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Toxicological Summary for: Perfluorooctanoic Acid
CAS: 335-67-1(free acid)

335-66-0 (acid fluoride)
3825.26-1 (ammonium salt, APFO)
2395-00-8 (potassium salt)
335.93-3 (silver salt)
335-95-5 (sodium salt)
[Note: perfluorooctanoate anion does not have a specific CAS number]

Synonym: PFOA

MDH conducted a focused re-evaluation which relied heavily upon EPA's hazard assessment
and key study identification contained within the EPA Health Effects Support Document for
Perfluorooctanoic Acid (PFOA) released in May 2016 (EPA 2016a). A complete evaluationofthe
toxicological literature was not conducted.

Shortterm, Subchronic and Chronic*- Non-Cancer Health Based Value (HBV) = 0.035 ug/L"
“Due to the highly bioaccumulative nature of PFOA and human hall-ife of approximately 2-3 years, serum
concentrations are the mos! appropriate dose metric and the standard equation to derive the HBV was nol
appropriate. Short-term exposures have the potential to stay in the body for an extended periodof time. Therefore
a single HBV has been recommended for shorterm, subchtonic, and chronic durations. The 2017 HBV was
derived using a toxicokinetic TK) model developed by MDH with input from an extemalpeerreview panel. See
details about the model presented below.
“Relative Source Contribution (RSC): based on current biomonitoring serum concentrations from local and
national general populations to represent non-water exposures, an RSC of 0.5 (50%) was selected for water
ingestion
Intake Rate: In keeping with MDH's practice, 95° percentile water intake rates (Table 3-1 and 3.3, USEPA 2011)
or upper percentie breastmilk intake rates (Table 15-1, USEPA 2011)were used. Breastmilk concentrations were
calculated by mullplying the matema serum concenration bya PFOA breastmilk transfer actorof 5.2%. The
intake rates and breastfeeding period of one year were used as representative of a reasonable maximum
exposure scenario,
MOH typically uses a simple equation to calculate HBV at the part per billn level wilh result rounded fo one
significant digit. However, the toxicokinetic model used to derive the HBV for PFOA showed that serum
concentrations were impacted by changes in water concentrations at the part per on level. As a resul he
HBV contains two digits,

Reference Dose/Concentration: HED/Total UF = 0,0053/300=0.000018 mg/kg-d (CD-1
Mice). [The corresponding serum concentrationis 38/300 =
0.13 mg/L(orpg/mL). NOTE: this serum concentration is
inappropriate o use for individual assessment. **]

Source of toxicity value: Determined by MDH in 2017
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Synonym: PFOA 

MDH conducted a focused re-evaluation which relied heavily upon EPA ’s hazard assessment 
and key study identification contained within the EPA Health Effects Support Document for 
Perfluorooctanoic Acid (PFOA) released in May 2016 (EPA 2016a). A complete evaluation of the 
toxicological literature was not conducted. 

Short-term, Subchronic and Chronic* - Non-Cancer Health Based Value (nHBV) = 0.035 pg/L** 

*Due to the highly bioaccumulative nature of PFOA and human half-life of approximately 2- 3 years, serum 
concentrations are the most appropriate dose metric and the standard equation to derive the HBV was not 
appropriate. Short-term exposures have the potential to stay in the body for an extended period of time. Therefore 
a single HBV has been recommended for short-term, subchronic, and chronic durations. The 2017 HBV was 
derived using a toxicokinetic (TK) model developed by MDH with input from an external peer review panel. See 
details about the model presented below. 

**Relative Source Contribution (RSC): based on current biomonitoring serum concentrations from local and 
national general populations to represent non-water exposures, an RSC of 0.5 (50%) was selected for water 
ingestion. 

Intake Rate: In keeping with MDH’s practice, 95th percentile water intake rates (Table 3-1 and 3-3, USEPA 2011) 
or upper percentile breastmilk intake rates (Table 15-1, USEPA 2011) were used. Breastmilk concentrations were 
calculated by multiplying the maternal serum concentration by a PFOA breastmilk transfer factor of 5.2%. The 
intake rates and breastfeeding period of one year were used as representative of a reasonable maximum 
exposure scenario. 

MDH typically uses a simple equation to calculate HBVs at the part per billion level with results rounded to one 
significant digit. However, the toxicokinetic model used to derive the HBV for PFOA showed that serum 
concentrations were impacted by changes in water concentrations at the part per trillion level. As a result, the 
HBV contains two digits. 

Reference Dose/Concentration: 

Source of toxicity value: 

HED/Total UF = 0.0053/300=0.000018 mg/kg-d (CD-1 
Mice). [The corresponding serum concentration is 38/300 = 
O. 13 mg/L (or pg/mL). NOTE: this serum concentration is 
inappropriate to use for individual assessment. ***] 
Determined by MDH in 2017 
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Point of Departure (POD): 38 mo/L serum concentration (EPA 2016 predicted
average serum concentration for matemal animals from
Lau et al 2006)

Dose Adjustment Factor (DAF): 0.00014; Toxicokinetc Adjustment based on Chemical-
Specific Clearance Rate = Volume of Distribution (Lig) x
(Ln2/HalfIfe, days) = 0.17 kg x (0.693/840 days) =0.00014 Uikg-day (US EPA 20168)

Human Equivalent Dose (HED): POD x DAF = 38 mgL x 0.00014 Lkg/day = 0.0053
mghkg-day

Total uncertainty factor (UF): 300
Uncertainty factor allocation: 3 for interspecies diferences (fo toxicodynamics); 10 for

intraspecies variabilt. With the exception of accelerated
preputial separation (PPS), the effects observed at the
LOAEL were mid. A LOAEL-to-NOAEL uncertainty factor
of 3 was used, along with a database uncertainty factor of
3 or the lackofan acceptable 2-generation study.

Gita effec(s): Delayed ossification, accelerated PPS in male offspring,
trend for decreased pup body weight, and increased
maternal liver weight

Co-crical effects): In offspring exposed during development: changes in iver
weigh, histology. and triglycerides, and delayed mammary
gland development.
In adult animals: liver weight changes accompanied by
changes in iver enzyme levels, changes in triglyceride and
cholesterol levels, and microscopic evidence of celuar
damage, decreased spleen weight, decreased spieen
lymphocytes, and decreased lg response, and kidney
weight changes.

Additiity endpoint(s): Developmental, Hepatic (Liver) system, Immune system,
and Renal (Kidhey) system.

= Sarum concentration is ust or inoring public heath poly and interpreting population-based exposures Thi valuesated on popultionased praTerrs nd Shou or 5 used fr CHR)sees0 of Merreing sou elpos

Tosicokinetic Model Description
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 concentrations.

mg Dose (545)Serum Concentration (1) = ———0007
7 cearance rate (55-Ers)
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Point of Departure (POD): 

Dose Adjustment Factor (DAF): 

Human Equivalent Dose (HED): 

Total uncertainty factor (UF): 
Uncertainty factor allocation: 

Critical effect(s): 

Co-critical effect(s): 

Additivity endpoint(s): 

38 mg/L serum concentration (EPA 2016a predicted 
average serum concentration for maternal animals from 
Lau et al 2006) 
0.00014; Toxicokinetic Adjustment based on Chemical- 
Specific Clearance Rate = Volume of Distribution (L/kg) x 
(Ln2/Half-life, days) = 0.17 L/kg x (0.693/840 days) = 
0.00014 L/kg-day (US EPA 2016a) 
POD x DAF = 38 mg/L x 0.00014 L/kg/day = 0.0053 
mg/kg-day 
300 
3 for interspecies differences (for toxicodynamics); 10 for 
intraspecies variability. With the exception of accelerated 
preputial separation (PPS), the effects observed at the 
LOAEL were mild. A LOAEL-to-NOAEL uncertainty factor 
of 3 was used, along with a database uncertainty factor of 
3 for the lack of an acceptable 2-generation study. 
Delayed ossification, accelerated PPS in male offspring, 
trend for decreased pup body weight, and increased 
maternal liver weight 
In offspring exposed during development: changes in liver 
weight, histology, and triglycerides, and delayed mammary 
gland development. 

In adult animals: liver weight changes accompanied by 
changes in liver enzyme levels, changes in triglyceride and 
cholesterol levels, and microscopic evidence of cellular 
damage, decreased spleen weight, decreased spleen 
lymphocytes, and decreased IgM response, and kidney 
weight changes. 
Developmental, Hepatic (Liver) system, Immune system, 
and Renal (Kidney) system. 

*** Serum concentration is useful for informing public health policy and interpreting population-based exposures. This value is 
based on population-based parameters and should not be used for clinical assessment or for interpreting serum levels in 
individuals. 

Toxicokinetic Model Description: 

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 concentrations. 
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Where:
Dose (mghg-day) = Water or Breastmil Intake (Lida) x Love in Water or Broastmil (moll)
ana
Clearance (Lkg-d) = Volumeofdistribution (L/kg) x (Ln 2/half-iife (days))Two exposure scenarios were
‘examined: 1) an infant fed with formula reconstituted with contaminated water starting at birth
and continuing ingestionof contaminated water through life; and 2) an infant exclusively breast-
fed for 12 months, followed by drinking contaminated water. In both scenarios the simulated
individuals began fe with a pre-existing body burden through placental ransfer (maternal
‘serum concentration x 87%) based on average cord to maternal serum concentration ratios
reported n the lterature. The serum concentrationof the mother at delivery was assumed to be
at steady-state

Consistent with MDH methodology, 95 percentile water intake and upper percentile breastmilk intake
ates were used to Simulate a reasonable maximum exposed individual. A breastmilk transfer factor of
5.2%, based on average breastmilk to maternal serum concentration ratios reported in the literature,
was used to calculate breastmilk concentration. According to the 2016 Breastieeding Report Card
(CDC 2016) nearly 66 percent of mothers in Minnesota report breastfeeding at six months, with 31.4
percent exclusively breastfeeding. The percent breastieecing cropped to 41%attwelve months. MDH
‘selected an exclusive breastfeeding duration of one year for the breast-fed infant scenario.

Daily post-elimination serum concentration was calculated as:

my Today's Intake (m,serum Cone. (22) = prev. day serum cone, (12) § Todosnicker),
L Ly, &) x BW(kg)5

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

Model Parameter Value Used
Half-life 840 days (US EPA 2016a)

Volume of distribution (Vd) 0.17 Lkg (US EPA 2016a)

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) 0.00014 Lkg-d, calculated from Vd x (Ln 2/half-life)

Placental transfer factor 87% (MDH 20175)
(%ofmaternal serum level)
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Where; 

Dose (mg/kg-day) = Water or Breastmilk Intake (L/kg-day) x Level in Water or Breastmilk (mg/L) 

and 

Clearance (L/kg-d) = Volume of distribution (L/kg) x (Ln 2/half-fife (days))Two exposure scenarios were 
examined: 1) an infant fed with formula reconstituted 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. In both scenarios the simulated 
individuals began life with a pre-existing body burden through placental transfer (maternal 
serum concentration x 87%) based on average cord to maternal serum concentration ratios 
reported in the literature. The serum concentration of the mother at delivery was assumed to be 
at steady-state. 

Consistent with MDH methodology, 95th percentile water intake and upper percentile breastmilk intake 
rates were used to simulate a reasonable maximum exposed individual. A breastmilk transfer factor of 
5.2%, based on average breastmilk to maternal serum concentration ratios reported in the literature, 
was used to calculate breastmilk concentration. According to the 2016 Breastfeeding Report Card 
(CDC 2016) nearly 66 percent of mothers in Minnesota report breastfeeding at six months, with 31.4 
percent exclusively breastfeeding. The percent breastfeeding dropped to 41% at twelve months. MDH 
selected an exclusive breastfeeding duration of one year for the breast-fed infant scenario. 

Daily post-elimination serum concentration was calculated as: 

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 

Model Parameter Value Used 

Half-life 840 days (US EPA 2016a) 

Volume of distribution (Vd) 0.17 L/kg (US EPA 2016a) 

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) 0.00014 L/kg-d, calculated from Vd x (Ln 2/half-life) 

Placental transfer factor 87% (MDH 2017b) 

(% of maternal serum level) 
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Model Parameter Value Used

Breastmik transfer factor 5.2% (MDH 20170)
(% of maternal serum level)

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

Breastmilk Intake Rate (L*kg-d) | Upper percentie exclusively breast-fed infants (Table 15-1, US
EPA 2011)

Body weight (ka) Calculated from water intake and breastmilk intake rate tables

A relative source contribution factor (RSC) is incorporated into the derivation of a health-based water
guidance value to account for non-water exposures. MDH utiizes the Exposure Decision Tree process
presented in US EPA 2000 to derive appropriate RSC. MDH relied upon the percentage method to
reflect relative portions of water and non-water routes of exposure. The values of the duration-specific
default RSC (0.5, 0.2, and 0.2 for short-term, subchronic, and chronic, respectively) are based on the
‘magnitude of contribution of these other exposures that occur during the relevant exposure duration
(MDH 2008). However, in the case of PFOA, application of an RSC needs to account for the long
elimination half-life, such that a person's serum concentration at any given age is not only the result of
his or her current of recent exposures within the duration of concern, but also from exposure from years
past
‘Serum concentrations are the best measure of cumulative exposure and can be used in placeof the
RID in the Decision Tree process. Biomonitoring results for the general public reported in the most
recent National Report on Human Exposureto Environmental Chemicals (COC 2017) can be used to
represent non-water exposures. MDH selected an RSC of 50% for exposure from water ingestion
based on:
«A high-end, conservative estimate of background, non-water exposures represented by the 95"

percentile serum concentration from 2013-14 NHANES (0.00557 mg/L serum), and
«The USEPA Decision Tree RSC ceiling of 80% to ensure a margin of safety to account for

possible unknown sources of exposure

As mentioned above, two exposure 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 infant exclusively breast-fed for 12 months, followed by drinking contaminated water through
ie,

For the first scenario, the formula-fed infant, the water concentration that maintains a serum
concentration attributable to drinking water below an RSC of 50% throughout Ife is 0.15 pg/L. Because
of the long half, the serum concentration curve is very fiat and even a small increment increase in
the water concentration (0.16 g/L) raises the serum concentration above the 50 percent threshold for
over a year.
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Model Parameter Value Used 

Breastmilk transfer factor 5.2% (MDH 2017b) 

(% of maternal serum level) 

Water Intake Rate (L/kg-d) 95th percentile consumers only (default values, MDH 2008) 
(Table 3-1 & 3-3, USEPA 2011) 

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

Body weight (kg) Calculated from water intake and breastmilk intake rate tables 

A relative source contribution factor (RSC) 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 
presented in US EPA 2000 to derive appropriate RSCs. MDH relied upon the percentage method to 
reflect relative portions of water and non-water routes of exposure. The values of the duration-specific 
default RSCs (0.5, 0.2, and 0.2 for short-term, subchronic, and chronic, respectively) are based on the 
magnitude of contribution of these other exposures that occur during the relevant exposure duration 
(MDH 2008). However, in the case of PFOA, application of an RSC needs to account for the long 
elimination half-life, such that a person’s serum concentration at any given age is not only the result of 
his or her current or recent exposures within the duration of concern, but also from exposure from years 
past. 

Serum concentrations are the best measure of cumulative exposure and can be used in place of the 
RfD in the Decision Tree process. Biomonitoring results for the general public reported in the most 
recent National Report on Human Exposure to Environmental Chemicals (CDC 2017) can be used to 
represent non-water exposures. MDH selected an RSC of 50% for exposure from water ingestion 
based on: 

¯ A high-end, conservative estimate of background, non-water exposures represented by the 95 h 
percentile serum concentration from 2013-14 NHANES (0.00557 mg/L serum), and 

¯ The USEPA Decision Tree RSC ceiling of 80% to ensure a margin of safety to account for 
possible unknown sources of exposure 

As mentioned above, two exposure 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 infant exclusively breast-fed for 12 months, followed by drinking contaminated water through 
life. 

For the first scenario, the formula-fed infant, the water concentration that maintains a serum 
concentration attributable to drinking water below an RSC of 50% throughout life is 0.15 IJg/L. Because 
of the long half-life, the serum concentration curve is very flat and even a small increment increase in 
the water concentration (0.16 IJg/L) raises the serum concentration above the 50 percent threshold for 
over a year. 
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Formula-fed Scenario (35% tile) PFOA Serum Concentration at Water Concentration 0.15 g/L
EE

foe

Heyes)

Applying this water concentration of 0.15 g/L. in the context of a breast-fed infant resulted in not only
an exceedance of the 50% RSC threshold, but of the entire reference serum concentration for more
than four years. In order to maintain a serum concentration at of below an RSC of 50% for breast-fed
infants, the water concentration should not exceed 0.035 ug/L.

rest fed Scenario (Upper tile) PFOA Serum Concentration at Water Concentration 0.035 g/L

Foo
i
i
fom
Jo

Heyer)

Due to chronic bioaccumulation in the mother and subsequent transfer to breastmilk, the breast-fed
infant exposure scenario is the most imiting scenario in terms of water concentrations. To ensure
protection of all segments of the population, the final heath-based value for PFOA is set at 0.035 ug/L.

Cancer Health Based Value (cHBV) = Not Applicable
Cancer classification: Suggestive Evidence of Carcinogenic Potential (EPA

2016b)
Slope factor (SF): Not Applicable. [EPA derived a slope factor of 0.07 (mg/kg-

d)". However, this slope factor cannot be used to derive
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Formula-fed Scenario (95u’%tile) PFOA Serum Concentration at Water Concentration 0.15 pgiL 
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Applying this water concentration of 0.15 IJg/L in the context of a breast-fed infant resulted in not only 
an exceedance of the 50% RSC threshold, but of the entire reference serum concentration for more 
than four years. In order to maintain a serum concentration at or below an RSC of 50% for breast-fed 
infants, the water concentration should not exceed 0.035 IJg/L. 
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Breast-f:ed Scenario (Upper %tile IR) PFOA Serum Concentration at Water Concentration 0,035 FH~/L 

RSC 50% 
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0 IO 20 ~0 40 50 

Age {years) 

Due to chronic bioaccumulation in the mother and subsequent transfer to breastmilk, the breast-fed 
infant exposure scenario is the most limiting scenario in terms of water concentrations. To ensure 
protection of all segments of the population, the final health-based value for PFOA is set at 0.035 IJg/L. 

Cancer Health Based Value (cHBV) = Not Applicable 

Cancer classification: 

Slope factor (SF): 

Suggestive Evidence of Carcinogenic Potential (EPA 
2016b) 
Not Applicable. [EPA derived a slope factor of 0.07 (mg/kg- 
d)-~. However, this slope factor cannot be used to derive 
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quantitative guidance for PFOA because it was based on
body weight scaling rather than established chernical-
specific toxicokinetic differences ]

Source of cancer slope factor (SF): Not Applicable (see above)
Tumor site(s): ~ Leydig Cell Tumors”

“An increased incidence of Ley Cell Tumars (LCT) was observed in male rats MDH considersth existing database fo be
inadequatefoassessing carchogenicpotential of PFOA. No made of actions) (MOA) has been idenifed, however, PFOA
is not genotoxic and a hormonal cancer mechanism has been suggested.  ikely tha ie MOA(S) wouhaveatreshad
Leyeig cal turmrs are common nfats bu are in humans, In addition. heMOAfor LCTs in ras has questionable relevance
0 Numans (Cook 1999) (Stanbach 2015) Soma epidemiology tudes ropoted possi nk between PFOA and testicular
cancer in humans. Most humantesticularcancersare not Leydig cell furs and the type of testicular umor associated wih
PFOA in humans was no characterized in he published erature. MOH considers the hancancer-based voter guidance value
010.035 gl to be protective fo potential cancer efects, based on curently avaiable data

Volatile: No

‘Summary ofGuidanceValue History:
A chronic nHBV of7 g/L was first derived in 2002. A revised chronic nHBV of 0.3 g/L was derived in
2007 and promulgated as an nHRL in 2009. In 2016, EPA released a Health Advisory of 0.07 ug/L for
PFOA. MDH conducted a re-evaluation and derived a revised HBV (applicable to all durations) of
0.035 g/L in 2017. The 2017 HBV is lower than the previous value as the result of: 1) incorporating
the most recent toxicological information and 2) addressing chenical-specific exposure concerns from
breastmilk.

‘Summaryoftoxicity testing forhealtheffects identified in the Health Standards Statute (144.0751):
Even testing for a specific healt efectwas not conducted fortis chemical, information about that effet might be avaiable
from studes conducted fo oer purposes. MDH has considered te alowing infomation n developing health protective
guidance.
[TT Endocrine immunotoxicity |Development|Reproductive|Neurotoxicity]
Tested for
Jgechicerents

Effects 1 2 ) . sSo bl Yes' Yes’ Yes Yes’ Yes’

Comments on extentoftestingoreffects:
Note: MDH conducted a focused re-evaluation which relied upon EPA's hazard assessmentandKey study
Identification (EPA 20164). A complete evaluation ofthe toxicological erature was not conducted]

Three large epidemiological studies provide support for an association between PFOA exposure and
incidence or prevalenceof thyroid disease in female adults or children, but notin males. In addition,
associations between PFOA and Thyroid Stimulating Hormone (TSH) have aso been reported in some
populations of pregnant females. However, no significant associations were found between PFOA and
TSH or thyroid hormones (T4 or T3) in people who have not been diagnosed with thyroid disease.

Effects of PFOA on thyroid hormones in animals are generally not as well characterized as those of
PFOS. Reduced total and free T4 were reported in adult male rats and monkeys at serum levels > 500-
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Source of cancer slope factor (SF): 
Tumor site(s): 

quantitative guidance for PFOA because it was based on 
body weight scaling rather than established chemical- 
specific toxicokinetic differences.] 
Not Applicable (see above) 
Leydig Cell Tumors* 

*An increased incidence of Leydig Cell Tumors (LCT) was observed in male rats. MDH considers the existing database to be 
inadequate for assessing carcinogenic potential of PFOA. No mode of action(s) (MOAs) has been identified, however, PFOA 
is not genotoxic and a hormonal cancer mechanism has been suggested. It is likely that the MOA(s) would have a threshold. 
Leydig cell turmors are common in rats but rare in humans. In addition, the MOA for LCTs in rats has questionable relevance 
to humans (Cook 1999) (Steinbach 2015). Some epidemiology studies reported a possible link between PFOA and testicular 
cancer in humans. Most human testicular cancers are not Leydig cell tumors and the type of testicular tumor associated with 
PFOA in humans was not characterized in the published literature. MDH considers the noncancer-based water guidance value 
of 0.035 IJg/L to be protective for potential cancer effects, based on currently available data. 

Volatile: No 

Summary of Guidance Value History: 

A chronic nHBV of 7 IJg/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. In 2016, EPA released a Health Advisory of 0.07 IJg/L for 
PFOA. MDH conducted a re-evaluation and derived a revised nHBV (applicable to all durations) of 
0.035 IJg/L in 2017. The 2017 nHBV is lower than the previous value as the result of: 1) incorporating 
the most recent toxicological information and 2) addressing chemical-specific exposure concerns from 
breastmilk. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 

Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be available 
from studies conducted for other purposes. MDH has considered the following information in developing health protective 
guidance. 

Endocrine Immunotoxicity Development Reproductive Neurotoxicity 

Tested for 
Yes          Yes          Yes          Yes          Yes 

specific effect? 

Effects 
Yes1 Yes2 Yes3 Yes4 Yes5 

observed? 

Comments on extent of testing or effects: 

[Note: MDH conducted a focused re-evaluation which relied upon EPA’s hazard assessment and key study 
identification (EPA 2016a). A complete evaluation of the toxicological literature was not conducted.] 

1 Three large epidemiological studies provide support for an association between PFOA exposure and 
incidence or prevalence of thyroid disease in female adults or children, but not in males. In addition, 
associations between PFOA and Thyroid Stimulating Hormone (TSH) have also been reported in some 
populations of pregnant females. However, no significant associations were found between PFOA and 
TSH or thyroid hormones (T4 or T3) in people who have not been diagnosed with thyroid disease. 

Effects of PFOA on thyroid hormones in animals are generally not as well characterized as those of 
PFOS. Reduced total and free T4 were reported in adult male rats and monkeys at serum levels > 500- 
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fold higher than the serum level corresponding to the RID. However, these doses were the lowest
doses tested within the study and the dose-response relationship of serum total T4 with PFOA
exposure has yet tobefully evaluated. As a result the lowest effective dose remains unknown.

Other endocrine effects beyond thyroid have not been well-studied, and study results are not entirely
consistent. A few studies reported sperm abnormalities, decreased testosterone and increased
estradiol in male rats and mice at PFOA levels similar to those which form the basisof the RID,
whereas other studies only reported these effects at higher doses.

* Associations between prenatal, childhood, or adult PFOA exposure and risk of infectious diseases (as
a marker of immune suppression) have not been consistently seen in epidemiological studies, although
there was some indication of effect modification by gender (i., associations seen in female children
but not in male children). Three studies examined associations between matemal and/or child serum
PFOA levels and vaccine response (measured by antibody levels) in children and adults. The study in
adults reported that a reduction in antibody response to oneof the three influenza strains tested after
receiving the flu vaccine was associated with increasing levels of serum PFOA. While decreased
vaccine response was associated with PFOA levels in these studies, similar results were also observed
with other perfluorinated chemicals and, therefore, could not be attributed specifically to PFOA

Several animal studies demonstrate effects on the spleen and on thymus weights as well as decreased
immune response. These effects were observed at serum concentrations similar to the critical study
LOAEL. The immune systemis listed as one of the co-critcal effects and Additivity Endpoints.

> There have been numerous human epidemiological studies examining PFOA exposure and
developmental effects. Some studies reported an association between PFOA and birth weight, while:
others have not. Two epidemiological studies examined development of puberty in females in relation
to prenatal exposure to PFOA, however, the results of these two studies are conflicting.

Among the animal studies, decreased postnatal growth leading to developmental effects (e.g. lower
body weight, delayed eye opening, delayed vaginal opening, and accelerated preputial separation)
have been observed. These effects form the basisof the RID and were observed at serum
concentrations ~300-fold higher than the serum concentration corresponding to the RID.

Delayed mammary gland development in female mice exposed in utero has been reported. Qualitative
and quantitative scoring assessments have identified different thresholds for this effect. MDH had more
confidence in using quantitative measurements of mammary gland development and these measures
were used in identifying mammary gland development as a co-crtical effect. An additional study
evaluated the correlation between mammary duct branching patterns and the abilty to Support pup
growth through lactation. No significant impacts were found

Doses resulting in serum concentrations >700-fold higher than the serum concentration corresponding
tothe RD resulted in decreased neonatal survival

“ A series of studies in a high-exposure study population reported associations between PFOA
exposure and pregnancy-induced hypertension or preeclampsia. Limited data suggesta correlation
between higher PFOA levels in females and decreases in fecundity and fertiity, however, loss of body
burden via birth and lactation could impact this correlation. No clear effects of PFOA on male fertlty
endpoints have been identified.

Among the animal studies, there was no effect of PFOA on reproductive or fertiity parameters in female
ats. However, it should be noted that female rats have a very high elimination rate compared to male
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fold higher than the serum level corresponding to the RfD. However, these doses were the lowest 
doses tested within the study and the dose-response relationship of serum total T4 with PFOA 
exposure has yet to be fully evaluated. As a result, the lowest effective dose remains unknown. 

Other endocrine effects beyond thyroid have not been well-studied, and study results are not entirely 
consistent. A few studies reported sperm abnormalities, decreased testosterone and increased 
estradiol in male rats and mice at PFOA levels similar to those which form the basis of the RfD, 
whereas other studies only reported these effects at higher doses. 

2 Associations between prenatal, childhood, or adult PFOA exposure and risk of infectious diseases (as 

a marker of immune suppression) have not been consistently seen in epidemiological studies, although 
there was some indication of effect modification by gender (i.e., associations seen in female children 
but not in male children). Three studies examined associations between maternal and/or child serum 
PFOA levels and vaccine response (measured by antibody levels) in children and adults. The study in 
adults reported that a reduction in antibody response to one of the three influenza strains tested after 
receiving the flu vaccine was associated with increasing levels of serum PFOA. While decreased 
vaccine response was associated with PFOA levels in these studies, similar results were also observed 
with other perfluorinated chemicals and, therefore, could not be attributed specifically to PFOA. 

Several animal studies demonstrate effects on the spleen and on thymus weights as well as decreased 
immune response. These effects were observed at serum concentrations similar to the critical study 
LOAEL. The immune system is listed as one of the co-critical effects and Additivity Endpoints. 

3 There have been numerous human epidemiological studies examining PFOA exposure and 

developmental effects. Some studies reported an association between PFOA and birth weight, while 
others have not. Two epidemiological studies examined development of puberty in females in relation 
to prenatal exposure to PFOA, however, the results of these two studies are conflicting. 

Among the animal studies, decreased postnatal growth leading to developmental effects (e.g., lower 
body weight, delayed eye opening, delayed vaginal opening, and accelerated preputial separation) 
have been observed. These effects form the basis of the RfD and were observed at serum 
concentrations ~300-fold higher than the serum concentration corresponding to the RfD. 

Delayed mammary gland development in female mice exposed in utero has been reported. Qualitative 
and quantitative scoring assessments have identified different thresholds for this effect. MDH had more 
confidence in using quantitative measurements of mammary gland development and these measures 
were used in identifying mammary gland development as a co-critical effect. An additional study 
evaluated the correlation between mammary duct branching patterns and the ability to support pup 
growth through lactation. No significant impacts were found. 

Doses resulting in serum concentrations >700-fold higher than the serum concentration corresponding 
to the RfD resulted in decreased neonatal survival. 

4 A series of studies in a high-exposure study population reported associations between PFOA 

exposure and pregnancy-induced hypertension or preeclampsia. Limited data suggest a correlation 
between higher PFOA levels in females and decreases in fecundity and fertility, however, loss of body 
burden via birth and lactation could impact this correlation. No clear effects of PFOA on male fertility 
endpoints have been identified. 

Among the animal studies, there was no effect of PFOA on reproductive or fertility parameters in female 
rats. However, it should be noted that female rats have a very high elimination rate compared to male 
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rats or other species. Increased ful liter resorptions and increased stillbirths were observed in pregnant
mice exposed at serum concentrations >700-fold higher than the serum concentration corresponding to
the RID.

No evidence of altered testicular and sperm structure or function was reported in adult male rats
exposed to doses producing serum concentrations >350-fold higher than the serum concentration
corresponding to the RID. Increased sperm abnormalities and decreased testosterone have been
reported, buttypicallyat serum concentrations 100-fold higher than the serum concentration
correspondingto the RID.

& The human data pertaining to neurotoxicity (including neurodevelopmental effects) of PFOA are
limited, but do not indicate the presence of associations between PFOA and a varietyofoutcomes.
Epidemiology studiesofchildren found a weak statistical association between serum PFOA and
parental reports of ADHD.

Information from animal studies is also quite limited. The offspring of mice fed PFOA throughout
gestation had detectable levels of PFOA in their brains at bith. Locomotor activity, anxiety-related or
depression-like behavior, or muscle strength were not altered. Circadian activity tests revealed gender-
related differences in exploratory behavior patterns. These data suggest a need for addtional studies to
fully understand the neurological effects of PFOA

Resources Consulted During Review:
[Note: MDH conducted a focused re-evaluation which relied upon EPA's hazard assessment and keystudy
identification (EPA 20163). A complete evaluation ofthe toxicological erature was not conducted ]

ASTSWMO (2015). Assocation of State and Territory Solid Waste Management Officials.
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Australian Health Protection Principal Commitee, e. (2016). "eHealth Statement: Interim national
guidance on human health reference values for per- and poly-fluoroalkyl substances for use in site
investigationsin Australia." from
hito:/Awww health nsw.gov au/environmentfactsheets/Documents/pfas-interin-health-values-ahppe, pdf,

Butenhoff, J, G Costa, C Elcombe, D Farrar, K Hansen, H Iwai, R Jung, G Kennedy Jr, P Lieder, G
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rats or other species. Increased full litter resorptions and increased stillbirths were observed in pregnant 
mice exposed at serum concentrations >700-fold higher than the serum concentration corresponding to 
the RfD. 

No evidence of altered testicular and sperm structure or function was reported in adult male rats 
exposed to doses producing serum concentrations >350-fold higher than the serum concentration 
corresponding to the RfD. Increased sperm abnormalities and decreased testosterone have been 
reported, but typically at serum concentrations 100-fold higher than the serum concentration 
corresponding to the RfD. 

5 The human data pertaining to neurotoxicity (including neurodevelopmental effects) of PFOA are 

limited, but do not indicate the presence of associations between PFOA and a variety of outcomes. 
Epidemiology studies of children found a weak statistical association between serum PFOA and 
parental reports of ADHD. 

Information from animal studies is also quite limited. The offspring of mice fed PFOA throughout 
gestation had detectable levels of PFOA in their brains at birth. Locomotor activity, anxiety-related or 
depression-like behavior, or muscle strength were not altered. Circadian activity tests revealed gender- 
related differences in exploratory behavior patterns. These data suggest a need for additional studies to 
fully understand the neurological effects of PFOA. 

Resources Consulted During Review: 

[Note: MDH conducted a focused re-evaluation which relied upon EPA’s hazard assessment and key study 
identification (EPA 2016a). A complete evaluation of the toxicological literature was not conducted.] 
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Toxicological Summary for: Perfluorooctane Sulfonate
CAS: 1763-23-1 (acid)

29081-56-9 (ammonium salt)
70225-14-8 (diethanolamine salt)
2795-39-3 (potassium salt)
29457-72-5 (lithium salt)
[Note: perfluorooctancate anion does not have a specific CAS number]

Synonyms: PFOS, Perfluorooctane sulfonic acid

MDH conducted a focused re-evaluation, which relied heavily upon EPA's hazard assessment
and key study identification contained within the EPA Health Effects Support Document for
Perfluorooctane Sulfonate (PFOS) released in May 2016 (EPA 2016a). A complete evaluation of
the toxicological literature was not conducted.

Shortterm, Subchronic and Chronic ~Non-Cancer Health Based Value (HBV) = 0.027 pgL™
“Due to the highly bioaccumulative nature of PFOS and human half-ife of nearly 5.4 years, serum concentrations
are the most appropriate dose metic and the standard equation 0 derive the HBV was no appropriate. Short
term exposures have the potential o stay in the bay for an extended period of ime. Therefore a single HBV has
been recommended for short-term, subchronic, and chronic durations. The 2017 HB was derived using a
toxicokinetic (TK) model developed by MDH wilh input from an external peer review panel. Model details are
presented below.
“Relative Source Contribution (RSC): based on current biomonitoring serum concentrations from local and
national general populations to represent non-water exposures, an RSC of 0.5 (50%) was selected for water
ingestion.

Intake Rate: In keeping with MOH's praciice, 95" percentile water intake rates (Table 3-1 and 3-3, USEPA 2011)
or upper percentie breastmilk ntake rates (Table 15-1, USEPA 2011) were used. Breastmilk concentrations were:
calculated by multiplying the maternal serum concenlrationby a PFOS breastmilk ransfer factorof1.3%. For the
breast-fed infant exposure scenario, a period of exclusive breastieeding for one year was used as representative
ofa reasonable maximum exposure scenario

A simple equation is typically used to calculate HBVs at the part per billion level with results rounded 0 one
Significant digi. However, the toxicokinetic model used to derive ihe HBV for PFOS showed thal serum
concentrations were impacted by changes in water concentrations al the part per rion level. As a result the
2017 HBV contains two digs.

Reference Dose/Concentration: - HED/Total UF = 0.00051/100 = 0,0000051 mgkg-d
(Cr:CD(SD)IGS VAF Rats). [The corresponding serum
concentration 5 6.26/10 = 0.063 mg/L. Note: this serum
concentration is inappropriate fo use for individual
assessment **]

Sourceoftoxicity value: ~ Determined by MDH in 2017
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Toxicological Summary for: Perfluorooctane Sulfonate 
CAS: 1763-23-1 (acid) 

29081-56-9 (ammonium salt) 
70225-14-8 (diethanolamine salt) 
2795-39-3 (potassium salt) 

29457-72-5 (lithium salt) 
[Note: perfluorooctanoate anion does not have a specific CAS number.] 

Synonyms: PFOS, Perfluorooctane sulfonic acid 

MDH conducted a focused re-evaluation, which retied heavily upon EPA ’s hazard assessment 
and key study identification contained within the EPA Health Effects Support Document for 
Perfluorooctane Sulfonate (PFOS) released in May 2016 (EPA 2016a). A complete evaluation of 
the toxicological literature was not conducted. 

Short-term, Subchronic and Chronic* - Non-Cancer Health Based Value (nHBV) = 0.027 IJg/L** 

*Due to the highly bioaccumulative nature of PFOS and human half-life of nearly 5.4 years, serum concentrations 
are the most appropriate dose metric and the standard equation to derive the HBV was not appropriate. Short- 
term exposures have the potential to stay in the body for an extended period of time. Therefore a single HBV has 
been recommended for short-term, subchronic, and chronic durations. The 2017 HBV was derived using a 
toxicokinetic (TK) model developed by MDH with input from an external peer review panel. Model details are 
presented below. 

**Relative Source Contribution (RSC): based on current biomonitoring serum concentrations from local and 
national general populations to represent non-water exposures, an RSC of 0.5 (50%) was selected for water 
ingestion. 

Intake Rate: In keeping with MDH’s practice, 95th percentile water intake rates (Table 3-1 and 3-3, USEPA 2011) 
or upper percentile breastmilk intake rates (Table 15-1, USEPA 2011) were used. Breastmilk concentrations were 
calculated by multiplying the maternal serum concentration by a PFOS breastmilk transfer factor of 1.3%. For the 
breast-fed infant exposure scenario, a period of exclusive breastfeeding for one year was used as representative 
of a reasonable maximum exposure scenario. 

A simple equation is typically used to calculate HBVs at the part per billion level with results rounded to one 
significant digit. However, the toxicokinetic model used to derive the HBV for PFOS showed that serum 
concentrations were impacted by changes in water concentrations at the part per trillion level. As a result, the 
2017 HBV contains two digits. 

Reference Dose/Concentration: 

Source of toxicity value: 

HED/Total UF = 0.00051/100 = 0.0000051 mg/kg-d 
(CrI:CD(SD)IGS VAF Rats). [The corresponding serum 
concentration is 6.26/100 = 0.063 mg/L. Note: this serum 
concentration is inappropriate to use for individual 
assessment. ***] 
Determined by MDH in 2017 
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Point of Departure (POD): 6.26 gL serum concentration (EPA 2016 predicted
average serum concentration for F2 generation. NOAEL
fromLuebkeret al 20050)

Dose Adjustment Factor (DAF): 0.000061; Toxicokinatic Adjustment based on Chemical-
Speciic Clearance Rate = Volume of Distribution (Lig) x
(Ln2/HalfIfe, days) = 0.23 kg x (0.693/1971 days) =
0.000081 Lkg-day (US EPA 2016)

Human Equivalent Dose (MDH, 2017): POD x DAF = 6.26 mg/L x 0.000081 Likg/day = 0.00051
mghkg-day

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

intraspecies variabilty and 3 for database uncertainty
(additional studies regarding immunotoxicity are
warranted)

Critical effect(s): Decreased pup body weight
Go-citca effect(s): In offspring exposed during development: delayed eye

opening, increased sternal defects, changes in lung
development, decreased glucose tolerance, increased
motor activity and decreased habituation, decreased levels
of thyroxine (T4), and decreased survival
In adult animals: ver weight changes accompanied by
changes in cholesterol levels and histology: decreased
levelsof thyroxine (T4); decreased SRBC response,
increased NK cell activity, decreased spleen and thymus
weight and cellariy

Additvity endpoint(s): Developmental, Hepatic (Liver) system, Immune system,
Thyroid (E)

= Sarum concantraton fs set for informing pubic hslh plc snd trretngpopuationbased exposures Tis al isasad on pot ased paaetrs and Shou nok b Led fr calASSET orfo BrTEnG Sum Ve
indus

Toxicokinetic Model Description:
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 concentrations.

mg” Dose (24)
Serum concentration (2) = ro

7 Clearance Rate(7k)Kg day,

Where:
Dose (mghkg-day) = Watero Breastmilk Intake (Likg-dey) x Level in Wateror Breastmik (moh)
and
Clearance (Lkg-d) = Volumeof distribution (LK) x (Ln 2Malife (days)

Two exposure scenarios were examined: 1) an infant fed with formula reconsiitued with contaminated
water staring at birth and continuing ingestion of contaminated water through Ife; and 2) an infant
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Point of Departure (POD): 

Dose Adjustment Factor (DAF): 

Human Equivalent Dose (MDH, 2017): 

Total uncertainty factor (UF): 
Uncertainty factor allocation: 

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

Additivity endpoint(s): 

6.26 mg/L serum concentration (EPA 2016a predicted 
average serum concentration for F2 generation. NOAEL 
from Luebker et al 2005b) 
0.000081; Toxicokinetic Adjustment based on Chemical- 
Specific Clearance Rate = Volume of Distribution (L/kg) x 
(Ln2/Half-life, days) = 0.23 L/kg x (0.693/1971 days) = 
0.000081 L/kg-day (US EPA 2016a) 
POD x DAF = 6.26 mg/L x 0.000081 L/kg/day = 0.00051 
mg/kg-day 
100 
3 for interspecies differences (for toxicodynamics), 10 for 
intraspecies variability and 3 for database uncertainty 
(additional studies regarding immunotoxicity are 
warranted) 
Decreased pup body weight 
In offspring exposed during development: delayed eye 
opening, increased sternal defects, changes in lung 
development, decreased glucose tolerance, increased 
motor activity and decreased habituation, decreased levels 
of thyroxine (T4), and decreased survival. 
In adult animals: liver weight changes accompanied by 
changes in cholesterol levels and histology; decreased 
levels of thyroxine (T4); decreased SRBC response, 
increased NK cell activity, decreased spleen and thymus 
weight and cellularity 
Developmental, Hepatic (Liver) system, Immune system, 
Thyroid (E) 

*** Serum concentration is useful for informing public health policy and interpreting population-based exposures. This value is 
based on population-based parameters and should not be used for clinical assessment or for interpreting serum levels in 
individuals. 

Toxicokinetic Model Description: 

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 concentrations. 

Where: 

Dose (mg/kg-day) = Water or Breastmilk Intake (L/kg-day) x Level in Water or Breastmilk (mg/L) 

and 

Clearance (L/kg-d) = Volume of distribution (L/kg) x (Ln 2/half-life (days)) 

Two exposure scenarios were examined: 1) an infant fed with formula reconstituted with contaminated 
water starting at birth and continuing ingestion of contaminated water through life; and 2) an infant 
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exclusively breastfed for 12 mots, followed by drinking contaminated water. In both scenarios the
simulated individuals began life with a pre-existing body burden through placental transfer of PFOS(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 tobeatSeadystae
Consistent with MDH methodology, 95" percentile water intake and upper percentile breastmilk intake:
rates were used to simulate a reasonable maximum exposed individual. A PFOS breastmilk transferfactor of 13%, based on average breast to maternal serum conceniraton ratios reported n he
literature, was used to calculate breastmilk concentration. According to the 2016 Breastfeeding ReportCard (CDC, 2019), nearly 66 percent of mothers in Mimesota report breastfeeding at sx monihs, win
31.4 percent exclusively breastfeeding. The percent breastfeeding dropped to 41% at twelve months.MDH selected an exclusive breastfeeding duration of one year orebreast ed nant Sconario.
Dailypost elimination serum concentration vias calciated as:

m, my Today's Intake (m,Serum Cone. (22) = | prev. day Serum Cone. (22) + LOA Inieke(a) oy
va ©) x BW(kg)

To maintain mass balance, daily maternal serum concentrations and loss-of-chemical via transfer to theinfant as well 2s excretion represented by the clearance rate, were caciated

‘Summary of Model Parameters

Model Parameter Value Used

Half-life 1971 days (US EPA 2016c)

Volumeofditibuton (Vd) | 0.23Lkg (US EPA 20160)
Vd Age Adustment Factor | 2.1 age 1-30 days decreasing to 1.2 age 510 years and 1.0ter age 10 years(Fris Hansen 1961)
Clearance Rate (CR) 0.000081 Likg-d, calculated from Vd x (Ln 2/half-life)

Placental transfer factor 46% (MDH 2017b)

(56of matemal srum eve)
Breastmilk transfer factor 1.3% (MDH 2017b)

(56of matemal sorum eve)
Water Intake Rate (Lkg-d) 95" percentile consumers only (default values, MDH 2008)

(Table 3-1& 3-3, USEPA 2011)

Breastmilk Intake Rate (L-kg-d) Upper percentile exclusively breast-fed infants (Table 15-1, US
EPA 2011)
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exclusively breast-fed for 12 months, followed by drinking contaminated water. In both scenarios the 
simulated individuals began life with a pre-existing body burden through placental transfer of PFOS 
(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 to be at 
steady-state. 

Consistent with MDH methodology, 95th percentile water intake and upper percentile breastmilk intake 
rates were used to simulate a reasonable maximum exposed individual. A PFOS breastmilk transfer 
factor of 1.3%, based on average breastmilk to maternal serum concentration ratios reported in the 
literature, was used to calculate breastmilk concentration. According to the 2016 Breastfeeding Report 
Card (CDC, 2016), nearly 66 percent of mothers in Minnesota report breastfeeding at six months, with 
31.4 percent exclusively breastfeeding. The percent breastfeeding dropped to 41% at twelve months. 
MDH selected an exclusive breastfeeding duration of one year for the breast-fed infant scenario. 

Daily post-elimination serum concentration was calculated as: 

SerumCo~c,I Lmg)= Prep, daySerumConc.(~)+ 
Today’s Intake 

v,,. 

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 

Model Parameter Value Used 

Half-life 1971 days (US EPA 2016c) 

Volume of distribution (Vd) 0.23 L/kg (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 L/kg-d, calculated from Vd x (Ln 2/half-life) 

Placental transfer factor 46% (MDH 2017b) 

(% of maternal serum level) 

Breastmilk transfer factor 1.3% (MDH 2017b) 

(% of maternal serum level) 

Water Intake Rate (L/kg-d) 95th percentile consumers only (default values, MDH 2008) 
(Table 3-1 & 3-3, USEPA 2011) 

Breastmilk Intake Rate (L-kg-d) Upper percentile exclusively breast-fed infants (Table 15-1, US 
EPA 2011) 
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Model Parameter Value Used

Body weight (kg) Calculated from water intake and breastmilk intake rate tables

A relative source contribution factor (RSC) is incorporated into the derivation of a health-based water
guidance value 10 account for non-water exposures. MDH utiizes the Exposure Decision Tree process
presented in US EPA 2000 to derive appropriate RSCs. MDH relied upon the percentage method to
reflect relative portions of water and non-water routes of exposure. The values of the duration specific
Gefault RSC (0.5, 0.2, and 0.2 for short-term, subchronic, and chronic, respectively) are based on the
magnitude of contributionofthese other exposures that occur during the relevant exposure duration
(MDH 2008). However, in thecaseof PFOS, application of an RSC needs to account for the long
elimination half-ife, such that a person's serum concentration at any given age is not only the result of
his or her current of recent exposures within the duration of concern, but also from exposure from years
past
Serum concentrations are the best measureof cumulative exposure and can be used in placeof the
RID in the Decision Tree process. Biomonitoring results from new residents who were not historically
exposed to contaminated water in the East Metro can be used to represent non-water exposures
(Nelson, 2016). The serum concentrations in these residents were similar in magnitude to those for the
general public reported in the most recent National Report on Human Exposure to Environmental
Chemicals (CDC 2017). MDH selected an RSCof50% for exposure from water ingestion based on:

+ A high-end, conservative estimateofbackground, non-water exposures represented by the 95
percentile serum concentration for new East Metro residents (0.021 mg/L serum), and

+ The USEPA Decision Tree RSC ceiling of 80% to ensure a margin of safety to account for
possible unknown sources of exposure

As mentioned above, two exposure scenarios were examined: 1) an infant fed formula reconstituted
with contaminated water starting at birth and continuing ingestion of contaminated water through Ife;
and 2) an infant exclusively breast-fed for 12 months, followed by drinking contaminated water through
ie.

For the frst scenario, the formula-fed infant, the water concentration that maintains a serum
concentration attributableto inking water below an RSC of 50% throughout Ife is 0.060 pg/L.
Becauseofthe long half-life, the serum concentration curve is very flat and even a small increment
increase in the water concentration (0.061 g/L) raises the serum concentration above the 50 percent
threshold for nearly 9 years.
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Model Parameter                               Value Used 

Body weight (kg)                Calculated from water intake and breastmilk intake rate tables 

A relative source contribution factor (RSC) 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 
presented in US EPA 2000 to derive appropriate RSCs. MDH relied upon the percentage method to 
reflect relative portions of water and non-water routes of exposure. The values of the duration specific 
default RSCs (0.5, 0.2, and 0.2 for short-term, subchronic, and chronic, respectively) are based on the 
magnitude of contribution of these other exposures that occur during the relevant exposure duration 
(MDH 2008). However, in the case of PFOS, application of an RSC needs to account for the long 
elimination half-life, such that a person’s serum concentration at any given age is not only the result of 
his or her current or recent exposures within the duration of concern, but also from exposure from years 
past. 

Serum concentrations are the best measure of cumulative exposure and can be used in place of the 
RfD in the Decision Tree process. Biomonitoring results from new residents who were not historically 
exposed to contaminated water in the East Metro can be used to represent non-water exposures 
(Nelson, 2016). The serum concentrations in these residents were similar in magnitude to those for the 
general public reported in the most recent National Report on Human Exposure to Environmental 
Chemicals (CDC 2017). MDH selected an RSC of 50% for exposure from water ingestion based on: 

¯ A high-end, conservative estimate of background, non-water exposures represented by the 95 h 
percentile serum concentration for new East Metro residents (0.021 mg/L serum), and 

¯ The USEPA Decision Tree RSC ceiling of 80% to ensure a margin of safety to account for 
possible unknown sources of exposure 

As mentioned above, two exposure 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 infant exclusively breast-fed for 12 months, followed by drinking contaminated water through 
life. 

For the first scenario, the formula-fed infant, the water concentration that maintains a serum 
concentration attributable to drinking water below an RSC of 50% throughout life is 0.060 IJg/L. 
Because of the long half-life, the serum concentration curve is very flat and even a small increment 
increase in the water concentration (0.061 IJg/L) raises the serum concentration above the 50 percent 
threshold for nearly 9 years. 
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PFOS Serum Concentration, Formula Fed Scenario, 95th percentile intake rate, water onc. 0.060 g/L

Youerr

i

3

Hester)

Applying this water concentration of 0.060 g/L in the context of a breast-fed infant resulted in not only
an exceedance of the 50% RSC threshold, butof the entire reference serum concentration for more
than one year. Inorder to maintain a serum concentration at or below an RSC of 50% for breast-fed
infants,thewater concentration should not exceed 0.027 g/L.

Breast fed Scenario (Upper tile) PROS Serum Concentrations at WaterConcentration 0.027 ug/L

Tom|

Hone)

Dueto chronic bioaccumulation in the mother and subsequent transfer to breastmilk, the breast-fed
infant exposure scenario is the most limiting scenario in termsofwater concentrations. To ensure
protection of all segments of the population, the final health-based value for PFOS is set at 0.027 gIL.

CancerHealth Based Value (cHBV)= Not Applicable:
Cancer classification: Suggestive Evidenceof Carcinogenic Potential (EPA

20166)
Slope factor (SF): Not Applicable

‘Source of cancer slope factor (SF): Not Applicable
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PFOS Serum Concentration, Formula Fed Scenario, 95th percentile intake rate, water cone, 0,060 #giL 
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Applying this water concentration of 0.060 IJg/L in the context of a breast-fed infant resulted in not only 
an exceedance of the 50% RSC threshold, but of the entire reference serum concentration for more 
than one year. In order to maintain a serum concentration at or below an RSC of 50% for breast-fed 
infants, the water concentration should not exceed 0.027 IJg/L. 

0.085 
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~ O-OZO 

0.0:)5 

Breast-fed Scenario (Upper %tile IR) PFOS Serum Co~3cent~’ations at Water Conce~tratio~ 0,027 

Age (years) 

Due to chronic bioaccumulation in the mother and subsequent transfer to breastmilk, the breast-fed 
infant exposure scenario is the most limiting scenario in terms of water concentrations. To ensure 
protection of all segments of the population, the final health-based value for PFOS is set at 0.027 IJg/L. 

Cancer Health Based Value (cHBV) = Not Applicable 

Cancer classification: Suggestive Evidence of Carcinogenic Potential (EPA 
2016b) 

Slope factor (SF): Not Applicable 
Source of cancer slope factor (SF): Not Applicable 
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‘Summary ofGuidance Value History:

A chronic nHBV of 1 ug/L was first derived in 2002. A revised chronic nHBV of 0.3 pg/L was derived in
2007 and promulgated as an nHRL in 2009. In 2016, EPA released a Health Advisory of 0.07 ug/L for
PPFOS. MDH conducted a re-evaluation and derived a revised nHBV (applicable to all durations) ofeea orcsaease a emsanon Seon

‘Summaryoftoxicity testing for health effects identified in the Health Standards Statute (144.0751):

[Jew] orton Revove novo
Tested for

Specie gust)

Commentsont faints
[Note: MDH conducted a focused re-evaluation which relied upon EPA's hazard assessment andkey studyett
* Numerous human epidemiological studies have evaluated thyroid hormone levels and/or thyroid
disease in association with serum PFOS. Results from these studies have provided limited support 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 thyroid levels, in particular, thyroxin (T4)

T4 has been identified as a co-critical effect and Thyroid has been identified as an Additivity Endpoint.

2 A few human epidemiology studies have evaluated associations between immunosuppression
measures and serum PFOS. However, no clear associations were reported between serum PFOS and
rates of infectious disease.

tate artseshvhn Pat PEOS xposrs setendemasses
(e.g., suppression of SRBC response, and/or increased natural killer cell activity). Someof these
effects occur at exposure levels similar to the POD. As a result the immune system has been identified
as an Additivity Endpoint and a database uncertainty factor has been incorporated into the derivation of

2575.0018

Volatile: No 

Tumor site(s): Liver and thyroid tumors were identified in both control and 
exposed animals at levels that did not show a direct 
relationship to dose. 

Summary of Guidance Value History: 

A chronic nHBV of 1 IJg/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. In 2016, EPA released a Health Advisory of 0.07 IJg/L for 
PFOS. MDH conducted a re-evaluation and derived a revised nHBV (applicable to all durations) of 
0.027 IJg/L in 2017. The 2017 nHBV is lower than the previous value as the result of: 1) incorporating 
the most recent toxicological information and 2) chemical-specific exposure concerns from breastmilk. 

Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 

Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be available 
from studies conducted for other purposes. MDH has considered the following information in developing health protective 
guidance. 

Endocrine Immunotoxicity Development Reproductive Neurotoxicity 

Tested for 
Yes          Yes          Yes          Yes          Yes 

specific effect? 

Effects 
Yes1 Yes2 Yes3 Yes4 Yes5 

observed? 

Comments on extent of testing or effects: 

[Note: MDH conducted a focused re-evaluation which relied upon EPA’s hazard assessment and key study 
identification (EPA 2016a). A complete evaluation of the toxicological literature was not conducted.] 

1 Numerous human epidemiological studies have evaluated thyroid hormone levels and/or thyroid 
disease in association with serum PFOS. Results from these studies have provided limited support 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 thyroid levels, in particular, thyroxin (T4) 
in offspring and adult animals at exposure levels similar in magnitude to the critical effect. Decreased 
T4 has been identified as a co-critical effect and Thyroid has been identified as an Additivity Endpoint. 

2 A few human epidemiology studies have evaluated associations between immunosuppression 

measures and serum PFOS. However, no clear associations were reported between serum PFOS and 
rates of infectious disease. 

Studies in laboratory animals have shown that PFOS exposure alters several immunologic measures 
(e.g., suppression of SRBC response, and/or increased natural killer cell activity). Some of these 
effects occur at exposure levels similar to the POD. As a result the immune system has been identified 
as an Additivity Endpoint and a database uncertainty factor has been incorporated into the derivation of 
the RfD. 
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2 Human epidemiology studies have suggested an association between prenatal 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 part, forms the
basis of the Reference Dose and corresponding serum concentrationof concern. A limited number of
studies have also reported changes in male reproductive development and changes in energy
metabolism (e.9., glucose levels, lipid metabolism) 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 diabetes and pregnancy-induced hypertension. There has also been
some evidenceof associations between serum PFOS and decreased fertity, however, concerns have
been raised over the possibilty that this is due to reverse causation.
Studies in laboratory animals do not indicate that ertity is a sensitive endpoint, with decreases in male
reproductive organs weights, decreased epididymal sperm count, and evidence of disruption of the
blood-testes-barrier occurring at exposure levels higher than those causing developmental toxicity (see
above). Therefore, the RfD would be protective of these effects.

© Developmental neurotoxicity and adult 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 similar to the critical effect and have been included as co-
critical effects. These effects are encompassed by the Developmental Adtivity Endpoint. Results from
studies using water maze tests for learning and memory in animals exposed during development or as
adults have yielded inconsistent results or effectsathigher dose levels.

Resources Consulted During Review:
[Note: MDH conducted a focused re-evaluation which relied upon EPA's hazard assessment and key
Study identification (EPA 2016). A complete evaluation of the toxicological literature was not
conducted,

ASTSWMO (2015). Association of State and Territory Solid Waste Management Officials.
Perfluorinated Chemicals (PFCs): Perfluorooctanoic Acid (PFOA) & Perfluorooctane Sulfonate (PFOS)
Information Paper.

ATSDR. (2015). "Agency for Toxic Substances and Disease Registry. Draft Toxicological Profile for
Perfluoroalkyls.” Retrieved August 15, 2015, from hitp:/Awww.atsdr cdc. govtoxprofiles/p200.odf,

Australian Health Protection Principal Committee. enHealth. (2016). “enHealth Statement: Interim
national guidance on human health reference values for per- and poly-fiuoroalkyl substances for use in
site nvestigations in Australia.” from
hitp/www health. nsw gov au/environment/factshets/Documents/ofas-interim:-health: values-ahpoc df.

Bijland, S., PCN Rensen, EJ Pieterman, ACE Mass, JW van der Hoorn, MJ van Erk, KW van Dijk, SC
Chang, DJ Evesman, JL Butenhoff, HIG Princen, (2011). "Perfluoroalkyl Sufonates Cause Alkyl
Chain Length-Dependent Hepatic Steatosis and Hypolipidemia Mainly by impairing Lipoprotein
Production in APOE"3-Leiden CETP Mice." Toxicological Sciences 123(1): 290-303
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3 Human epidemiology studies have suggested an association between prenatal 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 part, forms the 
basis of the Reference Dose and corresponding serum concentration of concern. A limited number of 
studies have also reported changes in male reproductive development and changes in energy 
metabolism (e.g., glucose levels, lipid metabolism) following exposure during development. Additional 
effects, including increased pup death, were observed at higher exposure levels. 

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

serum PFOS and gestational diabetes and pregnancy-induced hypertension. There has also been 
some evidence of associations between serum PFOS and decreased fertility, however, concerns have 
been raised over the possibility that this is due to reverse causation. 

Studies in laboratory animals do not indicate that fertility is a sensitive endpoint, with decreases in male 
reproductive organs weights, decreased epididymal sperm count, and evidence of disruption of the 
blood-testes-barrier occurring at exposure levels higher than those causing developmental toxicity (see 
above). Therefore, the RfD would be protective of these effects. 

5 Developmental neurotoxicity and adult 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 similar to the critical effect and have been included as co- 
critical effects. These effects are encompassed by the Developmental Additivity Endpoint. Results from 
studies using water maze tests for learning and memory in animals exposed during development or as 
adults have yielded inconsistent results or effects at higher dose levels. 

Resources Consulted During Review: 

[Note: MDH conducted a focused re-evaluation which relied upon EPA’s hazard assessment and key 
study identification (EPA 2016a). A complete evaluation of the toxicological literature was not 
conducted.] 

ASTSWMO (2015). Association of State and Territory Solid Waste Management Officials. 
Perfluorinated Chemicals (PFCs): Perfluorooctanoic Acid (PFOA) & Perfluorooctane Sulfonate (PFOS) 
Information Paper. 

ATSDR. (2015). "Agency for Toxic Substances and Disease Registry. Draft Toxicological Profile for 
Perfluoroalkyls." Retrieved August 15, 2015, from http://www.atsdr.cdc.,qov/toxprofiles/tp200.pdf. 

Australian Health Protection Principal Committee. enHealth. (2016). "enHealth Statement: Interim 
national guidance on human health reference values for per- and poly-fluoroalkyl substances for use in 
site nvestigations in Australia." from 
http://www.health.nsw.q~v.au/envir~nment/factsheets/D~cuments/pfas-interim-hea~th-va~ues-ahppc.pdf. 

Bijland, S., PCN Rensen, EJ Pieterman, ACE Mass, JW van der Hoorn, MJ van Erk, KW van Dijk, SC 
Chang, DJ Ehresman, JL Butenhoff, HMG Princen, (2011). "Perfluoroalkyl Sulfonates Cause Alkyl 
Chain Length-Dependent Hepatic Steatosis and Hypolipidemia Mainly by Impairing Lipoprotein 
Production in APOE*3-Leiden CETP Mice." Toxicoloqical Sciences 123(1): 290-303. 
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