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James Kelly, Manager, Environme:ntai Assessment and Surveillance Section 

C~b 
Sarah Johnson, Supervisor., Health Risk Assessment Unit 

Nancy Ric~ealth Risk Assessment Unit 

Hea~th-gased Values for Perf!uo~’ooctane Suifona~e 

CAS: &763~23~ (acid) 
290g:1-56-9 (a mmon iu m salt) 

70225~Z4~g (die{hanolamine salt) 

~795~39~3 (potasSium salt) 

Since 2002, staff have completed several evaluations of perfluorooctane sulfonate (PFOS}, A chronic 

nomcamcer Heaith~Based Value (HBV)of 1 ~g/L was first derived by Minnesota Department of Health 

(MDH) in 2002 a~er pe~uorochem[ca:ls were found in ddnMng water in several locations in 
MJnnesata~ This va]lue was updated to 0,3 #BiL in 2007 when more toxicological information was 

avai~labJe, in 2009, th~ value ~f 0.3 #g/L was adopted ~nt@ rule. When the U.S, Environmental 

Protection Agency (EPA) began a review of PFOS, MDH committed to another review of the HBV v:ahte 

after EPA provided the results of ~ts review~ The EPA ann~uncecl a Health Advisory Va~ue of 0.07 #g/L 

20~6 and MDH then began reviewing ~ts 2009 guidance for PFOS to determine ~fthe ~uidanCe values 

remained suffidently protective, 

PFOS is h!~hly bioacc:umulative in the serum, with a human halfqife of abo~oit 5.4 years, During the 

20~6/20117 review, MDH determined that se~um concentration was the most: appropriase dose metric, 

and that the cur~centraiion of PFOS in ,drinking water must be kept below levels that could result in 

serum concentrations of concern. Furt:her, MDH concluded that protecting against h~gh, short--term 

exposures tha~ formula-fed a~d b~east~fed ~n~ants experience is important, ~n addition to protecting 

against tong4:erm exposures. Given these cons~deratiens~ the standard MDH equation used for derivi~g 

healtMbased guidance was not adequate, and MDH developed a toxicoMnetic mode! to assess the 

effeG of P~OS concentrations ~n drinking water on serum concentration. 

The Contaminants of Emerging Concern (CEC)program completed the review. Helen Goeder~ 

completed the primary review and Jim Jacobus completed the secondary review, An interim team 

review was held on August 30, 2026, and the final team review was held on April 20, 2017~ PFOS ~:s the 

fi~h chemical review completed ff~ FY20$7 by the CEC program, and the ~2th completed by the CEC 

#~o~ram in the 20&6/20~7 b~enn~um, 
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PFOS bioaccureulates within the body, crosses the [~acenta, and partitions to breastmilL Short-term 

e~osure~ h~ve the pote~t~a~ to stay ~n the body for an e~t~nd~d period of time, Therefore a single 

HBV has been recommeBded for shomterm, subchroniq and chronk duration, Staff recommend the 

foliow~ng home,ricer Health~Based Values (HBVs] for a~l duratbns: 

subchronic (up to a~prox:~mately 8 yea~s); and chronic (l~fet~me) exposure. 

The following HBVs have been derived for PFOS: 

1763-23-1 (acid) 
29081@6@ {ammonM;~ salt) 
70225444 (diethanolamine salt) P~OS Acute 

~ Z795~39-3 {petassium salt) 

~ 29457q2~5 (litNum salt 
................................................................................................................................................................................................................................................................................................................... 

Sho~4erm 
Developmer, t~l, 

Hepatic (Liver) 
0.027 Subchronic system, ~mmune 

Chto~ic system, Thyroid (E} 

... A .... 
NA ~ Not 

The updated PFOS guidance values and the attached summary documentation will be added to the 

Human Heakh~Based Water Guidance table on MDH’s website, The Guidance Implementation Team 

members, which include representatives from Minnesota Department of Agriculture, Minnesota 

PoIlution Control Age~scy, MDH Ddnki~g Water Protection and other MDH programs will be informed 

about the new values in an upcoming meeting. A GovDelivew message announcing the finalized values 

wil be sent when the updated information is added to the MDH webs~te. 

Your sisnatu~e, indicating that you have reviewed and approved this value, is requested. 

Date: 

Attachment: Toxicological 5ummaq for 
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Health £ased Guldance ~or Water 
Heatth Risk Assessment Unit, Environmental Hea!th Div(sie,n 

65~..201~4899 

Web Pubticatior~ Date: May 2017 

To×ico!ogical Summary for: Perfluorooctane Sulfor ate 
CAS: i763-234 (a~id) 

[Note: #effluorooctanoate anio# does not have a specific CAS number,:] 
Synoriyms: PFOS, Perfluorooctane sulfomic ~c~d 

"D~e ~o the highly bioaccumu|ative nature of PFO8 and human halfqife of nearly 5.4 years serum concerti:rations 
are the most appropriate dose metric and the standard equa:tioa to dedve the HBV was not appropriate, Short~ 
~,erm exposures have the uotential to s~ay r~ the body for a~ extended period of time Therefore a single HBV has 
3een recommended for short-,term, subchronie and chro#ic duration& The 2017 HBV was derived using a 
toxicokir~etic (TK) model devetope~ by MDH wi~h i~put from ah external peer review panel, Mo~e/detai~s are 

3res~nted below, 

**Relative Source Contribution (RSC): based on current biomonitoring serum concentrations from leca~ and 
~ational genera~ ~populal:iens to represent nomwater exposures, an RSC of 0.5 (50%) was selected for water 
ngestion. 

t~)teke Rate: in keeping with MDH’s practice. 95~ pementile water intake rates ~Tabie 3-1 and 3-3. USEPA 201t) 
or upper percentile breastmitk intake rates (Table 15~1. USEPA 2011) were useu, Breastmiik c~nrentrations were 
ce!ct~!ated by multiplying the maternal serum concentration by a PFQS braa.stmilk ~ransfer factor r~f 1.3%, For the 
breast-fed infa,~ exposure scenario, a period of exclusive breastfeedin9 for one yank was used as representative 
of a reasonable maximum e×pos[|re scer~a~r~o, 

A simple equation is typically used tc calculate HBVs at the part per billion level wi~ results rour~d8d to o~e 
si#nificant digit. However. the to.xicokinetic mallei used to derive the HBV for PFOS shewed that serum 
coecentration~ were impacted by change~ in water ear, castrations at the pat1 ~er trillion level. As a result, the 
20t 7 HBV con~a~n.s two .#lgits. 

Re[Ference DoselCancentratiol~: 

Source ol= toxicity vague: 

HEDfTotal UF = 0.000511100 = 0.0000051 mgtkg-~ 
(Cr:I:CD(SD)IGS VAF Rats)~ ~he corresponding serum 
concentradon is 6.26/100 = 0.063 mg/L. Note: this serum 
concentration is inao#ropriate to use for individual 

assessment, ***.1 
Determined by MDH in 20t7 
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Point of Departure (POD): 

Dose .Adjustment Fa~or (DAF): 

Human Equivalent Dose (MDH. 20t7)1 

Total uncertainty factor (UF): 
Uncertainty factor a~tocation: 

Criticat effect(s): 
Co-critical effect(s): 

Additivit~" endpoint(s): 

6.26 mg/L serum concentrat.ion (EPA 2016a predicted 
average serum co~oentratior~ [or F2 generatiot~ NOAEL 
from Luebker err al 2005b) 
0.000081: Toxicokinetic Adjustment based on Chemical~ 
Specific C~earance Rate = Volume of Distribution (L/kg) 
(Lt~?JHaffqi~e, day~) = 0.23 Likg x (0.693/i971 days,~ 
0..000081 L/kg~day (US EPA 2016a) 
ROD x DAF = 6.26 mg/L. × 0.000081 L/kglday 
mglkg--day 
100 
3 for ir~terspecies differences (for toxicodvnamics), 
inh-aspecies variability and 3 for database uncertainty 
(additional ~tudies regardingl immunotoxicity are 
warranted) 
Decreased pup body weight 
in offspring exposed during development: delayed eye 
opening, increased sternal defects, changes i[~ lung 
development, decrea,~ed glucose tolerance, 
motor activity and decreased habituation, decreased levels 
of thyroxine (T4} arid decreased survival. 
Ir~ ad~t animals: liver weight changes accompanied by 
changes ia cholesterol levels arid histotogy~ decreased 
levels of thyroxine, (’T4); ~ecreased SRBC response. 
increased NK cei[l activi[y, decreased spleen and thymus 
weight and cellularity 
Developmental, Hepatic (Liver) system, immune system, 
~hyroid 

*~* ,Serum concentration is useful for informing p~ ~0 i¢ health pc!icy and interpreting ~opulationobased ~;x~osure& This 
based ~n populat~omba~ed parameters and ~hou~d not be u~ed ~r clin~ca~ assessment O~ for ~nterDret~ng serum levels 

Toxicokinet c Model Descd.ptien: 

Serum concentrations can be calculated from the dose and clearance rate using the following equation, 
This equation was used by EPA, to calculate the HEDs from the POD serum concentrat;ons, 

Wt~ere: 

Do~’e ~m#.~g~dax~ = Wa~e~ or 8,r~as~mflk In~ke (l._~~d~} ~ ~. evel ~fl Water or ~teas#t~it~ (ra!!L3 

C[earance (t~#~d) < ’V;3~um=e of db~r~bution (~kg) x (Ln 2~att4ife (days)) 

Two exposure scenarios were examined: I) an infant fed with formula reconstituted with contaminated 
water’ starting :at birth and continuing ingestion of contaminated water through life; and 2) an infant 
e×c~usiveiy braast4ed for 12 months, followed by drir~king cer~tamir~ated water: tr~ both scenarios the 
simulated ir~dMduafs began life with a pre~exi~tia£~ body burder~ through place~ta~ ~ransfer of PF©S 
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(maternal serum concentration x 46%) based on average cord to maternal serum concentration ratios 
reported in the literature The serum concentration of the mother at delivery was assumed t,o be at 
steady-stateo 

Consistent with MDH metr~odotogy, 95I~ percentile water intake and upper percentile breastmilk intake 
rates were used to simulate a reasor~abfe maximum exposed individual. A P~OS breas~m~lk transter 
factor of 1,3%, ba~ed on average breastmilk to maternal serum concentratiot~ ratios repo~ted in ~he 
Iiterature, was used to calculate breastmilk concentration. Accosting ~o the 2016 Breastfeedincj Report 
Card (CDC, 2016), nearly 66 percent of mothers in Minnesota topoi1 breastfeeding at six months, with 
31,4 percent exclusively breastfeedin9, The percent breastfeeding dropped to 41% at twelve months. 
~DH selected aa exclusi’ve breastfeeding duration of one year for the breast4ed infant scenario, 

Daily post-elimination serum concenttaLion was calculated as 

To maintain mass balan~, daiiy maternal se[’L![~] concentratio~s arid loss-of-chemical via transfer to the 
infant as wet~ as excretion represented by the ctea:rance rate. were calculated, 

Summary of Model Parameters 

Model Parameter Value Used 

~ Ha~f4ife 197i days (US EPA 2016c) 

Volume of disttibut en (Vd) 0.23 i.Jkg (bS ~PA 20!6c) 

Vd Age Adjustment Factor 2,I age 1-30 days decreasing to ! .2 age 5-10 year~ and 1.0 
after age t0 yeats (Friis-Han~en 1961:) 

Clearance Rate (CR) 0.000081 Ukg:-d, calculated from Vd x (Ln 2!haifqife) 

Place~tat transfer factor 46% (MDH 20I 7b) 

Breastmiik transfer factor 1 ~¢~ ,o >~ (MDH 2017b) 

Water ~ntake Rate (Lingual) 95~ petcent}le consumers only (default va~ues~ MDN 2008) 
(Table 3~1 & 3-3 USEPA 20il) 

B~easb~ilk intake Ra[e (L~kg-d) Upper percentile exclusively breast4~! ~far~ts (Table i 5~!, US 

Body weight (kg) Calcula~:ed from ware[ ~ntake and breastmiik iatake rate tables 
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A relative source contribution factor I R$C) is incorporated into the derivation of a hea~th~based water 

guidance va~ue to account for non-water exposures. MDH utilizes the Exposure Decision Tree process 
presented ~n US EPA 2000 to derive appropriate RSCs, MDH re~ied upon the percentage method to 
tdleet relative potions of wa~er and non,water rou~es of exposure The ~81ues d the du~.tion specific 
default RSCs (0,5, 0,2 and 0.2 for shoR4erm, subchronic, and chronic, tespeotively) are based on the 
magr}itude of contnbution of these other exposures that occur dudng the relevant exposure duration 
(MDH 2008), However. in the case of PFQS application d ar~ RaG needs to account for the long 
e~im;nation hal#life, such that a person’s serum concentration al any give~ age is not only the resu}t d 
his or her current or recent exposure~ within the duration of concern, but also from exposu[~ from years 
past. 

Serum concentrations are the best measure of cum~lative exposure anu can be used in o!ace of the 
RfD in the Decision Tree p[ocess, Biomonitorin9 results from new residents who= were not historically 
exposed to contaminated water in the East Metro can be used to represent nomwater exposure8 
(Nelson, 2016). The serum concentrations in these residents were similar ip magnitude to those for the 
general public reported in the most recent National Report on Human Exposure to Environmental 
Chemical~ (CDC 2017) MDH selected an RSC of 50% [or exposure from water ingestion based or}: 

A high,,-end, conservative estimate of background, nomwater exposures represented by me 95~ 
percentile serum concentration for new East Metro residents (0,02i mg/L serum.u and 
The USEPA Decision Tree RSC ceil:ing of 80% to ensure a margin of safety to account for 
possible unknown sources of exposure 

As mentioned above, two exposure soenanos were examined: 1) an nfant fed formula reconstituted 
with con[aminated water staring at birth and conti~uing mgestior} .of contami~ated water through life: 
and 2} an infant exclusively breast4ed ff;r 12 months, fo!iowed by drinking contaminated water throL~gh 
life, 

For the firs~ scenario;, the formuta~fed infant, the: water concentration that maintains a serum 
concentration attributable to drinking water below an RSC of 50% throughout life is 0,060 
Because of the long ha:!fqi~e; the serum concentration curve is very flat and even a smalt increment 
inc[ease in the water concentraflort (0;06I #giL) raises the serum concentration above the 50 }~arcent 
threshoid for nearly 9 years. 
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Applying this water concentration ef 0.060 Hg/L in the context of a: breast-fed infant resu!ted in not only 
an exceedance of the 50% RSC thi’eshold but of the entire ~eference serum conce~tration for more 
than one year. in order to maintain a serum concentration at or below an RSC of 50% for breast~fed 
ir~1ants, the water coneentratior~ should not exceed 0.027 Hg/L. 

Due to chronic bioaccumutation in the mother and s~.~bsequent transfer to breastmitkl the breas#fed 
infant exposure sce~ario is the most limiting scenario i~n terms of water concentrations. To ensL~re 
protect:ion of all segments of the pof3u!atio~, the final health~based value for PFOS is set: at: 0,02:7 

S!ope factor (8F): 
Source of cancer- slope factor (S~): 

T~.~nor site(:s):, 

ear, cot H~l~h Based Va~ue (cHBV} = Not 

Cancer classification: Suggestive Evidence of Carcinogenic Po~er~tia/(EPA 
20t6b) 
Not Applicable 
Not Applicable 
Liver and thyroid t,.~mors were identified in both contro~ 
:exposed animals at levels that d;d not show a direct 
relationship to dose, 

SL~mn~ary of Gaidance Value History: 

A chronic nHBV d I pg/L was first derived in 2002~ A revised chronic nHBV of 0,3 Ijg/L was derived in 
2007 and promulgated as an nHRL in 2009. tn 2016, EPA released a Health Advisory or 0.07 #9tL for 
PFOS, MDH conducted a Fe-e~aluation and derived a revised nHBV (applicab!e to all durations) of 
0.027 tJg/L in 2017. The 2017 nHBV is lower than the previous value as the result off 1) ir...corporating 
the most recent to×icological information and 2) chemioaFspecific exposure concerns from breastmilk~ 
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E,~,en if te~ting for a speci~c health effect was not conducted fbr tNs chemica~ information about ~hat eff÷ct ~ight be eva!lab!÷ 
from ~udies conducted for etlhe~ p~rI:.,oses. M.DH has considered the following info[mation i~ developing heai~h protective 
£ uidanc, e 

Tested for 
specific effect? 

Effects 
observed? 

Bndocdne 

Yes 

ImmunotoxicRy 

Yes 

Yes2 

Devei!opment Reproductive Neurotoxicity 

Yes Yes Yes 

Ye s" Yes~ Yess 

Commen~ on extent ~ test~r~g er eff~ec~: 

[Note." MDH conducted a ~:-u~ed re~evahJatiot~ which re,~@~ upon ~PA~ hazard a~es.~met# a~d key study 
Mez?fi#caf~on (EPA 2016a). A complete evaluatzon of the toxicological i~teratut~ was t)o~ conducted.] 

Numerous human eoidemiotogical studies have evaluated thyroid hormone levels and/or thyroid 
digease in association with serum PFOS. Results from these studies have provided Jimited suppo~l for 
an association. Stronger associations were found in populations at risk for iodine deficiency or positive 
anti-TPO antibodies (a marker for autoimmune thyroid disease). 

Studies in laboratory animals have reported decreased serum tr~yroid levels, in particular, thyroxin (T4) 
in offspring and adult animals at exposure levels similar in magniiude to the critical effect. Decreased 
T4 has been identified as :a coocritica! effect and Thy reid has beeo identified as an Additivily En@o~nL 

:~ A few human epidemioiogy studies ha~e evaluated associations between ~mmunosuppression 
measures and serum PROS, However, no clear a~sociations were reported between serum PROS and 
rates of infectious disease, 

Studies m laboratory animals have shown that RFOS exposure alters several immunologic measures 
(e,g,, suppression of SRBC response, and!or increased natucal killer cell activity). Some of thes.e 
effect@ occur at exposure levels similar to the POD, As a result ~he immune system ha8 been identified 
as an Additivity F~ndpoint and a database uncertainty factor" has been mcorsorated rote ~ne derivation of 
the RfD. 

~ Human epidemiology studies have suggested an association between ~renatal PFOS serum levels 
and lower birth weight, however, this association has not been consistent. 

Studies conducted in laboratory animals have identified several sensitive developmental effects. 
Decreased pup body weight appears to be among the most sensitive effects and, in par[, forms the 
basis of the Reference Dose and corresponding serum concentration of concern. A timit[ed number of 
studies have also reported changes in male reproductive development and changes in energy 
metabolism (e.g., glucose levels lipid metabolism,~ following exposure dunng developmenL Additional 
effects, including increased pup death were observed at higher exposure l~vels. 

4 A ~mal number of human epidemioiogy studies have re#orted an association between preconception 

serum PFOS and gestationa~ diabetes and pregnancydnduced hypertension. There has also been 
some evidence of associations between serum PFOS and decreased fe~tility~ however concerns have 
been raised over the possibility that this is due to ~everse causation~ 
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Studies in laboratory animals do not i~qdicate that fertility is a sensitive endpoint, with decreases in ma!e 
reproductive organs weights, decreased epididymal sperm cour~t, and evidence of disruption of the 
b!ood-~estes-barder occurring at exposur:e levels higher than those causing developmen~l toxicity (see 
above). Therefore~ the RfD would be protective of these effects, 

~ Developmenta! neur0to×icity and adu!t neurotoxicity studies have bee)~ co,ducked in laboratory 
animals. Increased motor activity and decreased habituatior~ of [~ale offspring was reported fol!owi~g 
gestational and lacta~ioi~al e×posure at leve~s similar to the c~i~ical effect and have bee~ included as co~ 
critica! effects. These effects are encompassed by the Developmental Additivity Endpoint, Results from 
s~udies using water maze tests for learning and memory :in animals exposed during dev:elopment or .as 
adu!~ have yielded inconsistent result~ or effects at higher dose level~, 

Resources Cons~ted Duri~£ Review: 

,rNote: ft4DH conducted a focused re~eva[u~b’o,~ which relied upon EPA ts hazard assesosment and key 
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ASTSWMO (2015), Association of State and Territory Solid Waste Management Officials. 
Perfluorir~ated Chemicals (PFCs): Pediuorooctar~oic Add (PFOA) & Perfluorooctane Sullen]ate (PFOS/ 
information Paper. 

ATSDR. (2015). °’Agency ~or Toxic Substances and Disease Registry_ Draft Toxicological P~ofile for 
Perfiuoroall~yls." Retrieved August 15. 2015, from ~./www,atsdr.cdc.~!~~#~.~...0.....0.:~’~..d..~. 

Australiar~ Health Protection Pdncipa! Committee, enHeatth. (20t6). "enHeakh Statement: Interim 
~ationa~ guidance on human health reference values for per° and polDfluoroalkyl substances for u:se ~~ 
site nvestigations in Australia,"’ from 
http:~tw~w.hea~th~nsw‘.~v‘au/environment/factsheets~D~cume~:ts/pfas~in~terim~hea~th°va~ues~ah~. 

Bijfand S. PCN Rensen...HJ Pietermaa ACE Mass. J’~ van der Hoorn, MJ van Erk, KW van D}jk, SC 
Chang, DJ Ehresman JL Butenhoff HMG Princen. (2011)~ "Perfiuoroalkyl Sulfonates Cause .AIkyl 
Chain Length-De,oendent Hepatic Steatosis and Hypolipidemia Mainly by Impairing Lipoproteir~ 
Productioc~ fn APOE*34~eiden CETP Mice." Toxicological Sciences ° 23(1.): 290°303. 

Butenhoff. J., SC Chang, GW Olsen. PJ Thomford. (2012). "Chronic dietary toxicity and carcinogenicity 
study with potassium perftuorooctane sulfonate in Sprague Dawtey rats." Toxicolog2 293: I ~15. 

Cariou, R. B Veyrand, A Yamada, A Berrebi D Zalko, S Durand. C Potlo~o. P Marchand, J-C Leblanc, 
,~-P Antigr~ac, B Le Bizet, (2015). "Perfluoroalkyl acid {PFAA) levels and profiles in breast milk, 
maternal a~d chord serurr of French women and their newborns.’* Environment ~tetnafional 84:7%81 

CDC (2016)~ Centers for Disease Control and Prevention, Breastfeeding Report Card, 

CDC (2017). Centers for Disease Co~ntrol and Preven[ion (CDC), Fou~lh Natiol~a Roper1 on Human 
E>,’posure to Environmental Chemicals. Updated Talbles January 2017 Votume One. 

Chang, S., BC Allen, KL Andres, DJ Eh:resman. R Falvo. A Ptovencher. GW Olsen. JL Butenhoff, 
(23!6). ’Evaluation of serum !ipid~ thyroid, and hepatic clinical chemi.stries ;r~ association with so=rum 

2477.0009 
STATE 07457248 



perfluorooctanesu[fonate (PRO,S) in cynomotgus monkeys after oral dosing with potassium PROS " 
}T~oxicologicat Sciences ~Submitted manu:scri~: 

Chert, T,~ L Zhang~ J~q Yue, Z-q Lv, W Xia,, Y-.j Wan~ Y~y Li, S--q Xu, (20!2). "Prenatal PFOS exposure 
induces oxidative stress and apoptesis in the ~!r~g of rat off-spring," ~roductive Toxico!ogZ 33: 538~ 
545. 

Danish Ministry of the Enviror~meat [2015), Pe~fluoroatkylated substances: PFOA. PF’OS anu PFOSA. 
Evaluation of health hazards and proposal of a health based quality criterion for drinking water, soiI and 
grt~und wa[.er. Environmental project No. 1665, 2~15 

Dong, G.-,H.. Y,:.H Zhang, L Zheng, W LJu, Y-.H Jin Q~C He (2009). "Chronic effects of 
perfiuorooctanesulfonate exposure on immunotoxicity in adult male C57BL/5 mice." Archives of 
Toxicolo.qv. 83: 805~8t 5, 

Dong~ G.. MM Liu. D War’9, L Zheng, ZF Liang YH Jin, (2011). "Sub-chronic effect of 
perfluorooctanesuffonate (PFOS) on the balance of ~ype 1 and type 2 cytokine in adult C57BL6 mice. ’ 
Archives of Toxicology 85: 1235~-1244. 

EFSA (2008). European Food Safety Authority. Pedluorooctane sulfonate (F~FOS), perfluorooctanoic 
acid (PFOA) arid their salts. Sc:ier~tific Opi~ior~ of the Panel or~ Ccr~taminar~ts ia the Food chai.n. 
(Question No EFSA-Q~2004-163). 

Egeghy PP and M Lorber .~20tl). "An assessment of the exposure of Americans to perfiuorooctane 
suifonate: A comparison of estimated intake witlq values inferred from NHANES data.’:’ Journal of 
~.posure Science arid Enwronme[~tal ~idemiolo~ 21: 150-168, 

Friis~Nanse~. B~ (t961). Body Water Compar~mel~ts ~n (;hi,Urea: Changes During Growt.lq and Rela~ed 
Changes in Body Composition Peda,~"ics, 28(2), !69-!8t, 

F~omme, ~4., C Mosch, M Morovitzl ~ Alba-Alejandre~ S Boehmet~ M Kiranoglu, F Faber, ! Hannibal, O 
GenzeI-Bomviczeny, B Koletzko, W Volkel~ (2010t,. "Pre- and Postnatal Exposure to Pc[fluorinated 
Csmpounds (PFCs),!’ Environmental Science & Technoto£!2 44: 7123-7129~ 

German Ministry of Nea!th (2006), Assessmen~ of PFOA in the drir~king water of the Gerrnar~ 
}4,~chs:aueriandkreis~ Statement bythe Drinking Water commission (Tri~kwasserkom}~issior~) of ~he 
German Ministry of }4ealth at the Federal Environment Agency june 21, 2006/revised ~u~y I3, 2006~ 
Pro~’isional Ewluatio~ of PFT in Drinking Water with the Guide Substances, Ped~uorooctar~oic acid 
(PFOA) and Perfluotoocta~e S:u!fo~ate (PF’OS) as Examples. 

Health Canada (2010)~ Drinking Water Guidance Value Peflluotooctane sulfonate (PFOS). 

Hea!th Canada, (2016a), ":Health Canada’s Drinking Water Screening Values fo~ Perfluoroa!k:ylated 
Substa[~es :(PFAS)," Retrieved May 22, 2016, f~m 
h t[p:fls 3. do c L~m entct ou d. o~£/d o cure e n td2756386 iH eal t h .-Ca n a d a..P FAS- SC re ~.,.. r~ i n {;~Vaiu .~s-. Fact- 
Sheet,pdf: 

Health Canada~ (2016b). "Pefluorooctane Sutfonate (PFOS)in Drinking Water, Draft for Public 
Consulatior-~ Document.", from 

PFOS - Page 8 of ! I 

2477.0010 
STATE 07457249 



Karrman, A, I Ericson, B ~an Ba~el, PO Darnerud, M Aune, A Glynn~ S Lignsll= G Lindstrom, (2007}. 
"Exposure of Perfluerina~ed Chemicals through Lactation: iLeve~s of Matched Human Milk and Serum 
and a Temporal Tre~d, 1996-2004~ in Sw:eden~’~ Env~ronme~tal Health Perspectives 1 i5: 226,230. 

Kim S.-K., KT Lee, CS Kang~ L Tao K Kannan. KR Kim, CK Kim, JS !..eel PS Park, YW Yoo, JY Ha, 
YS Shiin, JH Lee~ (2011). ’=’Distribution af perfluorochemicals between sara and milk from the same 
motl~ers and implications for prenatal and pestnata~ exposures." Envirol~me!~tal Po!lution 159: 169~!74. 

Lau.. G., JR "T’h bodeaux, RG Ha~son, JM Rogers, BE Grey, ME Stanton. JL Butenhoff, L& Stevenson, 
(2603). "Exposure ~o perfluorooctane suffonate during pregnancy in rat and mouse, ti: postnatal 
evaluation: ~ical Science8 74: 382-392o 

Liu, J, 3 Li, Y Liu, HM Chan, Y Zhao: Z Cai Y Wu, (201 ! ). ’!Compadsor~ on gestation and lactation 
e×posu~e of perfluo~ii-~a~ed compounds :~or r~ewboms." E~-}vironmer:,t i i}temat:ior~a! 37: i 206~i 212~ 

,~opez--Do\ al, S.., R Satgado, A Lafuente, (2=016). ’’f’he expression of several reproductive hormone 
receptors ca~q be modified by perfluorooctane su!fonate (PFOS)in adult male rats.’" Chemost2here t55: 
488-~497, 

Luebker, D,, MT Case, RG York, JA Moore, KJ Hanson, JL Butenhoff, (2005b): "Two,generation 
reproduction and crose÷~fos~er ~tudies of pe~luorooctar, esutfona~e (PFOS) i~-.. rats~ ’~ Toxicolo~:~ 215:126.,. 

Luebker, D.. RG York KJ Hanson JA Moore. JL lBut.enhoff, (2005a). "Neonatal mortality from in u~ero 
exposure to parfluorooctanesulfonate (RFOS) in Sprague-Daw}ey rats:dose-response and biochemical 
and pharma¢okinetic pa.rameters." To×icoior4)L.._215: 149~169. 

Lv, Z.~ G Li, Y Li, C Yi~g, J Chert. T Chert. J WeL Y Lin, Y Jiang, Y Wang B Shu B Xu, S Xu. (2013). 
"GIJcose and Lipid Homeostasis in Adult Rat is impaired uy Early-Life Exposure te Peffiuorooctane 
Sulfonate." Environmental "toxi¢olo~ 28: 532~542. 

MDH (2008)~ Minnesota Department of Health: Statement of Need and Reasonableness (SONAR) in 
the Matter of Proposed Rules Relating ~o Health Risk Limits of Groundwater.NTP (2016a). National 
To×i¢ooology Program D~afl Systematic Review o~ lmmunotoxicity Associated with Exposure to 
Perfluorooctanoic Acid (PF:OA} or Pedluorooctane Su~fonate (PROS}, 

MDH (Minnesota Department of Health) (2017a). "MDH Health Risk .Assessment Methods to 
!~co.rporate Human Equivale~t Dose Calculations into Derivation of Oral Reference Doses (May 2011, 
revised 2017)." from [!:~f.# i/www hea th state mn us/d vs/eh/r sk/!~ uidance/hedrefgA!~A~2~d~. 

MDH (20t7b). (Min~esota Department of Health} Background Docurnerff: Toxicoki~etic Model :for 
Pros and PFOA and its Use in the Derivatio~-~ of Human Health~based Water Guida~ce Values. 

Nelson. J. (2016). "Personal Communication regarding MDH MN (East Metro) PFC biomonitofing 
project data based on Jur~e 9 2015 Meeti~g Agenda and Materials for the Advisory Pa~el to the 
Enviro~mental Health Tracking and BiomonitoriI~g Program. 
.ht~#:flwww. hea Ith..state. n~n, usidivs/h#cd/trackir~ .,"~uZPanel/2015Junemater.ials 

NTP (September 2016) National Toxicocology Program Monograph - Immunotoxicity Assoc ated with 
Exposure to Perftuoroocta~oic Acid or Pedluorooctar~e Suitor]ate. 

P~O.S ~ Page 9 of 11 

2477.0011 
STATE 07457250 



Qiu, L., X Zha~g, X Zhar!g, Y Zhang, J Gu. M Chen, Z Zha~g, X Wang, S~L Wang, (2013). "Serte~i 
I~ a Potential Target for Perfluorooctane Suffonateqnduced Reproductive Dysfunction i~q Male 
Tr~xicolo~qical Sciences 135(i ): 229-240, 

RtVN. National Institute for Public HeaIth arid the Environment (2010) Environmental risk limits for 
PFOS. A proposal for water q[4ali~y standards n accordance with the Water Framewod~ Directwe. 
Report 6017 I4013/2010. 

Scher. D Personal Communication. (201B). PFCs in FDL Study. 

S.eacat A, PJ Thomfo~d, KJ Nansen GW OIsen, MT Case. JL Butenhoff (2002) "Suhchronic toxicity 
studies on p~r~fuoreoctanesuifonate potassium salt in cynomolgus monkeys?’ Toxicelo~lica! Sciences 
68: 249~264. 

Seacat. A, PJ Thomford. KJ Hanson LA Clemen, SR Eldridge, CR Elcombe, JL Butenhoff, (2003). 
"Sub-chronic dietary toxicity of potassi[~m perfluorooctanesulfonate in rats." Toxicoloq3 183:117-131. 

TCEQ. (2016), "Texas Commission on Env}ronmenta~ Quality. Texas Risk Reduction Program (TRRP) 
Protective Concentration Levels (PCLs).", from 
https : l lwww. t c~ovlremediationltrr#~tri:u.#cfs, htm l. 

Thibodeaux, J., RG Hanson JM Rogers. BE Grey, BD Barbee, JH Richards, JL Butenhoff, LA 
S~e~,enson C Lau. (2003). ’*Exposure to ped~!uorooctane sutfonate during pregnancy in ra~ and mouse. 
i mate.rnal arid prenatal eva~uafions." Toxicologica} Sciences 74: 369-381. 

Thomford, P. (2002). 104-Week Dietary Chronic Toxicity and Carcinogenicity Study with 
Pedluorooctane Sutfonic Acid Potassium Salt (P~OS: T-6295) in Rats, Fina! Report. Volumes IqX 
C~vance Study No. 6329~!83. 

United Kingdom. Drinking ~¢,~ater lnspectorate (2007), Guidance on the Water Supply (Water Quality) 
Regulations 2000/0I specific to PFOS (perfluorooctane sufphonate} and PFOA (perfluorooctanoic acid) 
concentratior~s in drip, king water. 

US EPA (2000). US Environmental Protection Agency (EPA)o Office of Waier~ Methodology for Deriving 
Ambient Water Quality Criteria for the Protection of Human Health. EPA~.822-B~00-O04, October 

US EPA {2011). US Enviror~mentat Protection Agency "Exposure Fac!ors Handbook~ Office of 
Research and Development,’~ from .b~.~t..p..~.;~[.~[~.~....~..~.~‘..‘.a.~‘~9.y~[]cea/riskJre~rdis#j~-y..~fm?deid=236252‘ 

US EPA (2016c). "US Environmental Protection Agency- Office of Water Health Effects Support 
Document for Pedluorooctane Su/fonate (PFOS),." Retrieved May 19. 2016, ~rom 
htt ps://W w,#~. e p~Lit~e~,~prod u ct io r~, filed2016~0otdOCLt:n~ e~ts/hesd_Dfos 

US EPA (2016d}. "US Environmental Protection Agency o Office of Water. Drinking Water Health 
Adviso~-y for Perfl.uorooctane Sulfor;ate (PFOS).’ Retrieved May 19. 2016, ~rom 
~tt::)s :l/www,e ,,~La~~roduction/files/2016~OS/documentd~:~f os health 

Wambaugh, J., RW Setzer, AM Pitruzze~Io, J Liu, DM Reif. NC Kteinstreuer, N Ching, Y Wang, N 
Sipes, M Martin. K Das JC De~,,~/itt, M Strynaro R Judson, KA Houck, C ~au, (2013) "Do~in~etric 
anchoring ~ ~~ rive and it~ vitro :studies for !}erfluorooctanoate arid perfluorooctanesulfonate," 
Toxicolo~3ical Sconces 136: 308~327. 

PEOS - Page 10 of 11 

2477.0012 

STATE 07457251 



Wang, L., Y Wang, Y Liang~ J Li, Y Liu, J Zhat]g, A Zhang~ J Fu: G Jiang (20!4). "PFOS i~duced ~ipid 
metabolism d s~urban.ce~ i~ BALB/~ m~ce ~hrough i~h~bitio~ of low density lipoprote~ns excretion." 
Scientifio Re:po~,~ 4; 4582. 

2477.0013 
STATE 07457252 


