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ENVIRONMENTAL SURVEILLANCE AND ASSESSMENT

one May17,2007
TO: James Kelly, Manager, Environmental Assessment and Surveillance Section

Awa Sarah Jon, Supervisor, Health is Assesment Unit |
FROM: Nancy RiclMieatth Risk Assessment Unit |

SUBJECT: Health Based Values for Perfluorooctana sulfonate |
CAS: 1763-23-1 (acid) |

29081-56-9 (ammonium salt) |

70225-14-8 d ethanolamine sak) |
2795-39-3 (potassium si)
29457-72-5 (lithium salt)

Since 2002, staff have completed several evaluations of perfluorooctane sulfonate (PFOS).Achronic
non-cancer Health-Based Value (HBV) of 1 pg/L was first derived by Minnesota Department of Health

{MON in 2002 fer perforochemicals were found in drinking water in several locations in
Minnesota This value was update 0.0. ug/L in 2007 when more toxicological Information was
avalabl. 1 2009, the valueof 03 g/L was adopted nt ule. When th US, Environmental

Protection Agency (EPA) began review of FOS, MDH commited to another review ofthe HBV value
after EPA provided the results of s review. The EPA announced a Health Adisory Valueof 0.07 g/L in
2016 and MOH then began reviewing is 2009 guidance for PFOS to determine the guidance values
remained sufficient protective
PROS s highly bloaccumulative in the serum, with a human hafof about 5.4 years. During the
2016/2017 review, MOH determined tha sun concentration was the most appropriate dose mtr
2nd that the concentration of PROS in drinking water must be kept below level that could result in
Serum concentrationsof concern. Further, MOH concluded tht protecting agaist high, shortterm
exposures sha formula-fed and breast-fed nants experience is portant, in addition to protecting
against long-term exposures. Given hese considerations, the standard MOH equation usd fr deriving
heali-based gidance was not adequate, and MOR developed atoscokinetic model 0 ssc the
effecof PROS concentrations in driaking water on serum concentration
The Contaminants of merging Concern (CEC) program completed th review. Helen Goeden
completed the primary reviewand Jim Jacobus completed th secondary review. An term team
review eas hel on August 30, 2016, an the nlteam review was held on April 20,2017. PFOS isthe
ith chemical review completed in F2017 by the CEC program, and the 11th completed by the CEC
program in the 2016/2017 biennium.
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SUBJECT: 

May 17, 20:t7 

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 bioaccumulates within the body, crosses the placenta, and partitions to breastmilk. Short-term

exposures have the potential to stay inthe body for an extended period of time. Thereforeasingle
HBV has been recommended for short-term, subchronic, and chronic duration. Staff recommend the

following non-cancer Health-Based Values (HBV) for all durations: short-term (up to 30 days);

subchronic (up to approximately 8 years); and chronic (lifetime) exposure.

The following HBVs have beenderived forPFOS:
casNos. ER ——

| |
1763-231 (acid)
29081-56-9 (ammonium salt)

70225.10.8 (ethanolamine ak) | PROS | Acute - -
| 2795-39-3 (potassium salt) | |
|2047.72 (thio ah |

Sor| erm
— a [subchronic | system, immune| 2927 |
I Asystem,Thyroid (E)

NA = Not Applicable

The updated PFOS guidance values and the attached summary documentation will be added to the
Human Health-Based Water Guidance table on MDHs website.The Guidance implementation Team
‘members, which include representatives from Minnesota Department of Agriculture, Minnesota

Pollution Cantrol Agency, MDH Drinking Water Protection and other MDH programs will be informed
about the new values in an upcoming meeting. AGovDelivery message announcing the finalized values
willbe sent when the updated information is added to the MOH website.
Your signature, indicating that you have reviewed and approved this value, is requested.

8ely, Section Manager

Date: 2 J a

Attachment: Toxicological Summaryfor PFOS

2
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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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DEPARTMENT Health Based GuidanceforWater
0 OF HEALTH Health Risk Assessment Uni, Environmental Health Division

651-201-4858

Web Publication Date: May 2017

Toxicological Summary for: Perfluorooctane Sulfonate
CAS: 1763-2341 (acid)

'29081.56.9 (ammonium salt)
7025-148 (diethanolamine salt)
2795-39-3 (potassium salt)
29457-72-5 (lithium salt)
[Note: perfludrooctanoate anion does not have a specific CAS number.

Synonyms: PFOS, Perfluorooctane sulfonic acid

MDH conducteda focused re-ovaluation, which reliedheavily upon EPA's hazard assessment
and key study identification contained within the EPA Health Effects Support Document for
Porfluorooctane Sulfonate (PFOS) releasedin May 2016 (EPA 20163). A complete evaluation of
the toxicological literature was not conducted.

‘Shortterm, Subchronic and Chronic® ~Non-Cancer HealthBased Value (HBV)= 0.027 ug.”
“Due tothe highly ioaccumulatve natureofPEOS and human half of nearly 4 years, serum concentrations
are the most appropriate dose met and the standard equaion o derive the HBY was nol apprcprite. Short
ferm exposures have the polental to stay n the body for an extended period of me. Therefore a single HBV has.
Sean recommended for shor erm, subchoric, and ionic durations. The 2017 HBV was derived using a
{oxcakinelic (TK) model developed by MDH with inputfrom anextemal peer review panel. Mode! details are.
presented below.
Relative Source Conlrbufion (RSC): based on current biomonitoring serum concentrations rom local and
national general populations o represent ron-water exposures, an RSC of 05 (50%) was selected for water
ingestion.
Intake Rete: In keeping with MDH practice, 95" percentle water iiake rates (Table 3-1 and 3-3, USEPA 2011)
or upper percentio breastmilk intake fates (Table 15-1, USEPA 2011) were used. Sreastrilk concentrations were
calculatedby multiplying the malomal serum concenlration bya PFOS breasimilk ransier factor cf 1.3%. For the
oreast-ed inant exposure scenario, a periodof exclusive breastleeding for one year was used as representative
of a reasonable maximum exposure scenario
A simple equation is typically used to calculate HEV at the part per bion level with results rounded to one.
signifcant dig. However, th toxicokinetic modal used 1 derive the HEV for PFOS showsd that serum
concentrations were impacted by changes in water concentrationsatthe part per tion level. As a rosut, the
2017 HY contains two digits.

Reference Dose/Concentration:  HED/Total UF = 0.00051/100 = 0.000051 mgfkg=
(Cr.CD(SD)IGS VAF Rats). {The comasponding serum
concentration is 6.26/100 = 0.063 mg/L. Note: this serum
concenlration is inappropriate to usefor individual
assessment.“

Source of toxicity value: Determined by MDH in 2017

PFOS -Page 1 of 11
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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 

PFOS- Page 1 of t 1 
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Point of Departure (POD): 6.26 mg/L serum concentration (EPA 201Ga predicted
average serum concentration for F2 generation. NOAEL
from Luetker et al 2005b)

Dose Adjustment Factor (DAF): 0.000081; Toxicokinetic Adjustment based on Chernical-
Specific Clearance Rate = Volume of Distribution (Lig) x
(Ln2lHalf fe, cays)= 0.23 Lig x (0.693/1871 days) =
0.000081 Likg-day (US EPA 20168)

Human Equivalent Dose (MDH, 2017): POD x DAF =6.26 mg/Lx 0.000081 Likgiday =0.00051
mgkg-day

Total uncertainty factor (UF): 100
Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 10 for

inlraspecies variabity and 3 or database uncertainty
(additonal studies regarcing immunotoxicty are |

wartanted) |
Crilcal effec(s): Decreased pup body weight |

Co-citcal effect(s): In offspring exposed during development: delayed eye |
‘opening, increased steal defects, changes in lung |
developmen, decreased glucose tolerance, increased
motor activi and decreased habluson, decreased eves |
ofthyroxine (T4), and decreased survival.
in adult animals: iver weight changes accompanied by
changes in cholesterol levels and histology; decreased
levels of thyroxine (T4), decreased SRBC response.
increased NK cell activity, decreased spieen and thymus
weight and celluarity

Addiiity endpoints): Developmental, Hepatic (Liver) system, Immune system,
Thyroid ©)

= Serum concentration s usu for foring pubic heathpolicyand nerpraingposto.bose exposurs. Thi vale fs
bated on oiato ated parameters and shoud ht oe es or HCH SeSaSsent ffOrnser outs
individuals.

Toxicokinetic Model Descrigtion:
Serum concentrations can be calculated from the dose and clearance rate using the following equation
“This equation was used by EPA, to Calculate the HED from the POD serum concentrations.

JX)erum Concentration (72) =
E77 Clearance Rate (ge)7 aa

Where.
‘Doss (mg/kg-day) = Wal or Breastmilk Intake (Likg-day) x Leva! in WalerorBraastmilk (mL)
an
Clearance (Lig) = Volumoof distibution (Lig) x (Ln halite (days)

Two exposure scenarios were examined: 1) an infant fed with formula reconstituted with contaminated
water stating at bith and continuing Ingestion of contaminated water through Ife: and 2) an infant
exclusively breastfed for 12 months, followed by drinking contaminated water. In both scenarios the.
simulated individuals began Ife witha pre-existing body burden through placental ransfer of PFOS

PFOS- Page20f 11
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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 

PFOS * Page 2 of 1 t 
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(maternal serum concentration x 46%) based on average cord to maternal serum concentration ratios.AAA AR
‘steady-state.

ConsistentwithMDH methodology, 95 percentile water intake and upper percentile breastmilk intakeAIATTarrAEfelreSRLS LTSE a pr foal hnBr eR
SO —

someone (19) « p- PR py sme. |
va i) x Bw kod !

|
To maintain mass balance, daily maternal serum concentrations and loss-of-chemical via transfer to the
infant as well as excretion represented by the clearance rate, were calculated.

‘Summary of Model Parameters

[ ecopwme | Vou
[arate 1971 days (US EPA 20160)

Volume of distribution (Vd) 0.23 Ukg (US EPA 2016c)

Vd Age Adjustment Factor 2.1 age 1-30 days decreasing to 1.2 age 5-10 years and 1.0
after age 10 years (Friis-Hansen 1961)

Clearance Rate (CR) 0.000081 Likg-d, calculated from Vl x (Ln 2ait-ife)

Placental transfer factor 46% (MDH 20170)

(%of maternal serum level)

Breastmilk transfer factor 1.3% (MDH 2017b)

(%of maternal serum level)

Water Intake Rate (Lkg-d) 95° percentile consumers only (default values. MDH 2008)
(Table 3-1 & 3-3, USEPA 2011)

Seen Tete
— S———

2477.0005

(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 

PFOS ~ Page 3 of 1 ! 
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A relative source contribution factor (RSC) is incorporated into the derivation of a health-based waterams Fon et esDePaSe EPSsdosppsCe Wotoatoperapeerare mea eeae ar Eo fkoe tot tfSA ut aroe
‘Serum concentrations are the best measure of cumulative exposure and can be used in placeof thegreDs
(Nelson, 2016). The serum concentrations in these residents were similar in magnitude to those for thea |rr er |

+ Ahigh-end, conservative estimateof background, non-water exposures represented by the 95° |tyBLAerA AAASA |Te is
ATEEH ar TEPT TE
with contaminated water starting at birth and continuing ingestion of contaminated water through life;
and 2) an infant exclusively breast-fed for 12 months, followed by drinking contaminated water through
life.

a ——enam a Bae.eran
increase in the water concentration (0.081 ug/L) raises the serum concentration above the 50 percentLE

fom Te
He

; Agetears)

[E——

erare nirass
2477.0006

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. 

PFOS - Page 4 of 11 
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Appiying this water concentration of 0.060 ug/L i the context ofa breastfed infant rested in not only
an exceedanceof the 50% RSC threshold, but of the entre reference serum concsnuraton for more
{han one year. In orderto maintain a serum concentration atorbelow an RSC of 50% fo breastfed
infant, the water concentration shouid not exceed 0.027 gL.

rnsfo Scena (pe cl 5 PS err Concentrations st Wate Connon D027

Fo
foe
i ~~
§ om ~~

Je

Due to chronic boaccumuation in the mother and subssquent transfer o breastmilk, the breastfed
infant expose scanaio s the most milng Scenario n termso water concentrations. To ensure
protection of al segmentsoftha poguiation, the final healthbased value for PROS is et a 0.027 poll.

CancerHealth BasedValue (cHBV) =NotApplicable
Cancer classification: Suggestive EvidenceofCarcinogenic Potential (EPA

2016b)
‘Slope factor (SF): Not Applicable

Source of cancer slope factor (SF): Not Applicable
“Tumor site(s) Liver and thyroid tumors were identified in both contol ard

exposed anima at levels that dd not show a direct
relationship to cose.

Volatile: No

Summary of Guidance Value History:
A chronic nHBV of 1 gi was frst derived in 2002. A revised chronic nHBV of 0.3 yqiL was derived in
2007 an promuigaled as an nHRL in 2008. In 2016, EPA released a Health Advisory of 0.07 poi. for
PFOS, MDH conducted a re-evaluation and derived a revised nHBV (applicable to all durations) of
0.027 gL in 2017. Tha 2017 nHBY i lower than he previous valueas th result of: 1 incorporating
the most recent toxicological information and 2) chemical-specific exposure concerns from breastmilk.

PROS -Page of 11
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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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‘Summaryoftoxicitytestingforhealth effectsidentifiedintheHealth StandardsStatue (144.0751): |
Even if testing fora specific health effect was not conducted for this chemical, information about that effect ight be available: |
From studies conducted forotherpurposes. MDH has considered the following information in developing health pretactve. |

Tem [rm[ove [oe mmm] |i
specific sfient?

rm
* Numerous human epidemiological studies have evaluated thyroid hormone levels andor thyroid

anti-TPO antibodies (a marker for autoimmune thyroid disease).

‘Studies in laboratory animals have reported decreased serum thyroid levels, in particular, thyroxin (T4)

2 A few human epidemiology studies have evaluated associations between immunosuppression

effectsoccurat exposure levels similar to the POD. As a resultthe immune system has been identified
as an Additivity Endpoint and a database uncertainty factor has been incorporated into the derivation of

* Human epidemiology studies have suggested an association between prenatal PFOS serum levels

“A small number of human epidemiology studies have reported an association between preconception

2477.0008

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 co not indicate tha fertiity is a sensitive endpoint, with decreases in male
reproductive organs weights, decreased epididymal sperm court, and evidence of disruptionofthe
blood-estes-barrer occuting at exposure levels higher than those causing developmental (oxic (see
above). Therefore, the RID vould be protectiveof these effects.
# Developmental neurotoxicity and adut neurotoxicity studies have been conducted in laboratory
‘animals. Increased motor activity and decreased habituation of male offspring was reported following
gestational and lactational exposure at levels simi to the criical effect and have been included as co-
cilca effects. These effect are encompassed by the DevelopmentalAdd vit Endpoint. Result from
Studies using water maze fests for learming and memory in animals exposed during developmentor as
alts have yielded inconsistent results or effects at higher dose levels.

Resources Consulted During Review: |
[Noto: MDH conducted a focused re-ovaluation which relied upon EPA's hazard assessment and key |
study identification (EPA 20163). A completo evaluation of the toxicological Iterature was not |

conducted] |
ASTSWMO (2015). Associationof State and Territory Solid Waste Management Officials. |
Perfluorinated Chemicals (PFCs): Perfiuorooctanoic Acid (PFO) & Perfiuorooctane Sulfonate (POS) |
Information Paper.

ATSDR. (2015), “Agency for Toxic Substances and Disease Registry. Draft ToxicologicalProfile for
Perfluoroalky's” Retrieved August 15, 2015, fromhito www.aisd cdeowtoxprofles/ip200.pdf.
Australian Health Protection Principal Comite. neath. (2016). “enHealth Statement: Interim
national guidance on human health reference values for per- and poly-fluoroalkyl substances for use in
sie vestigations in Australia.” from
http Aww heath nsw. gov awlenvironmentfactsheets/Documents/pfas-interin-health-values-ahope pot.
Bijand, 5. PCN Rensen, EJ Pieterman, ACE Mass, JW van der Hoorn, MJ van Erk, KW van Dijk, SC
Chang, DJ Ehvesman, JL Butenhoff, HMG Princen, (2011). "Perfluoroalkyl Sullonates Cause Alkyl
Chain Length-Dependent Hepatic Steatosis and Hypolipidemia Mainy by Impaifing Lisosrotein
Production in APOE"3-Leiden CETP Mice." Toxicological Sciences 123(1): 290-303

Butennolt, J, SC Chang, GW Olsen, PJ Thomford, (2012). "Chronic dietary toxicty and carcinogenicity
studywith potassium perfuorooctane sulfonate in Sprague Dawley rats.” Losicoloay 293: 1-15.

Cariou. R.. B Veyrand, A Yamada, A Berrebi, D Zalko, S Durand, C Pallano, P Marchand, J-C Leblanc,
J-P Anlignac, B Le Bizec, (2015). Perflucroaleyi acid (PFA) levels and profiles in breast milk,matermal and chord serum of French women and their newborns.” Environment International 84: 71-81.

COC (2016). Centers for Disease Control and Prevention. Breastieeding Report Card
COC (2017). Centers for Dissase Control and Prevention (CDC). Fourth National Report on Human
Exposure to Environmental Chericals. Updated Tables, January 2017, Volume One.
Chang, §.. BC Allen. KL Andres, DJ Ehresman. R Falvo, A Provencher, GW Olsen, JL Butanhof,
(2016). “Evaluation of serum lp, thyroid, and hepatic cinical chemistries in association with serum
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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 
atu~.:~v identification (EPA 20t Ca). A oom~.~lete evaluatZon of the toxlcdogicaf literature w~s not 
conducted.] 

ASTSWMO (2015), Association of State and Territory Solid Waste Management Officials. 
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information Paper. 
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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~. 
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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 
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(23!6). ’Evaluation of serum !ipid~ thyroid, and hepatic clinical chemi.stries ;r~ association with so=rum 
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