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ATE: May 17, 2017

Ton lames Kelly, Manager, Environmantal Assessmaent and Surveillance Section
Vi Sarah }aﬁﬁr%s%n} Supervisor, Health Risk Assessment Unit

FROM: Manoy &itgﬁ{?@aith Risk Assessment Unit

SUBJECT: Health-Based Values for Perflucronctane Sulfonate
CAS:  1763-23-1 (acid)
28081-56-9 {ammonium salt)
70225-14-8 {digthanolamine salt}
2795-39-3 {potassium salt)
20457-72-5 {lithium salt}

Since 2002, staff have completed severs! evaluations of perfluorosctane sulfonate {PFOS). A chronic
non-cancer Health-Based Value [MBY) of 1 pg/l was first derived by Minnesota Department of Health
IMIDIHS 0 2007 after perfluorschemicals were found in drinking water in several locations in
pinnesota. This value was updated to 0.3 ug/l in 2007 when mare toxicological information was
available. In 2009, the value of 0.3 ug/l was adopted inte rule. When the LS. Environmental
Praotection Agency (EPA) began a review of PFOS, MOH commitied to another review of the HBY value
after EPA provided the results of Its review, The EPA announced a Health Advisory Value of 0.07 pg/Lin
2016 and MOH then began reviewing its 2009 guidance for PFOS to determine if the guidance values
remained sufficiently protective,

FFOS is highly bioaccumulative in the serum, with a human halflife of about 5.4 years, During the
201612017 review, MDH determined that serum concentration was the most appropriste dose metric,
and that the concentration of PFOS In drinking water must be kept below levels that could result in
serum concentrations of concern. Further, MDH concluded that protecting against high, short-term
exposures that formula-fed and breast-fed infants experience is Important, in addition to profecting
against long-term exposures. Given thess considerations, the standard MDH eguation used for derlving
health-based guidance was not adeguate, and MDH developed a toxicokinetic modsel 1o assess the
effect of PFOS concentrations in drinking water on serum concentration.

The Contaminants of Fmerging Concern [CEC) program completed the raview. Helen Goeden
completed the primary review and Jim Jacobus completed the secondary review, An interim team
review was held on August 30, 2018, and the final team review was held on April 20, 2017, PFOS is the
fifth chemical review completed in FY2017 by the CEC program, and the 11th completed by the CEC
program in the 2006/2017 biennium.
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PFOS bioacoumulates within the body, crosses the placents, and partitions to breastmilk. Short-term
exposures have the potential to stay in the body for an extended period of time. Therefore a single
HEBY has been recommendse for short-term, subchronie, and chronic duration, Statf recommend the
following non-cancer Health-Based Values (HBVYs) for all durations: short-term {up to 30 days);
subchronic {upto approximately & vears); and chronic {lifetime) sxposure,

CAS Nos, Chemical | Duration Endpoints HBY {ug/l
1763-23-1 {acid}
2U081-56-9 {ammonium salt]
F225-14-8 {digthanolamine salt) PROS Acute - Na
2795-39-3 {potessium salt)
29457-72-5 {lithium saht
Short-term E}sgveia‘gamg;mais
Hegatic {Liver) -
Subchronic | system, Immune 0027
Chronie gystem, Thyrold (£}
Cancer - MA

NA = Not Applicable

The updated PFOS guidance values and the attached summary documentation will be added tothe
Human Health-Based Water Guidancea table on MDH's website. The Guidance implementation Team
members, which indude representatives from Minnesots Department of Apriculure, Minnesota
Pollution Control Agency, MDH Drinking Water Protection and other MDH programs will be informed

about the new values in an upcoming mesting. A GovDelivery message announcing the finalized values
will be sent when the updated information s added to the MDH wabsite.

Your signature, indicating that you have reviewed and approved this value, is requested.

:é‘ ki
la m%j Kelly, Section Manager

Date: g‘»gg’”}jg“}

Attachment: Toxiological Surnmary for PFDS
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DEPARTMENT Health Based Cuidance for Water
f OF HEALTH Heglh Risk Assessrmiant Unill, Eovironmernds Health Division
551-201-4899

Web Publication Date: May 2017

Toxicological Summary for: Perfluorcoctane Sulfonate
CAS: 1783-23-1 (acid)

28081-56-8 ammonism sali)

70225-14-8 {diethanolamine salt)

2795-38-3 {[potassium sall)

29457-72-5 (lithium salt)

[Note: perfuorcoclanoate anion does nof have a specific CAS number]
Synonyms: PFOS, Perflusrooctane sulfonic acid

BDHM conducted a focused re-svaluption, which relied heavily upon EPA’s hazard assessment
and key study identification cortalned within the EPA Health Effects Bupport Document for
Perfluorooctane Sulfonate (PFOS) released in May 2018 (EPA 2018a). 4 complete evaluation of
the toxicological literature was not conducted,

Shortderm, Subchronie and Ghronic® - Non-Cancer Health Based Value (nHBV) = 0027 pgil.™

*Due to the highly bieacnumulative nature of PFOS ard buman hali-life of nearly 5.4 years, serum concentrations
are the most appropriate dose metric and the standard equation 1o derive the HEBY was not appropriate. Short
term exposures have the potential to stay in the body for an exiended period of time. Therefore a single HBY has
been recammendad for short-derm, subchronie, and chronic durations. The 2017 MBV was derived using 8
roicokingts (TR made! developed by MDM with input from an externgl peer ravisw panel, Mode! details are
presented balow,

" Relative Souwrce Contribution (REC): based on current biomoniforing serum concantrations from local and
national general populations o represent non-water exposiuras, an REG of 0.5 (B0%) was selected for waler
ingestion,

intake Rate; In keeping with MDH's practics, 85 percantile water intake rates (Table 3-1 and 3-3, USEPA 2011}

or upper percerdile breastmitk intake rates (Table 15-1, USERA 2011) wers used. Breastmilk concentrations ware
paiculated by multiplying the maternal serum conceniration by g PFOS breastmilk tansfer factor of 1.3%. Forthe

breast-fed infant exposure scanarnio, a period of exclusive breastfeeding Tor one vear was used a8 reprasentative

of & reasormble maximurm sxposure scerario.

A simple sgualion is typically used to caloulate HBVS at the part per billion level with resulls rounded 1o one
signifivant digit, However, the toxdookinatie mods! used fo derive the HBY for PFOS showed that serum
concenirations ware impacied by changes In water concentrations at the part per frillion level As a result, the
2017 HBY containg twe digits.

Reference Doss/Concentration:  HED/ Total UF = 0.00051400 = 0.0000051 mg/kg-d
(CrECDSINGE VAF Rats). [The corresponding serum
concentration /s 6. 2687100 = 0.0683 mg/l. Note: this serum
conceniration is inapproprisle fo use for individuai
assessment. ™}

Source of odoity value,  Delermingd by MDH In 2007
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Point of Departure (PODY:  6.26 mg/l serum concentration (EPA 201 Ba prediciad
average serum concentration for F2 generation. NOAEL
from Lusblker et al 20080
Dose Adjustment Factor (DAF) 0.000081; Toxicokinetic Adjustment based on Chemical
Spacific Clearance Rate = Volume of Distribution (Lkg x
{Lnd/Hali-life, days) = 0.23 Lig x (08831871 days) =
0000081 Likg-day (US EPA 2018a8)
Human Equivalent Dose (MDH, 2017 POD x DAF = 828 mg/L x 0.000081 Likgiday = 0.00051
mag/kg-day
Total ungertainty factor (UF): 100
Lincertainty factor alfocatiors 3 for interspedies differences {for lokicodynamics), 10 for
intraspacies variability and 3 for databazs unceriainty
{zdditional studies regarding immunoioxicity are
warraniad)
Critical effectis),  Decressed pup body weight
Co-critical effect{s):  In offspring exposed during development: delaved sye
opening, incressed sternal defects, changes in lung
development, decreased giuconse tolersncs, incressed
motor activity and decreased habilustion, decressed levels
of thyroxine (T4), and decreased survival.
I adull animals; iver waight changes atecompanied by
changess i cholesters! lpvels and histology; decreased
levels of thyroxing (T4); decrsased SRBC response,
increasad MK cell activily, decreased spleen and thymus
weight and cellularity
Additivity endpoini(s)  Developmental, Hepatic (Liver) system, Immune system,
Thyroid {E)
& Serum concentration s uselil for informing public health policy and Interprating population-based exposuses. This value is

pased on popldation-hased parametars and should not be used ko dinicsl asgessmant or for interpreting ssaum favls in
individuals.

Toxicokinetic Mode! Description:

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

Daose ( E ;ﬁay)

my

Serum Concentration (wm -

Clewrance Rate (.&: iy @)

Where:

Dose (mykg-dayl = Waler or Breasimilk Infake (LAg-dayl x Level in Walsr or Braastmik (gl
st

Clearante (Likg-o} = Volume of distnbution (L) x (Lo Shaltiife daysl)

Two axposure scenarios wers axamined: 1) an infant fed with formula reconstiluted with contaminated
water starting at birth and continuing ingestion of contaminated water through life; and 23 an infant
aexciusively breast-fed for 12 months, followad by drinking contamingted water, In both scensrios the
simutated individuals began life with 2 pre-existing body burden through placental transfer of PFOS
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(maternal serum conceniration x 48%) based on average cord to maternal serum concentration ratios
reporfed in the lilerature. The serum concentration of the mother at delivery was assumed o be at
steady-state,

Congistent with MUH methodology, 95 percentile water intake and upper percantile breastmilk intake
rates were used to simulate a reasonable maximum exposed individual, A PFOS breastmilk transfer
factor of 1.3%, based on average bregstmilk fo maternal serurm concentration ratios reported v the
terature, was used to calculate breastmilk concentration. According to the 2016 Breastfeeding Report
Card (COC, 2018}, nearly 86 percent of mothers in Minnesola report breastfeeding at six months, with
31.4 percent exclusively breastfeeding. The percent breasifeeding dropped 1o 41% atl twelve months.
MDH selected an exclusive breastfeeding duration of one vear for the breast-fad infant scenario.

Dizily post-elimination serum concentration was caloulated as

. -mg} Today's intake(mg) o o

~ * ‘Y : :
Serum Cong. ({} = | Provw, doy Serum Cone., {{ i i
& . 1 v, (Tm} x BW (kg

To maintain mass balance, daily maternal serum concentrations and loss-ob-chemical via transfer lo the
infant as well as excretion represented by the clesrance rate, ware calouinted.

Summary of Mode! Parameters

Mode! Parameter Vahue Used
Haif-life 1971 days (US EPA 2018¢)
Volume of distribution {(Vd) 3.23 Likg (US BERPA 2016)
Vi Age Adiustment Factor 2.1 age 1-30 days decreasing to 1.2 age 510 years and 1.0
after age 10 years (Frils-Hansen 19871)
Clearance Rate (CR) 3.000081 Likg-d, caloulated from Vd x {Ln 2/half-life)
Pacantal transfer factor 6% (MDH 20170

(% of maternal ssrum lavel)

Breastmilk fransfer facltor 1.3% (MDH 2017w

(% of maternai serum lgvel)

Water Intake Rate {Likg-d} 845% percentite consumers only (default values, MDH 2008)
{Table 3-1 & 3-3, USEPA 2011}

Breastmilk Intake Rate (L-kg-d) Upper parcentile exclusively breast-fed infants (Table 15-1, US
ERA 2011}

Buody weight (kg Calculated from water intake and breastmilk intake rate tables
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A relative scurce contribution factor (RSQ) is incorporated into the derivation of a health-based water
guidance value to account for non-water exposures. MDH utilizes the Exposure Decision Tree process
prasarted in US EPA 2000 1v derive appropriste RECs. MDH relied upon the percentage method to
reflect relative portions of water and norvwater routes of exposure. The values of the duration specific
defaull RECs (0.5, 0.2, and 0.2 for short-term, subchronic, and chyonic, respectively) are baged on the
magnitude of contribution of these other exposures that ocour during the relevant xposurs duration
(RADDH 2008}, Howaver, in the case of PFOS, application of an RS0 needs 1o sccount Tor the long
elimination half-life, such that a persor’s serum concentration at any given age is not only the result of
fis of ber curent oF recent exposures within the duration of concern, but also from exposure from years
past

Serum concantrations ars the best measure of cumulative exposure and can be used i place of the
RID in the Decision Tree process. Biomonitoring results from new residents who were not historically
grposed 1o contaminated water inthe East Matro can be used {0 represent non-waler exposures
{Melson, 2018}, The serum concantrations in these residents were similar in magnitude 1o those for the
general public reported In the most recent Nations! Report on Humary Exposurs to Environmental
Chemicals (CDC 2017). MDH selected an REC of 50% for exposure from water ingestion based on

o A high-end, conservative estimate of background, non-water exposures represented by the 95"
paroentile serum concentration for new East Metro residents (0,021 mg/l serum], and

s The USEPA Dscision Tree RS ceiling of 80% to ensura a margin of safety to account for
possible unknown sources of exposure

As mantioned above, two sxposure scenarios were examined: 1) an infant fed formula reconstituted
with contaminated water starting at birth and continuing ingestion of contaminated water through life;
and 2) an infanrt axclusively breast-fed for 12 months, followed by drinking contaminated water through
fife.

For the first scenario, the formula<fed infant, the water concentration thet maintains a serum
concentration attributable to drinking water below an REC of 50% throughout life is 0.060 ug/l..
Because of the long half-life, the serum concentration curve is very flat and even a small increment
increase in the water concentration {0.081 ug/L) raises the serum concentration above the 50 perocent
thrashold for nearly 9 vaars.

PECS Sarwm Conoantrgdon, Farmuls Fad Scenarin, B5th pereantile intebe saty, watarcone, S08Cughl

(R e

Serurs concentrtinn, gl

R s
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Applying this water concentration of 0,080 pg/l in the context of & breast-fed infant resulted in not only
an excsedance of the 50% RSO threshold, but of the entire reference serum concentration for more
than one yvear. In order to maintain a serum concentration &l or below an REC of 50% for breast-fed
infanis, the water concantration should not exceesd 0027 ugil.

Breast-fed Soenaris {Upper Mie IRY PRDS Serurs Concentratbons ot Warer Conssevtration 0027 wgfl

pReEs . i
[ i ki 3t 33 34

Ags lynarg)

Due to chroric bioaccumulstion in the mother and subsequent transfer 1o breastmilic the breast-fed
irfant exposure scenario is the most limiting scenario in terms of water concentrations. To ensure
protection of 2l segments of the population, the final health-based value for PFOS is set at 0.027 ug/l.

Cancer Health Based Value (cHBY) = Not Applicable
Cancer classification:  Suggestive Evidence of Carcinogenic Potential (EPA
2016h)
Slope factor (5F).  Not Applicable
Source of cancer siope factor (8F)  Not Applicable
Tumor siteds):  Liver and thyrold tumors were identifisd in both control and

gxposed animals at levels that did not show a direct
rejationship (o dose.

Yolatiles: No

Burmmary of Guidance Yalue Histony:

A chronic nHBV of 1 pg/dl was first derived in 2002, A revised chronic nHBY of 0.3 pg/L was derivad in
2007 and promudgated as an nHRL in 2008, In 2018, EPA released a Health Advisory of Q.07 pgd. for
PFOS, MOH conducted a re-evaluation and derived a revised nHBYV (applicable to al durations) of
0.027 ug/l. in 2017 The 3017 nHBV is lower thar the previous valua as the result of 1} incorporating
the most recent toxicological information and 2) chemical-spacific exposure concerns from breastmilk.
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Summary of toxicity testing for health effects identified In the Health Standards Statute (44,0781

Evwan if testing for a spesific haalih effect wax not conducted for this chemical, information about that effect might be avallalde
from studies conducted for other purposes. MU has sonsidensd the following information in developing health protaciive
gitidance.

Endocrine Immunotoxicity | Development | Reproductive | Neurptoxisity

Tested for , . B _

Tested | - ) Vo
specific effect? Yes Yes es Yes Yes
Effects ot o T » -
ohaerved? Yes Yes Yoz Yes Yey

LComments on extent of testing or effects:

{Node: MRH conducted a focused re-evaluation which refled upon EPA's hazard assessment and key study
fdentification (EFA 20188). A complete evaluation of the oxicclogical erature was not conductad ]

! Numerous human epidemiciogical studies have evaluated thyroid hormone levels and/or thyroid
disease in association with serum PFOE. Resulls from these studies have provided limited support for
an association. Strongsr associations were found in populations at risk for iodine deficlency or positive
ant-TPO antibodies (& marker Tor autcimmune thyrold disease).

Studiasg in laboratory animals have reporled decreased serum thyroid levels, in parficular, thyraxin (T4)
in offspring and adult animals at exposure lavels similar in magnitude to the critical effect. Decreased
T4 has bean identifisd as a co-oritical effact and Thyroid hag been identifled as an Additivity Endpoint,

¢ A few human epidemiology studies have evaluated associations between immunosuppression
measures and serum PEQS. However, no clear assoclations were reporied belwean serum PFOS and
rates of infectious diseass.

Studies in lsboratory animals have shown that PFOS exposure aliers several immunclogic messures
{e.g., suppression of SREC response, and/or increased natural killer cell activity). Some of these
gffects ovour at exposures levels similar 1o the PO As o result the immung systern has been identifiad
as an Additivity Endpoint and a database uncertainty factor has been incorporated into the derivation of
the R

¥ Human epidemiclogy studies have suggested an association between prenatal PFOS serum levels
and lower birth weight, however, this association has not been consistent.

Studies conducted in aboratory animals bave dentified several sensitive developmenial effects.
Decreased pup body weight appears 1o be among the most sensitive effects and, in part, forms the
basis of the Reference Dose and carresponding serum conceniration of concern, A imited number of
studies have also reported changes in male reproductive development and changes in energy
metaboliam {2.q., glucose levels, lipid metaboliam) following exposure during development. Additional
effects, including increased pup death, were observed at higher exposure levels,

* A small number of human epidemiology studies have reported an association between preconception
serum PFOS and gestational diabstes and pregnancy-induced hypertension. There has alzo bean
some evidence of associations betwaen serum FFOE and decreased fertibty, however, concerns have
bean raised over the possibility that this & dus to reverse causation.
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Studies in laboratory animals do not indicate that fertility is a sensitive endpoint, with decreases in male
reproductive crgans weights, decreased epididymal sperm count, and evidence of disruption of the
Bood-testes-barrier ocourring at exposure levels higher than those causing developmental foxicity (see
sbove). Thereforg, the RID would be protactive of these effscts,

* Developmental neurotoxicity and adult neuratoxicity studies have been conductad in laboratory
animals. increased mplor activity and decrsased habituation of male offspring was reported following
gestalional and lactational exposure at levels similar to the oritical effect and have been included as co-
gritical effects. These effects are encompassed by the Developmental Additivity Endpoint. Results from
studies using water maze tesis for leaming and memory in animals exposed during development or as
adulls have yielded inconsistent results or effecis st higher dose levels.

Resources Consulted During Review:

Wote: MOH conducted a focused re-avaluation which refled vpon EPA's hazard assessment and key
studly identification (ERA 2018a). A cornplste evaluation of the toxicolagical iterature was not
conductet]}

ASTSWMO (2015). Association of State and Territory Solid Waste Management Officials,
Ferfluorinated Chemicals {(PFCs): Perfiuorocctannic Acld (PFOA) & Perflusrocctans Sulfonate (PFOS)
Information Paper.

ATSDR. (2015). "Agency for Toxic Substances and Disease Registry. Draft Toxicological Profile for
Perfluoroalkyls.” Retrieved August 15, 2015, from hitp /v alsdr.cde. govitoxprofiiesfn200.puf.

Australian Health Protection Principal Commitise. enHealth. (2018), "enHealth Statement: Interim
national guidance on human health reference values for per- and poly-flucrealkyl substances for use in
site nvastigations by Australia,” from

Bijtarwd, 8., PCN Rensen, Bl Pieterman, ACE Mass, JW van der Hoorn, MJ van Erk, KW van Dik, 8C
Chang, DJ Ehresman, JL Butenhoff, MMG Princen, {2011). "Perfluoroalky] Sulfonates Cause Alkyl
Chain Length-Dependent Hepatic Steatosis and Hypolipidemia Mainly by Impairing Lipogrotein
Production in APOE"3-Leiden CETP Mice." Toxicological Sciences 123(1) 200-303.

Butenhoff, 1., SC Chang, GW Olsen, PJ Thomford, (2012). "Chronic dietary toxicity and carcinogenicity
study with potassium perflucrocctane sulfonate in Sprague Dawley rats.” Toxicology 2830 115,
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COC {2018). Centers for Disease Control and Prevention. Breastfeeding Report Card.

CDC (2017). Centers for Disease Control and Prevertion (CDC), Fourth Nationa! Report on Human
Exposura to Envirormantal Chemicals. Undated Tables, January 2017, Volume One.

Chang, §., BO Allen, KL Andres, D Ehresman, R Falvo, A Provencher, GW QOlsen, JL Butanhoff,
{2018). "Evaiuation of serum lipkd, thyroid, and hepetic clinical chemisiries in association with serum
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Exposure Solence and Environmental Epidemiclogy, 21: 150-1€8.

Frils-Hanzsen, B, (1981, Body Water Compartments in Childrery Changes During Growlh and Related
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Compounds (PFGs)” Environmental Science & Tachnology 44 7123-7128
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Health Canada (2010). Drinking Water Guidance Value Perfluorooctane sulfonate (PFOS).

Mealth Canada. (2016a). "Mealth Canada's Drinking Water Screening Values for Perfluoroatkylated
Substances (PFAS)" Retreved May 27, 2016, fram
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