate in Male Cynomolgus Monkeys Aft. er 
Oral Dosing for 6 Months. Toxicological Sciences 69:244-257.                             ¯ ’ 

Butenhoff JL, et al., 20tMa. Pharrnacokinetics of perfluo~ooct~oate in Cynomolgus monkeys. 
Toxicolggical Sciences 82:394-406 

Butenhoff, et aL, 2004b. The Reprtdhcfive Toxicology of Aznmoniura Perfluorooctanoate (AFO) in the ¯ 
Rat. Toxicology i96:95-116.                     - 

Butenhoff et al, 2004c. Characterization of risk of general population exposure to perfluorooetar~.oate. 
Reg Tox and Pharm 39:363-380.                                   J 

Bu[enhoff et al., 2005. Response to letter to the editor. Reg Tox and Pham 42:146-147, 

CA’IT 2002. West Virginia Department of Environmental Protection (DEP), August 2002. Final 
Ammonium Perfluorooctanoate (C8) Assessment of To.xicity Team (CATF) Report. 

Clewell HJ,Tan YM, Andersen ME. Society of Risk.Analysis presentation Dee. 2006. Application of " 

Ph__a~._~_ .~_.ki .n.~ti~.~. _M__ ~!!ng._ t~..~_ _ti_.m.~te..P_F_OA..~p~._m~_.. A.ss. ~!.at..e~.. ~.ith...M. e_~.U .r~d. ~ .Blood         . 
Concentrations in Human Populations. Abstract M2-C.1.                 . 

DeWit JC, CB Copeland and RW Luebke. 2007.Dose-response of perfluorooctanoic acid-induced 
immunomgdulation in adult C57BIJ6 mice. The Toxicologist (submitted for the 2007.Annual SOT 
meeting). 

Ernmett E, et al. 2006a. Community Exposure to Perfluorooctanoate: Relationships between serum 
levels and certain health parameters. JOEM 48(8)771779. 

Emmett E, et al. 2006b. Community Exposure to Perfluorooctanoate: Relation.ships between serum 
concentrations and exposure sources. JOEM 48(8)759-70. 

Fenttn SE, C Lau, EP Hines, JR ThJbodeaux, and SS White. Long=term healtheffe~t~ of PFOA after 
p~enatal and lactationaI exposure in mic~. The Toxicologist (submitted for the 2007 Annual SOT 
meeting). 
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Food Standards Agency (a United Kingdom Government Agency), Committe on ToxicityofChemicals
in Food, Consumer Products and theEnvironment. Second Draft WorkingPaperon the Tolerable Daily
Intake for Peclourooctancic Acid (May 2006).

Food Standards Agency (aUnitedKingdomGoverment Agency), Committee on Toricity of Chemicals
inFood,ConsumerProducts andthe Environment. Minutesofthe July 11, 2006meeting.

Food Standards Agency, Commitee on Tosicity (COT)ofChemicals in Food, Consumer Products and
the Environment. COT Statement on the TolerableDailyIntakeforPerluoroaciancic Acid (November
2006)

‘German MinistryofHealth DrinkingWaterCornmission. Provisional evaluationof PFT in drinking
water with theguide substances perfluorocctancic acid (PFOA) and pefluoroociane sulfonate (PROS) asexamples. July 13,2006. hp:umuebundesamt delobainfo-presse-eintergrond/of-in-rinking:
‘waner.pdf
‘Guruge otal, 2006, Gece Expression Profle in RatLiverTreated With Perfluoroactanoic Acid (PFOA).
Tox Sci 8X1)93-107. .

HendersonWMandMA Smith2007. Pefluorooctanoicacid(PFOA)andPerfhuorononanoicacid (PENA)
in Fetal and Neonatal Mice Following In Utero Expasu to 8-2 Floorotclomer Alcohol (FTO.
Toxicologicsl Sciences S5M52.61.

Hindedlic, PM,E Mylcheest, SA Gannon,JL Bueno,GLKenedyJr. 2005. Perfluorooctanoate:
Placental and octtional transport pharmacokinetics in at. Toxicology211 139-148.

Hindertitretal , 2006. Ageffecton perfluorooctanoaie(PFOA)plasmaconcentrationinpost weaning
atsfollowingoral gavage with ammonium perluorooctanas (APFO) Toxicology225:195-203,

Johansson, N, a, 2006, Neonatalexposuretoperfiuorooctane sulfonate (PROS) and
perflaoooctanoic acid (PFOA) causes derangedbehaviourand increased susceptibilityofthe cholinergic
Systemin aul mice.The Toricologist Abstract # 1458

KarrmanA,Beicson,B vinBavel, PO Damerud,M Aue, AGlynn, Lignelland G Lindsirom.2006.
ExposureofPerluorinatclChemicals throughLacttion LevelsofMatchedHumanMilk andSerum
and a TemporalTrend, 1996 ~2004,in Sweden.EHP OnlineNovember2006.

Kennedy etal. 2004. The Toxicologyof Perfluoooctancat. Critical Reviews in Toxicology 34(4)351-
a.

Kudo N and Y Kawashima 2003. Tosicityand toxicokinetcs of peefiuorooctanoic acid in humass and
animals. The Journalof Tozicological Sciences 28(2)49-57.

Lau, C, JL Butenoff, and JM Rogers. 2004, Th developmental toriciyof ecfluoroalkylacidsand thei
derivatives. Tox Appl Pharm 198:231.241.
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Food Standards Agency (a United Kingdom Government Agency), Committee on Toxicity of Chemicals 
in Food, Consumer Products and.theEnvironment. Second Draft Working Paper on the Tolerable Daily 
Intake for Perflourooctanoic Acid (May 2006). 

.Food Standards Agency (a United Kingdom Government Agency), Committee on Toxicity of Chemicals 
in Food, Consumer Products and the Environment. Minutes of the July 11, 2006 meeting. 

Food Standards Agency, Committee on Toxicity (COT) of Chemicals in Food, Consumer Products and ¯ 
the Environment. COT Statement on the Tolerable Daily Intake for PerfluoroocLanoie Acid (November 
2006). 

German Ministry of Health Drinking Water Commission. Provisional evaluation of PFT in drinking. 
water with the guide substances perflu0rooctanoic acid (PEOA) and perfluorooc.tane sulfonate (PFOS) as 
examples. July 13,7.006. hlapJ/www.umweltbundesamt, de/uba-info-pres~nt~rgrtmd/pft-in-ddnking--.~ 
watelLlxlf 

Guruge et al, 2006..Cretie Expression Profil~ in Rat Liver Treated With-Perfluorooctanoic Acid(PFOA). 
Tox Sci 89(1)93-107. 

Henderson WM and MA Smith 2007. Perfluorooctan0ic acid (PFOA) and Perfluorononanoie acid (PFNA) 
in Fetal and Neonatal Mice Following In Utero Exposure to 8-2 Fluorotelomer Alcohol (FTOH). 
Toxicological Sciences 95(2)452-61. 

Hi~a~r!.i~er, PM, E Mylc.hgecs.t, SA Gaan¢n, .JL B.u.tcnhoff,.QL. Konoe4. y Jr. 2005. P.e~rf!uorooctanoate: 
Placental and lactati0nal transport-pharmacokinetics in rats. Toxicology 211 :. 139-148. 

Hindedite~ et al., 2006. Age effect on perfluorooctanoate (PFOA) plasma cone~, tration in post-weaning 
rats following oral gavage with ammonium.perfluorooetanoate (APFO) Toxicology 225:195-203. 

lohansson, N, et al., 2006~ Neonatal ~xposure to penquorooctane sulfonate (PFOS).’and ’ 
penquorooctanoic acid.(PFOA) causes deranged behaviour and increased susceptibility of the eh01inergic 

system in ~ldult mice. The Toxicologist Abstract # 1458 

Kat,,~an A, I Ericson, B van Bavel, PO Damerud, M Anne, A Olynnr S Lignell and 0, Lindsl~m. 2006. 
Exposure of Perfinoroinateit Chemicals throughLaietation -Levels of Matched Human Milk and Serum 
and a Temporal Trend, 1996 - 2004, in Sweden. EFIP Online November_2006. 

Kennedy et al., 2004. The Toxicology of Perfluorooctanoate. Critical Reviews in Toxicology 34(4):351~ 
383.                         . _      , - 

Kudo N andY Kawashima 2003. Toxicity and’toxicokinetics of perfluoro~tanoie ac_id in humans and 
animals. The lournal of Toxicological Sciences 28(2)49-57.                    .. 

Lau, C, JZ,- But~nlioff, and JM Rdgers.2004. The developmental toxicity of perfluoroalkyl acids and their 
derivatives. Tox Appl Pharm 198:231-241. 
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US. Environmental Protection Agency. November4, 2002 Revised Draft Hazard Assessment of
Pecfluorooctancic Acid and is Sls.
US. Environmental Protection Agency. October 2004. Estnatéd Per Capita Water Ingestion nd Body
‘Weight in the United States An Update. itpepa.govhwatessience/dinking/percapta)
‘US. Environmental Protection Agency. January 4, 2005. Draft Risk Assessmentofthe Potential Human
Health Effects Associated with Exposure o Peflvorocctancic Acid nd Is Salts.
hupivanyepsgovioppUplospfoariskim
US. Environmental Protection Agency. May 2006. SAB Reviewof EPA'sDraft Risk Assssunentofthe
Potential Human Health Efe Associaled with Exposure 0 Perluorooctanoic Acid and ls Sls
itp: cpagovlsabipdflsh06006.pdf
US, Environmental Protection Agency. Nov. 17, 2006. Memorandum to Walker Smith from

ChristopherWeds:Hazard Evaluations and Revised Site-Specific Theshald fo Perfluorooctanoatc
(PFOA ox C5; CAS #335-67-1)in drinking water near the DuPont Washingion Works facility, West
Virginia.
US. Envicamenta Protection Agency. Nov. 20, 2006, SOWA 1431 Consent Order—DuPont
‘Washington Works Fcily.wunw eps.govegiondenforcemen/dupont_osdespdf :
Whit SS, AM Calaft, Z Koklenyk, LT Willanoova, RD Zh, LHelfeot, MJ Siynas, AB Lindsrom,
TR Thibodea,C Wood, ndSEFenton:2007. Gestational PFOA posure of Mices Associated with
‘Alcred MamnisyGlandDevelopment in Dams andFemaleOffspring. Toxicological Science 96(1),
133-144.
‘Wolf, C3, SEFenton, JE Schmid, AM Calaf, Z Kuklenyik, XA Bryan, J Thibodeaur,KPDs, SS
‘Whit, CS Lau, and BD Abbott. 2007. Developmental Toxicityofperfluorooctancic acid (PFOA)in the
‘CD-1 Mouse aferCrossFosterandResriciedGestationalExposures. Toxicological Science 95(2),
62473.
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U.S. Environmental Protection Agency. November 4~ 2002. Revised Draft Hazard Assessment of 
Pertluorooctanoic Acid and Its Salts. 

U.S. Environmental ProteCtion Agency. October 2004. Estimated Per Capita Water Ingestion and Body 
Weight in the United States - An ~Update.:.http://WWW,eOa~gov/waterscienee/drinkinglpe.rcapim. )-. 

U.S. Environmental Protection Agency. January 4, 2005. Draft Risk Assessment of the Potential Human 
Health Effect~ Associated with Exposure t0 Perfluorooctanoic Acid and I!s Salts. 
http:l/www.epa.govtoppt/pfoa/pfoarisk.htm                                  -. 

U.S. Environmental Protection Agency. May 2 .006~ SAB Review of EPA’s Draft Risk Assessment of the 
Potential Human Health Effects Associated with Exposure to Perfluorooctanoic Acid and Its Salts. 
http:llwww.epa.~vlsablodffsab 06 006._~f 

U.S. Environmental Protection Agency. Nov. 17, 2006: Memorandum to Walker Smith from 
Christopher Weis: Hazard Evaluations and Revised Site-Specific Threshold fo~" Peffluorooctanoate 
(PFOA or cg;.CAS #335-67-I) in drinking water near the DuPont Washington Works-faci)ity, West 
Virginia. 

U.S. Environmental Protection Agency. Nov. 20, 2006. SDWA 1431 Consent Order-DuPont 
Washington Works Facility. www.epa.gov/.regi0n03/enforcement/dupont_order.pdf 

White SS, AMCalafat, Z Kukleayik, LT Willanueva, RD Zehr, L Helfant, MJ Strynar, AB Lindstrom, 
JR Thibodeaux, C Wood, and SE Fenton- 2007. Gestafional PFOA Exposure of Mi,’ce is Associated with 
Altered Mammary Gland Development in Dams and Female Offspring. Toxicological Science.96(1), 
133-144. 

Wolf, C], SE Fenlon, JE Schmid, AM Calafat, Z Kuklenyik, XA Bryant, J Thibodeanx, KP Da~, SS - 
White, CS Lau, and BD Abbo~L 2007. Developmental Toxicity of perfluorooctanoic acid (PFOA) in the. 
CD-I Mouse after Cross Foster and Restdcte, drG~tational Exposures. Toxicological Seienc~ 95(2), 
462::473. .................................... 
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Liu, tal. 2005.Phaimacokineticevaluation of pefluorooctanoicacidinthe mouse. Toxicologist (Abstract
#1232)

Lau ta, 2006, Effectof pecuorcoctanoic cid exposure daring pregnancy inthemouse. Toxicological
Sciences S0@)S10-518.

LauC,BAbbot,andDC Wolf. 2007.PerfiuoroocianoicacidandWY14,643 eeatmentinducedpecsisome
proliferation in livers of wild-ype but not PPAR-null mice. The Toricologist (submitted for the 2007
annual SOT meeting). 4

Lovelessetal,2006,Comparative responsesofratsandmiceexposed (© lneacfbranched,linear,or
branched ammonium perflorooctanaate (APFO). Toxicology 220: 203-211.

Luebkeeta,2006, Evaluion of perfluoroocianoic acid immunotoricity in adult mice: Toxicologist
(Absicact #255).
New Jersey Depastmentof Environments) Protection.2006 Draft preliminary Health-basedGuidancefor
PFOA inDrinking Water at Pennsgrove Water Supply Company.
Ohmori , N Kudo, K Kalayama, ¥ Kawashima. 2005. Comparison of the toxicokinetcs between
perfiorocarboxylic acids with different carbon chain ength. Toxicology 184:135-140.
Olsen et al, 2003. PerfluorooctanesulfonaeandOther Fluorochemicalsi the Serum of American Red
Cross Adult Blood Donors. Environ Health Perspec 111:1892-1901.
Olsenet al, 2004. QuanitativeEvaluation ofPefluorooctunesulfonate(PFOS) and Other Fluorochemicals
intheSerumofChildren. Journal of Childrea's Health 2:53.76.

Olsen ct l, 2005. Evaluation of the hal.ife (112)of elimination of peflooroectancsulfonate (PFOS).
perfluorohexanceulfonste. (PFS) and perfloorooctanoate. (PFOA) from human serum. FLUOROS:
Intemational Symposiumon FluorinatedAlky Organics intheEnvironment, TOXOL7.

RosenMB, BD Abbott,JRSchmid,RD Zehs, KPDas, CJ Wolfand CLau.2007.Geneprofilinginwild
ypeand PPAR nullmice exposed toPROA.TheTaxicologis (submited for the 2007 Annual SOT
meting)
Saks,C;RLeonard,MCullen.2006, Twenty-fiveyear longitudinalstudyofserum otal cholesterol elted
10.2 serum biomarkerof exposure (serum perfluorooctanoate or PFOA) i a polymer production plant

Presentation at the AmericanOccupational HealthConference,May2006.

‘TakacsMLand BD Abbol. 2007. Activation ofMouseandHuman Peroxisome Prolifertor-Activited
Receptors (a, 5) byPerfluorooctancicAcidand PecfuorooctaneSulfonateToxicologicalSciences95(1),
108-117. :
“Thayer, K. 2002.Enviroementa WorkingGroup: Perluoinsicdchemicals: Justification frinclusion ofthis
chemical class in the national report on buman exposure to. environmental chemical.

hfewgorgleporispfeworpdEWG CDCpdf
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LAu, et al. 2005. Phannacoldrtet~c evaltmtion of perflu, orooctanoic acid in the mouse,Toxicologist (Abstract 

#1232) 

Lau et al, 2006. Effects of perfluor0octanoie acid, exposure du.dng pregnancy in the mouse. Toxicological 
Sciences 90(2)510~518. -      "     ’       ’ ’        "       "      ’    "    ’ 

Lau C, B Abbott, and DC Wolf. 2007. Perfluorooctanoie acid and WY 14,643 treatment induced peroxisome. 
proliferation in livers of wild-type but not PPARa-null mice. The Toxicologist (submitted for the 2007 
mmmd SOT meeting).              ¯ 

Loveless et al., ~2006: Comparative responses of rats and mieeexposed to linear/branched, linear, or 
branched ammonium perfluorooctanoate (APFO~. Toxicology 220: 203-217. 

Luebke et all, 2006. Evaluation of perfluor0octanoic acid immunotoxicity in adult mice: ToxicoJ0gist 
(Absttaet # 255). 

New Jersey Department of Environmental Protection. 2006 Draft preliminary Health-based Guidance for 
PFOA in Drilaking Water at Pennsgrove Water Supply Company. 

Ohmori K, N Kudo, K Katayama, Y Kaw~shima.. 2003. Comparison of the toxicokineties between 
perfldorocarboxylic adds with different carbon chain length. To:~icology 184:135,140. 

Olsen et al., 2003. Perfluorooctanesuffonate and Other Fluoro~hemicals in the Serum of American Red 

Olsen et al., 2004. Quantitative Evaluation ofPerfluorooctm’~esulfonate (PFOS) and Other Flu0roehemieals 
in the Serum of Children, Journal of Children’s Health 2:53-76. 

Olsen et aI, 2005. Evaluation ofthe.half-life (fl/2) of elimination of perfluorooctanesulfonate (PFOS), 
perfluorohexanesulfonate (PFHS) and perfluoroocttmoate (PFOA) from human serum. FLUOROS: 
International Symposium on Fluorinated Alky Organics in the Environment, TOX017. 

Rosen biB, BD Abbott, JR Schmid, RD Zehr, KP Das, CJ Wolf and t2 Lau. 2007. Gene profiling in wild 
type and PPARa null mice .exposed to PFOA. The ToMcologist (submitted for the 2007 Annual SOT 
meeting).. 

S.akr, C~.R Leonard, M Cullen. 2006. Twenty-five year longitudinal study of serum toni cholesterol related 
to a ~erum biomarker of exposure (serum perfluorooetan0ate or PFOA) in a polymer production plant, 
Presentation at the-American.Occupational Health Conference, May 2006. 

Takaca ML mad BD Abbot. 2007.Activation of Mouse and Human Peroxisome Proliferator-Activfited 
Receptors (a, ~!fi, ¥) by Peffluorooctanoic Acid and Perfluorooctane SulfonateToxicolo.gi~,al ScienCes 95(1)~ 
108-117.                        , 

Thayer, K. 2002, Environmental Working Group: Perfluorinated chemicals: Justification fo~inclusion of this 
chemical class in the national report on human exposure to environmental chemicals. 
ht tp:llwww.ew g.org/mp0rts/pfeworld/pdf/EWG_CDC.odf 
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Memo 
Date:¯ 

To: 

From: 

Phone: 

Subjec.t: 

November 20, 2002 

Douglas Wetzstein 
Dave Douglas 

Helen Goeden, ilealth Risk A~sessment Unit ’ 

(65 l) 2 ] 5-08.7,t 

Response to.Request for Health Based Values and interim Soil Reference Values 

This merfiorandum is in response to a request by the Minnesota Pollution Control AgencY (08/21/02) 
for Health B .ased Values (HBV.s) and interim Soil Reference Values (SRVs) for perfluorooctanoic ’ . 
acid (PFOA) and perfluorooctane stilfonate (PFOS)..                                   . ~. 

There is limited published informhtion on the toxicity of PFOA and PFOS.- The MDH relied heavily . 

¯ on readily available toxicity summary information provided by 3M, EPA and the West Virginia 
Department ofEngironmental Protectiono- After reviewing this information the MDH modified-the . 
RID and RfC values proposed by 3M.                      :                             ’ " 

¯ Health Based Values (HBVs) 
Chemical    CAS # 

PF~)A 3825-26-1 
PFOS 2795-39-3/ 
." 1763-23-1 " " 

Endpoint RID HBV 
(mg/k~d) ~g/L 

Liver 0.001 7 
Liver " 0.0002’ ] - 

Soil Reference.Values (SRVs) 
Chemical " ’ CAS# " - Endpoint ’ 

P.FOA 3825-26-1 Liver 
PFOS 2795~39-3/ Liver 

1763-23- t 

RID RfC Residential ’Industrial 
(mg/kg/d) - (mg/m~) SRV (m~/kg) SRV L~gO~. 

0.001 2E-5 30 200 
0.0002 2E-5 i5 . ¯ 40 

’Toxicity Value Sources: See Attachment II. 

Based on information curr~tly available we feel that the above values will provide an adequaie level’ofprotecti.on 
from ~xposure to PFOA and PFOS in drinking water and direct exposure to PFOAor PFOS in soil; h0w.ever, thehi " 

is a degree of uncertainty associated with the HBVs and SRVs,.and they should be considered pr6visional. The 
above criteria do not address impactsto groundv~ater as a result of soil leaching., food chain impa.’c, ts or ec.ological . 
impa~ts~ 

Please note that Carcinogenicity studiesin the rat have shown PFOA and PFOS to be potentiMly carcinogenic. However, 

at this time the available data are not sufficient to determine relevance to humans or for development of cancer potency " 
valu~is. 

¯ . Environmental Health Division ¯ 121 E. 7~ Place, P.O. Box 64975, St. Paul, M]’¢, 55164-0975 - (651) 215-0700 
htto:!/www.health.state.ma.us 
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“Thedata ils thedervtionoftheHRV spiovided in Atachment |. Sanda asurptionsof 70 klogam -
personwith dink watcr ingestion te of 2 Hers perday,and arelive source contributionof 20 percentwereused
10calle these values.
MDH i in the procesofrevising is Health Rik Liit or groundwater. The MDIFlyto recommendhet

the standardssumprions of 70Klogramsand 2Tes/dybereplacedby abody weight andan inskertemore
appropineforchilden. (hi recommendstiois acceptedand promias le, HBVswould ikelydecesceby
afacorof 3104.
“Thedatauilized in thederivationofthe SRVis providedin Attachment I.Thedefault exposure scensicsand target
isk valves presen in the MPCA's Drak Guidelines for the Soib-Homan Heald Pathway, Technical Suppart

Document (Working Dra January 1999)wer lized 0calulte these values.
“The MDH authority to prommalgae heli isiisundetheGroundwaie Proccion Acti mic 0situstions‘where degradation has sineady occured. Simibry, the HBS snd SRV provided are mended to serve s interim
advice issued for specific sits where 3 conlaminan ha been detected. As such, neither the HBV nor SRV are
develope fo he purposeof providing an upperlo deggadation.

cc: Lary Gust, MDH : .
Ase Kukowsks, MDH,
Jim Kel, MDH
‘Gerry Smith, MDH

~ Shelley Burman, MPCA.
Luke Charpentier, MPCA +
Mary Dymond, MICA
Laura Solem, MFCA

© Michael Samora, M
Joho ButeabolT, 3M

Environmental Heal Diison + 121 E.7 Pac, P.O. Box 4975, 5. Paul, MIN, SS164.0975 + (51) 2150700 t
ipsohea ste ns
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The data utflized,in_ the,derivation of the/-Ii3¥s is piovided’in Attachment I. Staiadard assumptions of a 70 kilogram 

. persoti witha d~kiiig wateringestion rate of 2 liters per d~y, an~l a relative source cgntribution o f 20 percent wer~ u~ed 
to calculate these values. 

. IVI~H is in the pr~x:e~s ofrevi,ing.it~ Health-Risk Limits for groundwater rule. The MDH is likely tO recommend that 

the standard assumptions, of 70 kilograms and 2 liter’/day be replaced by a .body weight and an intake rate more 
appropriate for children, Ifth!s recommendation is accepted and promulgated as rule, H~Vs would likely decrease 
a factor.of3 to 4.                                             - 

The data utilized in the derivation of the SRVs is provided in Attachment IL The default exposure scenarios and target 

risk value~ presented in the MPCA’s Draft Guidelines for thi:~ Soil-Human Health Pathway, Technical Support’ 
Doctimeat (Working l~aft, January 1999) were utilized to calculate these values. 

The MDH’s authority to promulgate I~ealth risk limits under the Grouadwafer Protection Act is ]trotted to situati0nz 
where degradation has already occurred. Similarly, the I-[BVs and SRVs p~’gvided are inlended to’serve as interim 
advice issued for spdcJfic sit.es wh~r¢ a contaminant has bOz~n detected. As such, neither the I-[BVs nor SRVs are 
developed for the purpose of providing an upper Iirait for degradat.ion. 

co: Larry Gust, MDH 
Anne Kukowski, MDH. 

¯ .Jim Kelly, MDH 
Gerry Smith, MDH 
Shelley Barman; MPCA 
Luke Charpentier, MPCA 

-.Mary Dymond, MPCA 

Laura Salem; MFCA, 
19~lichael Sant6ror 3M 
John Butenhoff, 3M 

Environmental Health Division ¯ 121 E. 7~ Place, P.O. Box 64975, St pau, I, MN, 55164-0975 - (65 I) 215-0700 
htrp://~,’w~.heahli.state.nm.us 

2145.0020 

STATE_02338910 



ATTACHMENT I
DATA FOR DERIVATIONOF GROUND WATER HEALTH BASED VALUE (WY)

CompoundName: Perluoronctanoate (PFOA)
cast: 3825.26-1 (Oct 16, 2002person) communication with Dr. John Buicoholf, 3M)
LOAEL ingestion): 3 mekgiday
UncenFactor: 3000(3 - interspecies; 10 inmaspecies;10subchronic to-chronic 10

LOAEL 1o-NOAEL)
Modifying Factor: 1

RID®: 0001 mgkgiday
Heath effect Liver
RelativeSourceContribution (RSC): 20%

OnlSlope Factor: NA
Applied Fisk Level: © NA

HOY =(RID.mphald) (RSC 1000 ging)Ina Kae (2 L per day/T0 kg)
= (0.00) mefkef) 02) 0000 gine) = Twp

0029 Ligia

© DataSource
1." EPA Revised Draft Hazard Assssmet of Prfluoroactanoic Acid and ts Sals (Nov 4, 2002);
2. EPA Draft Hazard Assessment of Perfluorooctanoic Acid sad Is Salts (Feb 2002);3. 3M Lifetime Drinking Water Health Advisory for Perfiuorooctane sulfonate (April 2002);
4. 3M Soil ScxeeningGuidelines for PFOS (May 2002)
5. Subchronic Toxicity Studies on Peruorooctancsulfonste Potassium Slt in Cynomolus Moakeys.

Seacat tal. Toxciological Sciences 68249.264, 2002; and
6. 3M Soil Screening Guidelines for PFOA (March 2002).

« arcinogeicity sie nthe st ave shown PFOAtobe carcinogenic. However, otis imetheavailabedatasre
not suficientfo 4 quantitative asscspent. Reproduce and developmental effets, based on studies in ats and

rabbis,oceur evel higher tha doses causing ve oiciy. However,dc 01apd lyimasionin femaleas(serum
Hale of | day) iunleat0htdegre he fetusesand neonates wereexposed. Ovariantubular hyperplasiahss

alsobeen observed in ferle rts at dosesa ow a 1.6mgkyd(note: 4 NOAEL ws nt Getcmined fr this cfect
since effects were observed st the lowest das evaustd). Worn do nt appar fo have he sae activ secretory
mechanism tht exes n the female a.

Enviroment Division « 121 B.7 lace,O.Box 64975, 1.Fa,MN, SS164.097 « 651) 215-0700
: hwbell ste us wy

STATE_02338911

2145.0021

ATTACHMENT I 

DATA FOR DERIVATION OF GROUND WATER HEALTH BASED VALUE,(E[BV) 

¯ Compound Name: 

CAS #: 

LOAEL (ingestion): 
Uncertainty Factor: 

Modifying Factor: 

RfD*: 

Perfluorooctanoate (PFOA) 

3825-26-1 (Oct. 16, 2002 personal communication with E~r. John But’enhoff, 3M) 

3 mg/kg/day 

’ 3000 (3 - inter~pveies; 10 - inlraspecies; I0 subchro~ic-to-chronic;r 10 

LOAEL-to-NOAEL) 

¯ 0.001’ mg/kg/day 

Health effect: Liver 

Relative Source Contribution (RSC): 20% 

Oral Slope Factor.-" NA 
Applied Risk Level: NA 

HBV = (RfD. mg/k~/d).(RSC) (1000 ~t~m~) 

Intake Rate (2 L per day/70 kg) 

= (0.001 m~kz/d) (0.2) (lbO0 tt~m~) = 7 pg/L 

0,029 L/kg/d 

Data Source~: " 

1. EPA Revised Draft Hazard Assessment of Pcrfluorooctanoi~ Acid and Its Salts (Nov 4, 2002); 

2. EPA Draft Haxard Assessment of Perfluorooctat~oic Acid and Its Salts (Feb 2002); 

3. 3M Lifetime Drinking Water Health Advisory for Perfluorooctane Sul fonate (April 2002); - 

4. 3M Soil Screening Guidelines for PFOS (May 2002); 

5. Subchronic Toxicity Studies on Perflu.orooctanesutfonate Potassium Salt in Cynomolgus Monkeys. 

Seacat et al,, Toxciological Sciences 68:249-264, 2002; .and 

6. 3MSoil Scree~fingGuidelines for PFOA (March 2002).. 

* CarcinogeBicity studies in the rat have shown PFOA to be carcinogenic. However, at this time the available data are 

not sufficient for a quantitative assess~aent. Reproductive and developmental effects, based on studies in ratsand 

rabbits, occur at levelshigher than doses causing liver toxicity. However, due to rapid elimination in female rats (serum 

half-life of ! day) it is uncle~ to what degree the fetuses and neonates were exposed. Ovarian tubular hyperpla~a has 

~lso been observed in fe~aale rats at dos~ as low as 1.6 mgtkg,/d (noie: a NOAEU wa~ not detei:mined for this effect 

since effedts were observed at ttie lowest dose evaluated). Women. do not appear to have the same active secretory 

mechanism that exists in the f~male rat. 

Envirorunental Healtfi Division ¯ 121 E. 7~ Place, P.O. Box 64975, St. Paul; lVIN, 55164-0975 ¯ (651) 215-0700 

h.ttp://www.hea!th.state.nm.us          ~       3 
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CompoundName: Pesfusronctancsulfonte (FFOS)
cash: 2795-39-3 (potassium salt)

1763-23-1 ire sal)
(00.16, 2002pes) communicationwithD. Joh Buteshoff, 3M)

LONEL (ngeion: 015menkpiinyUncenainyFactor: 1000.0-ierspecies 10 inspec; 10sbclenic-o-chroic:JLOAELto
KOAEL)

Moding Facor: 1
Rip 00002 mpigiany
Hest ft Liver
Reluive Source Cotrivetion (RSC) 10%
OniSipeFactor: NA
AppliedRsk Level. NA .

HOY (RID.ee)RSC)(1000ui)nto Rat (2 Lprdey/70kp)
= (00002eg 02 100 fs) = 1p0629 Chgis

Dat Sources:I EPA Hazad Asscsment nd BoningDat on PcfluroctanSufonte  PFOS (ly 2000);
2) 30 Liftime Drinking Wc HeathAdvis foxPefluooctan sulfone (Apri 2000,
3) 3M SoilSrcingGuidelinesforPFOS (May 2002)3 Subsonic Toxicy Studiean PrfloroocaneslfomtePts SaltsCynomlgusMonkeys. Sacca

a,Toncolgicl Sciences 65249.264,2002, nd ?
5) 304 Comments on IntrspcicsUncertainRisk Assent fo PFOS.

© “Cuioogmiciy sic in hr ave show PROS 1 becscnogenc. However his ime th sve dota re
nol sufficient for quanta sscssncrt Reproducive snd development] eles, bis on studi in 3 nd
Fabs,occu at evel ighr han doses causing ne0c

DePepsedorMoe: Noverhr 14,2002
Prepared by: H.Gosden

EavionmentalHesthDivision + 121 67% Pisce, P.O.Dox 64975, St.Pal,MN, SSIG4-0975» 651)215.0700epi esth i ne 4

STATE 02338912
2145.0022

i~OAEL (ingeation): 

Uncertainty Factor: 

Modi fying Factor: 

Perflu-oi’ooct anesulfouat~ (PFOS) ., " 

2795-39-3 (potassium salt) . 

1763-.23-1 (free salt) 
(Oct. 16, 2002 personal commuriieation with Dr. John 13uterth~ff, 31v0 

0.15 mg/kg/day 
1000 (3 - interspecies; 10 - intraspecies; 10 subchronic-to-chronie; 3 LOAEL-to- 

NOAEL)                                    . 
1 
0.0002 mg/kg/day 

Health effect: Liver 

Relative Source Contribution (RSC): 20% 

Oral Slope Factor: NA 

Applied Risk Level: .NA 

HBV (Rfn,-me_ikeJd~ CR8C3 0ooo ,~4~) 
Intake Rate (2L per day/70 kg) 

(0.0002 m~k~_.]d) (0.2k(lO_OO~Jmg} = 1 pg/L 
0.029 L/kgtd 

Data Sources:                                                                       " ’ 

I) EPA Hazard Assessment and Biomoniloring Data on Perfluorooctane Sulfonate - PFOS (July 2000); 

2) 3M Lifetime Drinking Water Health Advisory for Perfluoro~ct~ne ~ulfonate (April 2002); .’ 

.3) 3M Soil Screening Guidelines for PFOS (l~lay 2002); 

- 4) Subchronic Toxicity Studieson Perf/uorooctanesulfonatePotassium. Salt in C’ynomolgus Monkeys. Seacat el 

. al., Toxciological Sciences 68:249-2(>4, 2002; and 

5) 3M Comments on Imerspecies Uncertainty in Ri~k Assessment for.PFOS. 

*Car~inogenicity studies in the rat have shown PFOS to be carcinogenic. However, al this time the a~;ailable dam are 

noi sufficient for a quantitatwe assessmeiit, Reproductive and developmenial effe~ts, based "on "studies in rats and 

rabbits, occur at levels higher than doses causing liver toxicity.. 

Date (Prepared or Modified): November 14, 2002 

Prepared by:. H. Goeden 

Environmental Health Division * 121 E. Tn Ptace, P-O. Box 64975, St. Paul, MN, 55164-0975 o (651 ) 215-0700 
httg://www.health.state.mn.us                 4 
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ATTACHMENT I

DATA FOR DERIVATIONOF SOILREFERENCE VALUE (SRV)
Compound Name: Peruoroactanoate (PFOA)
cas: 3825.26-1 (Oct 16, 202 peszonl cormicaton with Dr. John Buteshof, 34)

LOAEL (gestion): 3 mekgiday
Uncertainty Factor: 3000- iierspeces;10 nraspecies; 10subehroic-o conic 10

LOAEL10NOAEL)
Modtyng Fac: 1

RD” 0001 mykpny
Rice WS mgm’
Dems Absorpion: 10% (MPCA Default fo argasic compotads)
Hest effect: Liver
Hara Quotient: 02 (MPCA target risk va)
Onl Slope Factor: NA
Inhalation Unit Rick: + NA
Residenisl SRV: 30 mk
Industrial SRV: 200 mike,

Daa Sources:
1)" EPA Revised Draft Hazard Assessmentof Perfluoroociaoie Acid arid Is Sats (Nov 4, 2002);
2) EPA Draft Hazard AsscsementofPeellvorooetanoic Acid and ItSalts (Feb 2002):
3) 3M Lifetime Drinking Water Hells Advisory for Perfluorooctane sulfonate (Apel 2002),
3) 3M Soil Screening Guidelines for PROS (May 2002);
5) Subchronio Toxicity Studies on Perflucrcoctanesulfonate PoassiumSatinCynomolgus Morleys.

Seaca tal. Toxciological Sciences 63249. 261, 2002; and ‘
6) 3M Soil Screening Guidelines {or PFOA (March 2002),

* Carcinogenicity studies in he rt have shown PFOA tobe carcinagenic. However,a is me the available daa
arc sufficient for  quintiaiv ascssmeat. Reproduciv anddevelopmental fects, biscd on dics in rots
andrabbis,occur t levee highs thadosescausing iver ovat. However,do 10 apd cimanton 1 fomale
ts serum NAIF of | day) i uncle fo hat enche fetus snd neonateswere exposed. Ovarian nla
hyperplasiahsssobeenobservedinfemale a at doses a low as 1.6 mg/d(ne:sNOAELwas ot
detenmine fo this ffctsince eftwereobserved tthe lowestdos evaluated). Womendonot appar fo have
hesameactivesecretory mechani thaeit nthe femaleFt. >
** Ther is insulicient infos on he tsicaogical cTctsofPFOA following nlation exposure. PFOA is.
not considered tobe3volatile chemical andthelrthe alin expose pathway is ancipatedob minor
pathway. 3M hasugested 3 RICof 2.5 mp bad on ener exposure guidelinefo chemicals foundfo be
Caringgeni inanimals but with known eevance tohumans. TheCATTreportpencrtedaRICof LIES
mg/m Tn heshe ofinformation he provisionalRIC sggesied by 3M willbeiid forthe development of -
an erinSoil Reference Value

s

STATE_02338913
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Compoun4 Name: 

CAS #: 

ATTACHMENT iI 

DATA FOR DERIVATION OF SOIL REFERENCE VALUE (SRV) . 

Perfluorooctaaoate (PFOA) 
’ 3825-26-1 (Oct. 16, 2002 personal commanication wi~ Dr. John Butenhoff, 

LOAEL 

Uncertainly Facto~ 

Modifying Factor: 
P...I~*: 

D~nnal Absorption: 

Health effect: 
Hazard Quotient: 

3 mg/kg/day 
3000 (3 - interspecies; 10-.intr~pecies; I 0’subchronic-to-chronic; 1O 

LOAEL-to-NOAEL) 

0.001 mg/kg/day 
2E-5 mg/m~ 

10% 0VIPCA Default for organic compounds) 

Liver- 

0.2 (MPCA target risk value) 

Oral Slope Factor: NA 
’Inhalation Unit Risk: NA’ 

Residential SRV: 30 mgtkg 

lndus~al SRV: 200 mg/kg 

Data Source:                             - 
I) EPA Revised Draft Hazard Asst~ssment of Perfluorooc~hoic Acid and Its Salts (Nqv 4, 2002); 

’2) EP~ Draft Hazard Assessment of Perfluorooctanoic Acid and Its Salts (Feb 2002); . 
3) 3M Lifetmae Drinking.Water Health Advisory for Perfluorooctane sutfonate (April 2002}; 

4) 3M Soil Screening Guideliaes for PFOS (May 2002); 

5) Subchronio Toxic.ity Studies ouPertluorooctanesulfonate Potassium Salt in Cynomolgus Monkeys. 
Seacat et al., Toxcio!ogical Sciences 68:249-264, 2002; and          , . 

¯ 6), 3M Soil Screening Guidelines for PFOA (March 2002). 

* Carcinogenicity stud~ieS in the rat have shown PFOA to be carcinogenic. Howe~,er, al this time the available data 
are.not sufficienl for a quantitalive asscssmcnl. Reproductive and developmental effects, based on sludies in rats 
and rabbits, occur at levels higlaer than doses causing liver toxicity. However;due to rapid elimination in" female 
rats (serum half-life of l-day) it.i~ unclear to what degree.the fetuses and neonates "were exposed. Ovarian tubular ~ 
hyperp[asia has also been.observed in female rats at doses ~ low as 1.tmg/kg/d (note: a NOAEL was nbt 
determined for this.effect since effects were observed at the lowest dose evaluated). Women do not appear to ha~e 

the same a~ive secretory mecfianism that exists in the female rat.              ~ .. 

** There is insuffioent.iuformation on the toxicological effects of PFOA following inhalation exposure. PFOA is. 
.not considered to be a volatile chemical and iherefore the inhalation exposure pathway is anticipated to be a minor 
path~vaY. 3M has suggested a P3U of 2E-5 mg/m~ based on a generic exposure guideline~for chemicals found to be 
~arcinogeni~ in animals but with unknown relevance to humans. The CA’IT report generated a Ra~ of 1. IE-3 
rgg/m~_ In t,he absence of information the provisional R_fC suggested by 3M will be utilized for the development of 
an interim Soil Reference Value. 
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CompoundName: Peruorooctanesulfonate(PFO) .
cas 2795-39-3 (potassium salt)

. 1763-23-1 (ree sal)
(06.16, 2002 personal communication wthDr. JobaButchoff 3M)

LOAEL (ingestion): 0.15mykelday
Uncersnty Factor: 1000 (3 interspecies; 10 naspecies; 10subchionict0-<hronic;3LOABL 40-NOAFL)Modifying Factor: 1
RD" 00002mpkgiday
Rice: 5my’
Dermal Absorption: 10% (MPCA Default fororganiccompounds)
Health effect Liver -

HazardQuien: 02(MPCAtarget riskvalue)
OniSipe Facer: NA

InkolationUnitRisk: NA

Residential SRV: 6mh
TndusialSRY: 40 mike

Das Sours:
Dat Sources:
1) EPAHuasd Assesmentand BiomonioringDataon Prflucroccane Slfonste  PFOS (July2000);
2), IMLifetimeDrinking WaterHeshthAdviryfo Peflcrooctan sulfonate (April 2002;
3) 3MSoil SrceningGuidelines for PROS(May 2002),4). Subchvonic TonicityStudies om PerfluorooctancsufonatePotassiumSlt in CymomolgsMonkeys:Seactef

ol, Toscilogicl Sciences 68:249-264, 2002; and
5) 3M Commentson especiesUncertainty inRickAssessment for PFOS.

“Carcinogenicity sudicinthe at have shosen PFOS tobe carcinogenic. However,tistne the available dasic
not sufficient for3 quantitative assessment. Reproductive and developmental fects, basedon studiesnras and
rabbits, occara vel higher handosecausing liver (oxic.
#*There js inulficintinformation onthetoxicological ffcts of PROSfollowinginhaliinexposure. PROSisnot
‘consideredtobeavolatilechemical andtherefore the mhalaton exposurepallwayis lcipated to be aminoratbvay.
3M suggested aRCs of26.4 and2.5 e/a’fo PFOS and PFOA,respectively. Thevalue fo PFO wasbased on
agenericexposureiden forchemicalsfound obecacinogenicinanimalsbutwilhunknown elevance tohumans
PROS appearstobecarcinogen nabat it motclea whether sugested mechanism ofaction i levani o humans.
Intheabsenceofinformation the provisionalRCfor PFOA (2E-5 myn) suggested by 3M will b wiizedforthe {
development of a inter Sil Reference Value for PFOS 3 well.

Date (repareitonModif):November14,2000
Prspascdby. 1. Gosden

6 i

|
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Compound Name: 

CAS #: 

’ LOAEL (ingestion): 

Un.certain~ Factor: 

Modifying Factor: 

Dermal Absorption: 

Health effect: 

Periluorooetanesulfonate (PFOS) 
.2795-39-3 (potassium salt) 

1763-23-1 (free salt) 
(Oct. ,16, 2002 personal corrmaunieation with Dr. John But~ahoff,. 3M) 

0.15 mg/kg]day                                                            . . 
1000 (3 : interspecids; IO- intraspecies; 10 subchronic-to-chronic; 3 LOAEL~to-NOAEL) 
1 , 
0.0002. mg/kg/day ’ 

2E-5 mg/ma 

10% (MPCA Default for organic comp~uuds) 

Liver 

Hazard Quotient:       0.2 (MPCA target risk value) 
? 

Oral Slope Factor: NA ..- 
Inhalation Unit Risk: NA 

Residehtial SRV: 6 mg/kg 
Industrial SRV: 40 mg/kg 

¯ Data Sources: 
Data Sources: " 

l) EPA Hazard Assessment and Biomonitoring Data on Perfluerooctane Sulfonate -.PFOS (July 2000); 
2). 3M Lifetime DrinkingWater Health Advisory for Perfluorooctane sulfonate (April 2002); 
3) 3M Soil Screening Guidelines fo~ PFOS (May2002); ¯ 
4) Subchronic Toxicity Studies on Perfluorooclanesulfonate Paras:sturn Salt in Cynomolgus MonkEys: Seacat et 

al., Toxeiological S.~ienees.6g:249-’264, 2002; and 
5) 3M Comments on Interspecies Ur~eertainty in Risk Assessment for PFOS. 

.*Carcinogetdcity studies in the rat have shown PI:OS to be carcinogenic. However, at this time the available data ate 
not sufficient for a quantitative assessme.nto Reproductiv~ and developmental effe~ts,based on studies in rats and 
rabbits, occur at levels higher than doses.causing liver toxicity. 

**Ther~’is inaufficierit information on" the toxicological effects of PFOS following inhalation Exposure. PFOS is not 
considered to be a volatile chemica! and there_fore the inhalation expQsurc pathway is anticipated to be a minor pathway. 

3M suggested a RfCs of 2E-~ and 2E25 mgi’m~ for PFOS and PFOA, respectively. The value for PFOA was based on 
.a generic exposure gdidel~ne for chemicals found to be carcinogenic in animals but with unkno~’n re|ev~mce tO humans_ 

¯ PFOS,~ppears to be.carcinogenic in.rats but it is not clear whether suggested mechanism of action is relevant to humans. 
’In the absence Of information the provisional. P,.fC for PFOA (2E-5 mg!m~) suggested’by 3M will be utilized for the 
development of an interim Soil Reference Value for PFOS as well. 

Daie (Prepared or Modified): November t4, 2002 
P~epa~ed by: 1t. Goeden ’ 

2145.0024 

STATE_02338914 


