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Health Risk Limits For Perfluorochemicals

Executive Summary

‘The Minnesota Legislature directed the Minnesota Department of Health to report on the
department's progress toward determining the health effects of perfluorochemicals and progress
toward developing health risk limits for perfluorochemicals.

Perfluorochemicals (PFCs) are substances that were manufactured by the 3M Company in
Cottage Grove. Minnesota (in Washington County) from the 1950s to 2002. The chemicals have:
unique properties, which made them ideal for use in products that resist heat, oil, stains, grease
and water. Wastes from the production process were placed in several disposal sites in
Washington County.

PECs have been found in the groundwater in areas of Washington and Dakota Counties, and in
surface water and waste water effluent in other parts of the state. PFC have also been found in
some fish in the greater metropolitan area.

Health Risk Limits (HRL) for PFCs are concentrations inwater(in ug/L. or parts per billion)
that pose litle or no appreciable risk to a person drinking the water. HRL are values that are:
proposed and adopted as rules by the state following a public rule making process.

On August 27, 2007, the department established HRLS by good cause exemption for the
perfluorochemicals perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS). On
December 28, 2007, the department published new draft values for these PFCs on the department
website as part of the department's HRL rules revision process. These draft rules will be
proposed as rules in 2008 and subject to public comment. Until the time that new rules are
adopted, the August 27 rules remain in effect,

“The department has base itsDecember draft HRL values for the revision on the following:
«The health effects of concer for PFOS are effects on the liver and thyroid.
«The health effects of concer for PFOA are effects on the liver and slowed development

of fetuses, reduced number of red blood cells, and changes to the immune system.
«Doses of concern are based on the level of PFC in the blood (serum) of animals that is

associated with health effects.
«The exposure value for water intake encompasses 95 percent of the United States

population averaged from birth through the age at which the PFC level in blood remains
stable.

«PFOA and PFOS each have a HRL value of 0.3 ug/L in drinking water.

‘The department has acquired and is reviewing data on the toxicity of perfluorobutanoic acid
(PFBA).

«The toxicological data indicates that PFBA is less toxic than PFOA and PFOS, and
unlikely to accumulate in the human body.

«The department intends to use the available toxicity information to develop guidance for
PBA.
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«The department will not include PFBA in the upcoming HRL rules revision, but guidance
in the form of health-based values will be available.

A department review of the available studies on other PFCs indicates that other PFCs are no
more toxic than PFOA or PFOS. There are no immediate plans to develop guidance or HRLS for
additional PFCs.

“The department provides instructions in the current and draft HRL rules on a Hazard Index
approach to assess risks from exposures to multiple chemicals. The department will continue to
advise the use ofa hazard index with HRL values to assess risks when multiple PFCs are present,
Only PFCs with HRL values or other risk-based guidance will be included in the hazard index
approach.

The department has compared the current HRL value (0.5 ug/L) and the new draft HRL
(0.3 ug/L) for PFOA developed in Minnesota to the PFOA values established by New Jersey and
North Carolina. The current and draft Minnesota values are based on toxicity observed in a
‘monkey study, an estimated human equivalent dose, a 30-fold uncertainty factor, and a time
weighted average drinking water intakeof 0.03 liters water per kilogram body weight per day.
In comparison to the Minnesota toxicity evaluation:

«The New Jersey value (0.04 ug/L) was based on a different species (rat) and divided the
serum level in the rat study by 100 to estimate a safe dose for humans. The primary
differences between the New Jersey value and the Minnesota value is due to a larger
uncertaintyfactor (100-fold) used by New Jersey and the use of the adult intakeof 2 liters
water per 70 kilograms body weight per day, which is about halfof the water intake rate
used by Minnesota.

«The North Carolina value (0.63 ug/L) was based on the monkey study and modeled the
serum level to estimate a safe dose in humans. The difference between the North Carolina
value and the Minnesota value is primarily due to the difference in drinking water intake.
North Carolina used the adult intake rate of 2liters per day and 70 kilograms, which is
about half of the water intake rate used by Minnesota.
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The department will not include PFBA in the upcoming HRL rules revision, but guidance 
in the form of health-based values will be available. 

A department review of the available studies on other PFCs indicates that other PFCs are no 
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Only PFCs with HRL values or other risk-based guidance will be included in the hazard index 
approach. 

The department has compared the current HRL value (0.5 ug/L) and the new draft HRL 
(0.3 ug/L) for PFOA developed in Minnesota to the PFOA values established by New Jersey and 
North Carolina. The current and draft Minnesota values are based on toxicity observed in a 
monkey study, an estimated human equivalent dose, a 30-fold uncertainty factor, and a time 
weighted average drinking water intake of 0.053 liters water per kilogram body weight per day. 
In comparison to the Minnesota toxicity evaluation: 

¯ The New Jersey value (0.04 ug/L) was based on a different species (rat) and divided the 
serum level in the rat study by 100 to estimate a safe dose for humans. The primary 
differences between the New Jersey value and the Minnesota value is due to a larger 
uncertainty factor (100-fold) used by New Jersey and the use of the adult intake of 2 liters 
water per 70 kilograms body weight per day, which is about half of the water intake rate 
used by Minnesota. 

¯ The North Carolina value (0.63 ug/L) was based on the monkey study and modeled the 
serum level to estimate a safe dose in humans. The difference between the North Carolina 
value and the Minnesota value is primarily due to the difference in drinking water intake. 
North Carolina used the adult intake rate of 2 liters per day and 70 kilograms, which is 
about half of the water intake rate used by Minnesota. 
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Introduction

‘The Minnesota Legislature requested a report from the commissioner of health on legislation
(Minnesota Session Laws 2007, Chapter 37) requiring Health Risk Limits for perfluorochemicals
in groundwater. The Minnesota Department of Health (MDH) provided the legislature with an
interim report on September 30, 2007. This report fulfills the requirement fora final report by
January 15, 2008.

“The legislature asked that the report describe the department's progress toward determining the
health effects of perfluorochemicals and progress toward developing health risk limits for
perfluorochemicals. In particular, the report was to include

1. The health effects and health risk limits adopted for perfluorooctanoic acid and
perfluorooctane sulfonate;

2. The health effects and the need to develop health risk limits for perfluorobutanoic acid
and other perfluorochemicals;

3. The health effects and the need to develop health risk limits for combinations of
perfluorochemicals; and

4. A comparison of health-based values for perfluorochemicals established in Minnesota
and the values established for those chemicals in other states including the state of New.
Jersey.

“The Health Risk Assessment Unit (within the Division of Environmental Health's Environmental
Surveillance and Assessment Section) prepared the following report to answer these requests for
information. The Health Risk Assessment Unit is responsible for developing Health Risk Limits
and providing technical support on the toxicity evaluation of perfluorochemicals

1. The health effects and health risk limits adopted for perfluorooctanoic acid and
perfluorooctane sulfonate

Perfluorochemicals

Perfluorochemicals (PFCs) are substances that were manufactured by the 3M Company (3M) in
Cottage Grove, Minnesota (in Washington County) from the 1950s to 2002. The chemicals have
unique properties, which made them ideal for use in products that resist hea, oil, stains, grease
and water. Common uses included nonstick cookware, stain-resistant carpets and fabrics, fire-
fighting foam, and other industrial applications. Wastes from the production process were placed
in several disposal sites in Washington County.

“The chemical structures of PFCs make them extremely resistant to environmental actions
(e.g. heat, sunlight, bacterial action) that break down large molecules into smaller molecules.
“The intact chemicals have been found in water, wildlife, and humans around the world. How
these chemicals move from locations where they are made, used,or disposed to remote arcas is
an area of active scientific research.

3
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“The chemicals that concerned the legislature and state agencies include perfluorooctane sulfonate
(POS; C8F17503), perfluorooctanoic acid (PFOA; C8F1502H), and perfluorobutanoic acid
(PFBA; C4FTO2H). Each of these chemicals has been found in groundwater in Washington and
Dakota Counties in Minnesota. PFOS has also been found in fish collected from some lakes in
Washington County, other lakes in the St. Paul and Minneapolis metropolitan area, and sections
of the Mississippi River. PFCs have also been found in surface water and in water discharged
from waste waster treatment plants (hitp:/proteus.pea.state.mn.ushot/pfe. html).

“The health effects (that is, the toxicity) of PFCs is another area of active scientific research.
Many toxicity studies on laboratory animals (rats, mice, and monkeys) have been conducted with
a few PFCs, such as PFOS and PFOA, while other PFCs, such as PFBA, have not been as
extensively studied. In laboratory animal studies, high concentrations of PFOA and PFOS cause
harmful changes in the liver and other organs. Developmental problems (for example, delays in
‘growth and maturation) have been seen in the offspring of rats and mice that were exposed to
PFCs while pregnant, The ways in which the chemicals cause health effects is not fully
understood, but toxicologists assume that these health effects might also occur in humans
exposed to high concentrationsofthe chemicals. PFOA in high concentrations over a long period
of time also causes cancer in rats by a process that has been studied and is arguably unlikely to
occur in humans.

“There are a few studies of health effects in people. 3M studied the health of 3M workers exposed
to PFCs during manufacturing and found no apparent harm to worker health. Two studies have
been conducted to determine if there is a relationship between the health of newborn babies and
PEC levels in the mother's blood. Each study founda small decrease in birth weight or other
measures of growth with increasing PFC levels in the mother. A health study of 70.000 people
exposed to PFOA in drinking water in Ohio and West Virginia is underway. In general, these
studies show that the levels of PFCs in the environment may be linked to changes in the body,
but the studies have not shown that the PFCs have harmed people. Therefore, toxicologists have
relied on animal studies to determine whether an exposure to PFCs may be harmful.

An area of active research is the length of time that PFCs may be retained in the body (“half-
life”). Scientists need to understand how humans and animals compare in eliminating PFC from
the body. PFC circulate through the body in the blood, and are slowly removed by the kidneys
and gut to be eliminated in urine and feces. 3M has studied the length of time that it takes for
serum levels of PFCs to decrease once occupational exposures end. The results of these studies
suggest that it may take more than five years for even one-halfofa single exposure to certain
PFCs to leave the human body. In contrast, some animals eliminate these PCs in a few hours to
a few weeks. Most scientists studying PFC toxicity believe that the PFC that circulates in the
blood is responsible for harmful effects so that the fact that humans eliminate PFCs very slowly
must be taken into account when animal toxicity studies are used to determine a safe exposure
for people.

Since carly in 2007, department staff have heard (in scientific meetings. in conversations with
EPA scientists, and in recent scientific publications) a growing scientific consensus that serum
levels, which represent a measureof internal dose, are a better predictor of toxicity in animal
studies than administered dose. There are large species differences in the amount of PEC that

4

32460006

The chemicals that concerned the legislature and state agencies include perfluorooctane sulfonate 
(PFOS; C8F17SO3), perfluorooctanoic acid (PFOA; CSF1502H), and perfluorobutanoic acid 
(PFBA; C4FTO2H). Each of these chemicals has been found in groundwater in Washington and 
Dakota Counties in Minnesota. PFOS has also been found in fish collected from some lakes in 
Washington County, other lakes in the St. Paul and Minneapolis metropolitan area, and sections 
of the Mississippi River. PFCs have also been found in surface water and in water discharged 
from waste waster treatment plants (http://proteus.pca.state.mn.usihot/pfc.html). 

The health effects (that is, the toxicity) of PFCs is another area of active scientific research. 
Many toxicity studies on laboratory animals (rats, mice, and monkeys) have been conducted with 
a few PFCs, such as PFOS and PFOA, while other PFCs, such as PFBA, have not been as 
extensively studied. In laboratory animal studies, high concentrations of PFOA and PFOS cause 
harmful changes in the liver and other organs. Developmental problems (for example, delays in 
growth and maturation) have been seen in the offspring of rats and mice that were exposed to 
PFCs while pregnant. The ways in which the chemicals cause health effects is not fully 
understood, but toxicologists assume that these health effects might also occur in humans 
exposed to high concentrations of the chemicals. PFOA in high concentrations over a long period 
of time also causes cancer in rats by a process that has been studied and is arguably unlikely to 
occur in humans. 

There are a few studies of health effects in people. 3M studied the health of 3M workers exposed 
to PFCs during manufacturing and found no apparent harm to worker health. Two studies have 
been conducted to determine if there is a relationship between the health of newborn babies and 
PFC levels in the mother’s blood. Each study found a small decrease in birth weight or other 
measures of growth with increasing PFC levels in the mother. A health study of 70,000 people 
exposed to PFOA in drinking water in Ohio and West Virginia is underway. In general, these 
studies show that the levels of PFCs in the environment may be linked to changes in the body, 
but the studies have not shown that the PFCs have harmed people. Therefore, toxicologists have 
relied on animal studies to determine whether an exposure to PFCs may be harmful. 

An area of active research is the length of time that PFCs may be retained in the body ("half- 
life"). Scientists need to understand how humans and animals compare in eliminating PFCs from 
the body. PFCs circulate through the body in the blood, and are slowly removed by the kidneys 
and gut to be eliminated in urine and feces. 3M has studied the length of time that it takes for 
serum levels of PFCs to decrease once occupational exposures end. The results of these studies 
suggest that it may take more than five years for even one-half of a single exposure to certain 
PFCs to leave the human body. In contrast, some animals eliminate these PFCs in a few hours to 
a few weeks. Most scientists studying PFC toxicity believe that the PFC that circulates in the 
blood is responsible for harmful effects so that the fact that humans eliminate PFCs very slowly 
must be taken into account when animal toxicity studies are used to determine a safe exposure 
for people. 

Since early in 2007, department staff have heard (in scientific meetings, in conversations with 
EPA scientists, and in recent scientific publications) a growing scientific consensus that serum 
levels, which represent a measure of internal dose, are a better predictor of toxicity in animal 
studies than administered dose. There are large species differences in the amount of PFC that 

4 

3246.0006 



must be given (administered dose) to an animal to produce toxicity (for example, some measure
ofliver damage). But when dose is expressed as a serum level the relationship between the
serum level and toxicity is much more consistent across studies and species. Using serum level
as a measure of intemal dose within the dose-response assessment results in a more consistent
relationship between the measure of dose and the health effects observed. As the weight of
evidence regarding the importance of serum levels has increased, scientists have called for
researchers to report not only administered dose (mg/kg-d) but serum (ug/L) and tissue levels
(ug/g) at which responses are observed. As a result, over the past year more serum level
information is now available for evaluation.

The use ofa biologically relevant dose is consistent with EPA guidance and practice. Use of
biologically relevant dose is also consistent with how the department conducts risk assessments
and develops health-based drinking water values. Since useof abiologically relevant dose is
highly specific to the species tested and the chemical being evaluated, decisions on how to
extrapolate the animal data to human exposures are also highly specific to the chemical and
specific studies. In the case of PFC, scientists need to convert the serum level to an intake for
humans. Carefully controlled studies of exposure from water and resulting serum levels would be:
the most desirable data for this calculation. In absence of such studies, the relationship between
intake and serum level can be estimated using data regarding uptake, distribution within the body
and elimination of PFCs from animal and human studies.

PFC Risk Assessment

Information on toxicity and exposure is used to determine an exposure to humans that does not
cause harmful effects. The risk assessment work that the department conducted on PFOA and
PFOS in 2006 and carly 2007 was extensive. The risk assessment led to guidance in February
2007 (Appendices A and B) on water concentrations (called “Health Based Values” or HBVS).
“The February HBV were promulgated as Health Risk Limits (HRLS) in August 2007 by the.
‘200d cause exemption rule making process. Since that time, new assessments led to draft Health
Risk Limits (draft HRLS) published in December 2007 (Appendices C and D).

HBVs and HRLS are water concentrations that are safe for people to drink. The department also
develops guidance for fish tissue concentrations that are safe for people to cat. In order to.
calculate a drinkingwatervalue, the department divides the safe dose of chemical (the “reference.

dose.” expressed as milligrams chemical per kilogram body weight per day) by a water intake
rate (liters of water per kilogram body weight per day). There may be many ofher sources of
exposure (for example, eating sport fish contaminated with PFOS or exposure through other
foods). The watervalue is set low enough to account for the possibility of these other exposures.
Each of the steps involved in calculating a water value is described below.

“The water concentrations are expressed as parts per billion (ppb, which is the same as
micrograms per liter of water or ug/L), and are used to make decisions on whether exposures
need to be reduced when PFOA and PFOS are measured in drinking water wells. Similarly. the
fish concentrations are expressed in ppb or micrograms PFOS per gram of fish (ug/g) and are
used to make decisions on whether fish advisories are needed when PFOS is measured in the
edible portion of fish. PFOA is not detected in fish or is at levels t00 low to prompt an advisory.
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Most of the research of department scientists is focused on evaluating toxicity studies and
developing appropriate reference doses. Department scientists search the literature, talk to
scientists who are conducting studies, and participate in scientific forums where studies arc
discussed. Staff toxicologists select appropriate studies and doses relevant to different life stages,
make adjustments to account for human variability and uncertainties in the data, and compare the.
resulting doses of interest from the different studies. The result is a daily dose (the “reference
dose” that is unlikely to cause health effects over cithera short or very long periodoftime.

“The research on health risks from exposure to these chemicals and the calculation of the water
levels associated with no anticipated health effect is carried out by toxicologists in the
department with many yearsofexperience in laboratory research and risk assessment. This work
is reviewed by supervisors and managers with experience in toxicology. risk assessment, and
public health policy. In addition, many researchers in government, academia, and industry have
been consulted concerning the specifics of the toxicity studies and water intake data, and the
appropriate interpretation of dosing, serum levels, elimination of PFCs, and time to reach
equilibrium in the body. In particular, the department has relied on 3M scientists for much of the
data on PFC toxicity (sce Appendix E) and on federal investigators who study these chemicals.
‘The department also relied on advice from exposure scientists from EPA and the state of
California for assistance on appropriate drinking water intakes.

PFOA Reference Dose.

‘The PFOA reference dose was based on astudy in monkeys in which some of the animals dosed
with 3 milligrams per kilograms per day (3 mg/kg-day) had increased liver weights, which
appeared to be reversible when dosing stopped. At higher doses the animals showed other effects
(indicating liver damage and changes in thyroid) and some animals died. Studies in rats showed
that doses comparable to the dose given to the monkeys had similar effects on the livers of the
rats and also showed that additional health effects may be a concern (slowed development of rat
fetuses, reduced number of adult red blood cells, and changes to the adult immune system).

In February of 2007, the department calculated a human equivalent dose of concer that took
into account the slow elimination of PFOA in the human body compared to the monkey. The
department made this calculation based on a 70-fold difference in elimination between humans
and monkeys. Over a long period of time, a human daily dose of 0.043 mg/kg-d would result in
the same dose inside the body as the 3 me/kg-d dose of concem from the monkey study because:
the chemical accumulates to a greater extent in humans than in monkeys. Adjustments were also
made for human variability, uncertainty about differences between monkeys and humans in
sensitivity (0 the chemical, and the fact that an effect on the liver was observed at the lowest dose:
tested (which meant that the true dose without any effect was likely lower). The total adjustment
was a factor of 300. The human equivalent doseof0.043 mg/kg-d was divided by 300 and the
result was a reference dose of 0.00014 mg/ke-day.

In December of 2007. the department updated the risk assessment for PFOA by calculating a
human equivalent of the dose in the monkey study using measures of the level of PFOA in the
serum of blood. This new evaluation was a result of the department's interest in using serum
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Most of the research of department scientists is focused on evaluating toxicity studies and 
developing appropriate reference doses. Department scientists search the literature, talk to 
scientists who are conducting studies, and participate in scientific forums where studies are 
discussed. Staff toxicologists select appropriate studies and doses relevant to different life stages, 
make adjustments to account for human variability and uncertainties in the data, and compare the 
resulting doses of interest from the different studies. The result is a daily dose (the "reference 
dose") that is unlikely to cause health effects over either a short or very long period of time. 

The research on health risks from exposure to these chemicals and the calculation of the water 
levels associated with no anticipated health effect is carried out by toxicologists in the 
department with many years of experience in laboratory research and risk assessment. This work 
is reviewed by supervisors and managers with experience in toxicology, risk assessment, and 
public health policy. In addition, many researchers in government, academia, and industry have 
been consulted concerning the specifics of the toxicity studies and water intake data, and the 
appropriate interpretation of dosing, serum levels, elimination of PFCs, and time to reach 
equilibrium in the body. In particular, the department has relied on 3M scientists for much of the 
data on PFC toxicity (see Appendix E) and on federal investigators who study these chemicals. 
The department also relied on advice from exposure scientists from EPA and the state of 
California for assistance on appropriate drinking water intakes. 

PFOA Reference Dose 

The PFOA reference dose was based on a study in monkeys in which some of the animals dosed 
with 3 milligrams per kilograms per day (3 mgikg-day) had increased liver weights, which 
appeared to be reversible when dosing stopped. At higher doses the animals showed other effects 
(indicating liver damage and changes in thyroid) and some animals died. Studies in rats showed 
that doses comparable to the dose given to the monkeys had similar effects on the livers of the 
rats and also showed that additional health effects may be a concern (slowed development of rat 
fetuses, reduced number of adult red blood cells, and changes to the adult immune system). 

In February of 2007, the department calculated a human equivalent dose of concern that took 
into account the slow elimination of PFOA in the human body compared to the monkey. The 
department made this calculation based on a 70-fold difference in elimination between humans 
and monkeys. Over a long period of time, a human daily dose of 0.043 mg/kg-d would result in 
the same dose inside the body as the 3 mgikg-d dose of concern from the monkey study because 
the chemical accumulates to a greater extent in humans than in monkeys. Adjustments were also 
made for human variability, uncertainty about differences between monkeys and humans in 
sensitivity to the chemical, and the fact that an effect on the liver was observed at the lowest dose 
tested (which meant that the true dose without any effect was likely lower). The total adjustment 
was a factor of 300. The human equivalent dose of 0.043 mgikg-d was divided by 300 and the 
result was a reference dose of 0.00014 mgikg-day. 

In December of 2007, the department updated the risk assessment for PFOA by calculating a 
human equivalent of the dose in the monkey study using measures of the level of PFOA in the 
serum of blood. This new evaluation was a result of the department’ s interest in using serum 
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concentrations as an improvement to the PFC risk assessments. A liver effect level of minimal
concer, called the benchmark dose, was estimated to occur ata level of 23 ug/ml. PFOA in
serum. A human equivalent dose of 0.0023 mg/kg-d was estimated based on the update,
distribution within the body, and elimination of PFOA by humans (simple first order kinetics)
Adjustments were also made for human variability (10-fold factor) and uncertainty (fold
factor) about differences between monkeys and humans in sensitivity to the chemical. The total
adjustment was a factor of 30, which is less than the uncertainty factor used in February 2007.
and indicates that the department believes that there is areater certainty about the dose associated
with minimal toxicity using this methodofestimating dose. The human equivalent dose of
0.0023 me/kg-d was divided by 30 for a resulting reference dose for PFOA of 0.000077 ma/ke-
day (his is the same as 77 ng/kg-d). This value is almost identical to a value of $6 ng/kg-d
developed by a consultant at CITT Centers for Health Research and reported ata national
‘meeting. The CIIT consultant recommended a slightly different value, 90 ng/kg-d. to the state of
North Carolina. The department has not been able to duplicate the calculation performed by the
consultant and cannot evaluate whether the model used by the consultant is preferable to the
model used by the department.

In contrast (0 the February 2007 calculated reference dose of0.00014, the reference dose
calculated in December 2007 for PFOA (0.000077) is about 2-fold lower. While the older
reference dose was based on less certainty about the doseofconcern in monkeys compared
humans, the newer reference dose shows that the cruder estimate was remarkably close to the
improved calculation. The department found that in the case of PFOA, the 70-fold adjustment for
the difference in monkey and human half-life and the various uncertainty factors, which were:
both used in the older calculation, were warranted and produced a value that was very close to
the new value developed with more data and certainty.

PFOS Reference Dose

Similar steps were taken to develop a reference dose for PFOS. The reference dose for PFOS
was also based on a study in monkeys. In this study a dose of 0.15 m/kg-day caused liver
effects (increased liver weight) and changes in levels of thyroid hormone, cholesterol, and high-
density lipoprotein.

In February 2007, the department adjusted the dose for the slower elimination of PFOS by
humans (a 20-fold difference compared to monkeys). The department estimated thata human
daily doseof 0.0075 mg/ke-d would result,over time, in the same dose inside the body as the
0.15 mg/kg-d doseof concern in monkeys. Adjustments were also madefor human variability,
uncertainties about the true no effect level, and uncertainties about the differences between
‘monkeys and humans in sensitivity to the chemical. The total adjustment was a factor of 100.
‘The human equivalent dose of0.0075 mg/kg-d was divided by 100. The result was a reference
dose for PFOS of 0.000075 mg/ke-day.

In December of 2007, the department updated the risk assessment for PFOS by calculating a
‘human equivalent of the dose in the monkey study using measures of the level of PFOS in the
serum of blood. A liver weight and cholesterol effect level of minimal concern, the benchmark
dose, was estimated to occur at a levelof 35 ug/L PFOS in serum. A human equivalent dose of
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humans, the newer reference dose shows that the cruder estimate was remarkably close to the 
improved calculation. The department found that in the case of PFOA, the 70-fold adjustment for 
the difference in monkey and human half-life and the various uncertainty factors, which were 
both used in the older calculation, were warranted and produced a value that was very close to 
the new value developed with more data and certainty. 

PFOS Reference Dose 

Similar steps were taken to develop a reference dose for PFOS. The reference dose for PFOS 
was also based on a study in monkeys. In this study a dose of 0.15 mg/kg-day caused liver 
effects (increased liver weight) and changes in levels of thyroid hormone, cholesterol, and high- 
density lipoprotein. 

In February 2007, the department adjusted the dose for the slower elimination of PFOS by 
humans (a 20-fold difference compared to monkeys). The department estimated that a human 
daily dose of 0.0075 mg/kg-d would result, over time, in the same dose inside the body as the 
0.15 mg/kg-d dose of concern in monkeys. Adjustments were also made for human variability, 
uncertainties about the true no effect level, and uncertainties about the differences between 
monkeys and humans in sensitivity to the chemical. The total adjustment was a factor of 100. 
The human equivalent dose of 0.0075 mgikg-d was divided by 100. The result was a reference 
dose for PFOS of 0.000075 mgikg-day. 

In December of 2007, the department updated the risk assessment for PFOS by calculating a 
human equivalent of the dose in the monkey study using measures of the level of PFOS in the 
serum of blood. A liver weight and cholesterol effect level of minimal concern, the benchmark 
dose, was estimated to occur at a level of 35 ug/mL PFOS in serum. A human equivalent dose of 
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0.0025 mg/kg-d was calculated based on the update and elimination of PFO by humans.
Adjustments were also made for human variability (10-fold factor) and uncertainty (3-fold
factor) about differences between monkeys and humans in sensitivity to the chemical. The total
adjustment was a factor of 30, which is less than the uncertainty factor used in February 2007,
and indicates that the department believes that there is greater certainty about the dose associated
with minimal toxicity using this methodof estimating dose. The human equivalent dose of
0.0025 ma/ke-d was divided by 30 for a resulting reference dose for PFOS of 0.00008 mg/kg-
day.

In contrast 10 the February 2007 calculated reference doseof 0.000075, the reference dose
calculated in December 2007 for PFOS (0.00008)is slightly higher. The 20-fold adjustment for
the difference in monkey and human half-life and the various uncertainty factors, which were
both used in the older calculation, were warranted and produced a value that was almost identical
othe new value developed with more data and certainty.

Drinking water intake data

“The department calculates drinking water values using data on how much tap water people of
different ages drink cach day. The drinking water intake (in lters of water per kilogram body
weight per day) that was selected for each of the PFC risk assessments is an amount of water
‘greater than what the average person drinks. The selected values encompass the drinking water
intake of95 percent of the population and are averaged over time according to different life
stages and the length of time over which the chemical accumulates in the boy.

“The department gave careful consideration to who is exposed through drinking water, at what
life stages exposure may be the greatest, and the relationship between adaily exposure and the
accumulation of PEC in the body. Human data show thata fraction of the PFCs in the body is
eliminated each day, but not all of the PFC, so the PFCs accumulateslowly over time. There is
a point, however, when the amount ken into the body is equal to the amount eliminated by the
body. The time period necessary to reach this “steady state” of uptake and elimination can be
estimated based on measurements of PFCs in blood. For PFOA the time period is approximate
19 years and for PFOS the time period is approximately 27 years. The department averaged
drinking water exposure overcach period (starting from birth) using data from national studies of
large numbers of people. Intake (using the 95" percentileofintake) over the first 19 years oflife
is 0,053 L/kg-d and intake over the first 27 years of life is 0.049 Likg-d.

Asaresult of consultation with exposure scientists and epidemiologists at the US EPA and state.
of California, an error in an EPA table of drinking water intakes was identified. The EPA had
mislabeled a table, and instead of reporting summary data for only consumers that drank tap
water, the data in the table included individuals that drank other sources of water. The EPA
provided the department with a revised table with the correct data. The corrected values were
used to calculate the draft HRL in December 2007. The department has posted the corrected
table on the department web site at
(http/www. health state. mn us/divs/eh/groundwater/hrlgw/ables_4.pdo)
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0.0025 mgikg-d was calculated based on the update and elimination of PFOS by humans. 
Adjustments were also made for human variability (10-fold factor) and uncertainty (3-fold 
factor) about differences between monkeys and humans in sensitivity to the chemical. The total 
adjustment was a factor of 30, which is less than the uncertainty factor used in February 2007, 
and indicates that the department believes that there is greater certainty about the dose associated 
with minimal toxicity using this method of estimating dose. The human equivalent dose of 
0.0025 mg/kg-d was divided by 30 for a resulting reference dose for PFOS of 0.00008 mg/kg- 
day. 

In contrast to the February 2007 calculated reference dose of 0.000075, the reference dose 
calculated in December 2007 for PFOS (0.00008) is slightly higher. The 20-fold adjustment for 

the difference in monkey and human half-life and the various uncertainty factors, which were 
both used in the older calculation, were warranted and produced a value that was almost identical 
to the new value developed with more data and certainty. 

Drinking water intake data 

The department calculates drinking water values using data on how much tap water people of 
different ages drink each day. The drinking water intake (in liters of water per kilogram body 
weight per day) that was selected for each of the PFC risk assessments is an amount of water 
greater than what the average person drinks. The selected values encompass the drinking water 
intake of 95 percent of the population and are averaged over time according to different life 
stages and the length of time over which the chemical accumulates in the body. 

The department gave careful consideration to who is exposed through drinking water, at what 
life stages exposure may be the greatest, and the relationship between a daily exposure and the 
accumulation of PFCs in the body. Human data show that a fraction of the PFCs in the body is 
eliminated each day, but not all of the PFCs, so the PFCs accumulate slowly over time. There is 
a point, however, when the amount taken into the body is equal to the amount eliminated by the 
body. The time period necessary to reach this "steady state" of uptake and elimination can be 
estimated based on measurements of PFCs in blood. For PFOA the time period is approximate 
19 years and for PFOS the time period is approximately 27 years. The department averaged 
drinking water exposure over each period (starting from birth) using data from national studies of 
large numbers of people. Intake (using the 95th percentile of intake) over the first 19 years of life 

is 0.053 Likg-d and intake over the first 27 years of life is 0.049 Likg-d. 

As a result of consultation with exposure scientists and epidemiologists at the US EPA and state 

of California, an error in an EPA table of drinking water intakes was identified. The EPA had 
mislabeled a table, and instead of reporting summary data for only consumers that drank tap 

water, the data in the table included individuals that drank other sources of water. The EPA 
provided the department with a revised table with the correct data. The corrected values were 
used to calculate the draft HRLs in December 2007. The department has posted the corrected 
table on the department web site at 

(http://www.health.state.mn.us/divs/eh/groundwaterihrlgw/table4 4.pdf). 
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Accounting for multiple pathways of exposure

‘The reference dose represents a safe daily dose of a chemical and is the basis of the calculation
for a drinking water value. Drinking water standards that are set by the federal government and
states take into consideration the possibility that there are other sources of exposure (for
example, food, air, or soil) to the chemical besides drinking water. Drinking water standards are
calculated so that the dose that would come just from drinking water is only a portion
(20 percent) of the reference dose. In other words, the drinking water standard is lower, by five-
fold. than a value that could be calculatedifdrinking water was clearly the only source of
exposure to the contaminant. This 20 percent adjustment is a well-established factor called the
relative source contribution factor. The factor is not based on a careful estimate of all potential
exposures, rather itis a default assumption used because other sources of exposure are not well
characterized. The department has not investigated other exposures to PECs. However, since.
PFCs are found in the blood of the US population, and it is unlikely that the US population is
drinking contaminated tap water, the department is certain that there arc other sources of
exposure in addition to the plume of groundwater contamination in Washington County and has
retained the 20 percent relative source contribution factor.

Drinking water calculations

“The reference dose, the drinking water intake rate, and the relative source contribution factor
were used to calculate drinking water concentrations of PFOA and PFOS. In February 2007.
these health-based values (HBVS), 0.5 ug/L for PFOA and 0.3 ug/L for PFOS, were described in
memoranda dated February 26, 2007 (Appendices A and B). The values were used for making
decisions on whether exposures needed to be reduced when PFOA or POS were measured in
drinking water. Similar steps were taken in 2007 to calculate a PFOS fish tissue concentration for
cating fish. These values were placed in rule in August 2007 (as described in the next section of
this report).

In December 2007, new draft values were calculated using the serum-level based reference
doses. The new draft reference doses, 0.000077 and 0.00008 me/ke-d. for PFOA and PFOS,
respectively: the commesponding drinking water intake ratesof 0.053 and 0.049 Likg-d: and a
relative source contribution factor of 0.2; were used in the HRL equation (below).

HRL = (Reference dose) x (relative source contribution factor)
(water intake rate)

‘The values were converted to the appropriate units of ug/L. The result was that both PFOA and
PFOS had drinking water values of0.3 ug/L.

“These new calculations do not replace the current HRL rules for PFOA and PFOS of 0.5 and
0.3 ug/L, respectively. However, the calculations and results (Appendices C and D) are draft
HRL values for the HRL rules revision anticipated in 2008 (as described in the next section of
this report). The PFOS fish tissue concentrations used for department fish advisories was also
recalculated in December and will be used in future fish advisories.
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Accounting for multiple pathways of exposure 

The reference dose represents a safe daily dose of a chemical and is the basis of the calculation 
for a drinking water value. Drinking water standards that are set by the federal government and 
states take into consideration the possibility that there are other sources of exposure (for 
example, food, air, or soil) to the chemical besides drinking water. Drinking water standards are 
calculated so that the dose that would come just from drinking water is only a portion 
(20 percent) of the reference dose. In other words, the drinking water standard is lower, by five- 
fold, than a value that could be calculated if drinking water was clearly the only source of 
exposure to the contaminant. This 20 percent adjustment is a well-established factor called the 
relative source contribution factor. The factor is not based on a careful estimate of all potential 
exposures, rather it is a default assumption used because other sources of exposure are not well 
characterized. The department has not investigated other exposures to PFCs. However, since 
PFCs are found in the blood of the US population, and it is unlikely that the US population is 
drinking contaminated tap water, the department is certain that there are other sources of 
exposure in addition to the plume of ground water contamination in Washington County and has 
retained the 20 percent relative source contribution factor. 

Drinking water calculations 

The reference dose, the drinking water intake rate, and the relative source contribution factor 
were used to calculate drinking water concentrations of PFOA and PFOS. In February 2007, 
these health-based values (HBVs), 0.5 ug/L for PFOA and 0.3 ug/L for PFOS, were described in 
memoranda dated February 26, 2007 (Appendices A and B). The values were used for making 
decisions on whether exposures needed to be reduced when PFOA or PFOS were measured in 
drinking water. Similar steps were taken in 2007 to calculate a PFOS fish tissue concentration for 
eating fish. These values were placed in rule in August 2007 (as described in the next section of 
this report). 

In December 2007, new draft values were calculated using the serum-level based reference 
doses. The new draft reference doses, 0.000077 and 0.00008 mgikg-d, for PFOA and PFOS, 
respectively; the corresponding drinking water intake rates of 0.053 and 0.049 Likg-d; and a 
relative source contribution factor of 0.2; were used in the HRL equation (below). 

HRL = (Reference dose) x (relative source contribution factor) 
(water intake rate) 

The values were converted to the appropriate units of ug/L. The result was that both PFOA and 
PFOS had drinking water values of 0.3 ug/L. 

These new calculations do not replace the current HRL rules for PFOA and PFOS of 0.5 and 
0.3 ug/L, respectively. However, the calculations and results (Appendices C and D) are draft 
HRL values for the HRL rules revision anticipated in 2008 (as described in the next section of 
this report). The PFOS fish tissue concentrations used for department fish advisories was also 
recalculated in December and will be used in future fish advisories. 
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Promulgation of Health Risk Limits for Perfluorochemicals

“The department met the need for PFC water values in 2007 by calculating HBV. These
calculations used scientific data and risk assessment procedures available in February 2007.
HBV are not rules but are offered as advice to agencies in the form of a memo.

Minnesota Session Laws 2007, Chapter 37, instructed the department to adopt by rule Health
Risk Limits for PFOS and PFOA according to Good Cause Exemption and specified the use of
clause 1: “the rules address a serious and immediate threat to public health, safety, or welfare”
(Minnesota Statutes, section 14.388, subivision 1, clause 1, found at
hitp://ros Jeg. m/bingetpubphpype=sénum=14. 388&vear=2007). The session language was
signed into law on May 3, 2007 and the department was given a deadline of August 1, 2007 to
adopt the rules.

The department prepared all of the necessary paperwork to adopt rules through good cause
exemption. The rule language was drafted and sent to the office of the revisor on June 18. The
department executive office was bricfed for approvals on July 11. The preliminary proposal form
was given to the Governor's office on July 23. On August 1, 2007, the rules were sent to the
Office of Administrative Hearings and notice was given to the public that the rules were
proposed for adoption. This notice followed department and state guidelines for public comment
on rule making by good cause exemption. During the mandatory five-day comment period four
sets of comments were sent to the Office of Administrative Hearings.

All of the comments were critical of the rules, suggesting (variously) that: the comment period
was too short or otherwise inadequate (¢.g., no statement of need and reasonableness), the HRL
values were underprotective, altemative studies should be used as the basisofthe reference dose,
specific uncertainties should be (variously) used or not used, an equation used in 1993 should be
used to calculate the HRL, the slow elimination of the chemical should not be factored into the
reference dose, and different exposure inputs into the equation should be used.

‘The administrative law judge approve the rules for adoption on August 17, 2007. The
department received a report from the law judge concerning the comments that had been
submitted. In the report the judge said that the consideration that the department gave in
developing the HRL values was reasonable, and that the commentators did not show that the
department had been unreasonable (Appendix F).

‘The HRLS for PFOA and PFOS became effective August 27, 2007, when they were published in
the State Register (Volume 32, Number 9, page 373). The final version of the rule, received from
the revisor’s office on August 27, 2007, is attached (Appendix G).

The current rules for PFOA and PFOS (HRLSof 0.5 and 0.3 ug/L, respectively) are temporary
rules that can only be in place for two years. As described on pages 6 through § of this report and
in AppendicesC and D, the department has drafted a new analysis of the data that updates the.
basis of both HRL values and results in a new draft value of 0.3 ug/L for PFOA. The department
intends to include the updated analyses for PFOA and PFOS in a revision of the entire HRL rules
that is currently underway.
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A noticesoliciting comment on the possible revision of the HRL rule was published in the State.
Register on September 10, 2007 (although PFCs were not specifically mentioned). Other
necessary steps (drafting the rules, drafting the Statement of Need and Reasonableness, and
preparing notifications) are in progress. Individuals interested in following the rules revision
process are encouraged to subscribe to the HRL Rules Revision Gov Delivery service available
through the department web site
(http://www. health state. mn.us/divs/eh/sroundwater/hrigw/index: hm. Notice of
announcements, meetings, and new materials posted on the web site are sent out to subscribers
by email. The public is encouraged to comment on the posted draft HRL, Rules and SONAR.
‘When comments are received they are posted at:
hitp://www. health, state. mn. us/divs/ehygroundwater/hrlgw/comment/index html.

Multiple public meetings to inform the public abou the department's draft ofa rules revision
have been held. A public meeting held on September 13, 2007, focused on the draft rules and
draft SONAR released September 10, 2007. A meeting on October 11, 2007, focused on four
examples of chemicals that would be included in the rules. Information about meetings is
published on the rules revision web site,
http://www.health state.mn.us/divs/eh/groundwater/hrlgw/meetingshtm.

‘The draft HRLS for PFOA and PFOS were published to the department rules revision web site on
December 28, 2007. An announcement concerning the new values was distributed to the email
list of interested stakeholders on the same date. The department welcomes comments on the.
PFOA and PFOS draft HRL from interested persons at any time. A formal comment period will
be part of the rule making procedures in 2008 following publication of the proposed rules in the
State Register

T0. The health effects and the need to develop health risk limits for perfluorobutanoic acid
and other perfluorochemicals

“The department assembled literature for other PECs based on literature reviews and contacts with
the EPA and 3M. Staff talked with toxicologists and risk assessors in other states to determine if
there may be additional studies and data to review. The data for perfluorobutanoic acid (PFBA)
are limited. but as of now the quality of the data appear adequate for developing a Health Based
Value. Staff scientists recently acquired additional data (such as serum level values for PFBA
studies) and are preparing the assessment that the department will use to establish a Health Based
Value.

‘The department's advice for using drinking water supplies contaminated with PFBA has been
based on a guidance value of 1 ug/L. This value was used for PFOA prior to February 2007
(when the revised Health Based Values were established) and used for any other PFC that is a
carboxylic acid form. At the time that the PFOA Health Based Value was established. the:
department was aware that animal studies showed that PFBA was less toxic than PFOA. The
department believe that the toxicity and half-life information meant that PFBA would be less
toxic to humans than PFOA. However, the information was inadequate to determine a guidance.

n

3246.0013

A notice soliciting comment on the possible revision of the HRL rule was published in the State 
Register on September 10, 2007 (although PFCs were not specifically mentioned). Other 
necessary steps (drafting the rules, drafting the Statement of Need and Reasonableness, and 
preparing notifications) are in progress. Individuals interested in following the rules revision 

process are encouraged to subscribe to the HRL Rules Revision Gov Delivery service available 
through the department web site 

(http://www.health.state.mn.us/divs/eh/groundwaterihrlgw/index.html). Notice of 
announcements, meetings, and new materials posted on the web site are sent out to subscribers 
by email. The public is encouraged to comment on the posted draft HRLs, Rules and SONAR. 
When comments are received they are posted at: 

http ://www.health. state.mn.us/divs/eh/groundwaterihrlgw/comment/index.html. 

Multiple public meetings to inform the public about the department’ s draft of a rules revision 
have been held. A public meeting held on September 13, 2007, focused on the draft rules and 
draft SONAR released September 10, 2007. A meeting on October 11, 2007, focused on four 
examples of chemicals that would be included in the rules. Information about meetings is 
published on the rules revision web site, 
http ://www.health. state.mn.us/divs/eh/groundwaterihrlgw/meetings.htm. 

The draft HRLs for PFOA and PFOS were published to the department rules revision web site on 
December 28, 2007. An announcement concerning the new values was distributed to the email 
list of interested stakeholders on the same date. The department welcomes comments on the 
PFOA and PFOS draft HRL from interested persons at any time. A formal comment period will 
be part of the rule making procedures in 2008 following publication of the proposed rules in the 
State Register. 

II. The health effects and the need to develop health risk limits for perfluorobutanoic acid 
and other perfluorochemicals 

The department assembled literature for other PFCs based on literature reviews and contacts with 

the EPA and 3M. Staff talked with toxicologists and risk assessors in other states to determine if 

there may be additional studies and data to review. The data for perfluorobutanoic acid (PFBA) 

are limited, but as of now the quality of the data appear adequate for developing a Health Based 

Value. Staff scientists recently acquired additional data (such as serum level values for PFBA 

studies) and are preparing the assessment that the department will use to establish a Health Based 

Value. 

The department’ s advice for using drinking water supplies contaminated with PFBA has been 
based on a guidance value of 1 ug/L. This value was used for PFOA prior to February 2007 
(when the revised Health Based Values were established) and used for any other PFC that is a 
carboxylic acid form. At the time that the PFOA Health Based Value was established, the 
department was aware that animal studies showed that PFBA was less toxic than PFOA. The 
department believed that the toxicity and half-life information meant that PFBA would be less 
toxic to humans than PFOA. However, the information was inadequate to determine a guidance 
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value specific for PBA. The department continued to use the guidance value of 1 ug/L for
PBA after the PFOA Health Based Valueof 0.5 ug/L was established.

‘The PFBA animal toxicity studies that the department has reviewed were conducted by the EPA,
by an independent contract laboratory on behalf of 3M, and by other researchers. The studies
include four 5-day to 14-day studies in male rats and mice that assessed liver effects, a 28-day
study in male and female rats, a 90-day study in male and female rats, and a developmental study
(dosing during gestation) in female mice. The department reviewed short summaries (from
poster presentations at scientific meetings) on the comparative pharmacokinetics (half-life
information) of PBA in rats, mice, and monkeys. The department has also received reports on
half-life in humans (workers) from 3M.

“The department has made the process of acquiring PFBA data and reviewing the data for quality
and consistency a high priority. Assuring the toxicity data are reproducible (that is, accurate) is
beyond the capacity of the department, but this assurance is part of the current toxicity work of
the EPA and such assurance will continue as additional scientists replicate the toxicity work of
both 3M and the EPA. The department is discussing the PFBA data with EPA scientists, 3M
scientists, toxicologists in other states, and independent researchers in academia. Department
staff have attended scientific meetings at which PFC toxicology and risk assessment is discussed
and in this way the department learns who is conducting and interpreting PFC research. To date,
the department has no reason to doub the accuracy of the PFBA toxicity data. The department is
currently asking academic and govemment researchers in Minnesota and other states specific
questions concerning how to interpret the scientific data. For example, the department has asked
researchers whether the specific thyroid hormone assays that 3M conducted can be used to
support 3M hypotheses concerning thyroid function. This constant monitoring of the science is
necessary in order to determine which studies and which health endpoints should be used as the
basis for risk assessments.

‘The PFBA studics that appear most useful for risk assessment arc the 28- and 90-day studies in
rats. In these studies, changes in liver, serum cholesterol and thyroid hormone levels were found
at low doses. The department intends to use this information to develop a Health Based Value in
the next two months. Staff intend to base a PFBA health based calculation on toxicity data
specific to PBA, half-life information fora human equivalent dose, and intake rates reflecting
the shorter halflife of PFBA. New data on PFBA toxicity are expected in the future, and any
Health Based Value could change within the next few years. The department will consider all of
the available data in calculating a value and take into account the uncertainty around any lack of
data

There are few studies on other PECs, butstaff conducted a cursory review of the available
studies to compare the toxicity of the PFCs. This initial review showed that other PFC are likely
0 be no more toxic than PFOA or POS. The department has listed known studies in
Appendix H. There are no plans at the present time to develop Health Based Values for other
PFCs,
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value specific for PFBA. The department continued to use the guidance value of 1 ug/L for 
PFBA after the PFOA Health Based Value of 0.5 ug/L was established. 

The PFBA animal toxicity studies that the department has reviewed were conducted by the EPA, 
by an independent contract laboratory on behalf of 3M, and by other researchers. The studies 
include four 5-day to 14-day studies in male rats and mice that assessed liver effects, a 28-day 
study in male and female rats, a 90-day study in male and female rats, and a developmental study 
(dosing during gestation) in female mice. The department reviewed short summaries (from 
poster presentations at scientific meetings) on the comparative pharmacokinetics (half-life 
information) of PFBA in rats, mice, and monkeys. The department has also received reports on 
half-life in humans (workers) from 3M. 

The department has made the process of acquiring PFBA data and reviewing the data for quality 
and consistency a high priority. Assuring the toxicity data are reproducible (that is, accurate) is 
beyond the capacity of the department, but this assurance is part of the current toxicity work of 
the EPA and such assurance will continue as additional scientists replicate the toxicity work of 
both 3M and the EPA. The department is discussing the PFBA data with EPA scientists, 3M 
scientists, toxicologists in other states, and independent researchers in academia. Department 
staff have attended scientific meetings at which PFC toxicology and risk assessment is discussed 
and in this way the department learns who is conducting and interpreting PFC research. To date, 
the department has no reason to doubt the accuracy of the PFBA toxicity data. The department is 
currently asking academic and government researchers in Minnesota and other states specific 
questions concerning how to interpret the scientific data. For example, the department has asked 
researchers whether the specific thyroid hormone assays that 3M conducted can be used to 
support 3M hypotheses concerning thyroid function. This constant monitoring of the science is 
necessary in order to determine which studies and which health endpoints should be used as the 
basis for risk assessments. 

The PFBA studies that appear most useful for risk assessment are the 28- and 90-day studies in 
rats. In these studies, changes in liver, serum cholesterol and thyroid hormone levels were found 
at low doses. The department intends to use this information to develop a Health Based Value in 
the next two months. Staff intend to base a PFBA health based calculation on toxicity data 
specific to PFBA, half-life information for a human equivalent dose, and intake rates reflecting 
the shorter half life of PFBA. New data on PFBA toxicity are expected in the future, and any 
Health Based Value could change within the next few years. The department will consider all of 
the available data in calculating a value and take into account the uncertainty around any lack of 
data. 

There are few studies on other PFCs, but staff conducted a cursory review of the available 
studies to compare the toxicity of the PFCs. This initial review showed that other PFCs are likely 
to be no more toxic than PFOA or PFOS. The department has listed known studies in 
Appendix H. There are no plans at the present time to develop Health Based Values for other 
PFCs. 
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TIL. The health effects and the need to develop health risk limits for combinations of
perfluorochemicals

“The legislature asked for information on the need to develop HRLS for mixtures of
perfluorochemicals. The preferred scientific approach is to base a risk assessment fora particular
exposure on the results ofa toxicity study that perfectly duplicates the exposure. This means that
a study might be done with the exact mixture found in a well. This type of mixtures work has not
been done with perfluorochemicals and has rarely been done with other chemical mixtures. Even
when toxicity studies have been completed with mixtures, the results are difficult to apply to the
resultsof environmental sampling because the ratio of chemicals found in each water sample
may not be the same as the ratioof chemicals used in the toxicity study. Mixtures in the.
environment can be very different across different geographic locations and may change over
time. so there might be an endless number of unique toxicity studies that would need to be
conducted to accurately assess a complex or changing mix of chemicals.

Since toxicity data on mixtures is rarely available, the department offers rules and advice on
developing risk assessment when multiple chemicals are present. The department's
recommendation is to consider the combined effects of chemicals when two or more chemicals
ina mixture affect the same tissue, organ, or organ system. The methods in the HRL rule for
considering risks from multiple chemicals did not change with the adoption of the PFC rules, and
these methods will continue to be recommended by the department for PFCs as well as other
chemicals. This guidance is well accepted nationally (US EPA 2000) and within the state as a
simple yet protective procedure. The department provides instructions in the current and draft
HRL rules on a Hazard Index approach to assess risks from exposures to multiple chemicals. The
department will continue to advise the use of a hazard index with HRL values to assess risks
‘when multiple PFCs are present. Only PFCs with HRL values or other risk-based guidance will
be included in the hazard index approach (PFBA is not included at this time because no risk-
based guidance has been established by the department).

In order to consider the combined health risk of multiple chemicals, the department advises the
risk assessor to first compare the measured water concentrationofeach chemical to the.
corresponding HRL value. The result is a “hazard quotient.” For example, a water concentration
of 1.2 ug/L water compared to the corresponding HRL of3 ug/L results in a hazard quotient of
0.4 (see Table 1). A hazard quotient of 1 or less shows that the HRL has not been exceeded and
that the exposure is not harmful
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III. The health effects and the need to develop health risk limits for combinations of 
perfluorochemicals 

The legislature asked for information on the need to develop HRLs for mixtures of 
perfluorochemicals. The preferred scientific approach is to base a risk assessment for a particular 
exposure on the results of a toxicity study that perfectly duplicates the exposure. This means that 
a study might be done with the exact mixture found in a well. This type of mixtures work has not 
been done with perfluorochemicals and has rarely been done with other chemical mixtures. Even 
when toxicity studies have been completed with mixtures, the results are difficult to apply to the 
results of environmental sampling because the ratio of chemicals found in each water sample 
may not be the same as the ratio of chemicals used in the toxicity study. Mixtures in the 
environment can be very different across different geographic locations and may change over 
time, so there might be an endless number of unique toxicity studies that would need to be 
conducted to accurately assess a complex or changing mix of chemicals. 

Since toxicity data on mixtures is rarely available, the department offers rules and advice on 
developing a risk assessment when multiple chemicals are present. The department’s 
recommendation is to consider the combined effects of chemicals when two or more chemicals 
in a mixture affect the same tissue, organ, or organ system. The methods in the HRL rule for 
considering risks from multiple chemicals did not change with the adoption of the PFC rules, and 
these methods will continue to be recommended by the department for PFCs as well as other 
chemicals. This guidance is well accepted nationally (US EPA 2000) and within the state as a 
simple yet protective procedure. The department provides instructions in the current and draft 
HRL rules on a Hazard Index approach to assess risks from exposures to multiple chemicals. The 
department will continue to advise the use of a hazard index with HRL values to assess risks 
when multiple PFCs are present. Only PFCs with HRL values or other risk-based guidance will 
be included in the hazard index approach (PFBA is not included at this time because no risk- 
based guidance has been established by the department). 

In order to consider the combined health risk of multiple chemicals, the department advises the 
risk assessor to first compare the measured water concentration of each chemical to the 
corresponding HRL value. The result is a "hazard quotient." For example, a water concentration 
of 1.2 ug/L water compared to the corresponding HRL of 3 ug/L results in a hazard quotient of 
0.4 (see Table 1). A hazard quotient of 1 or less shows that the HRL has not been exceeded and 
that the exposure is not harmful. 
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Table 1. Examples of hazard quotient calculations for three chemicals found ina single water
sample.

inwaterugl) | (ug/l)

[BT 150 7500 [150500=03 [liver.Blood |

Tie Hazard Quotient the ratio of the amount detected in water and the HIRL value (that i, th water
concentration divided by the HRL value). Theresuling quotient is untkess because cach value has the same wits of
micrograms pr lite (ug/L).

To determine the health risks when multiple chemicals are present, the hazard quotients for each
health effect are added together. A sum of hazard quotients is called the “hazard index.” In the
example in Table 1,a hazard index for liver effects and a hazard index for developmental effects
should be calculated when chemicals A, B, and C are present in a sampleofdrinking water.

“The hazard index for liver effects is calculated by adding the hazard quotients for chemicals A
and B (0.4-+ 0.3 = 0.7). The hazard index for developmental effects is calculated by adding the
hazard quotients for chemicals A and C (0.4+ 0.8 = 1.2).

“The risk assessor advises the risk manager ofthe resulting hazard index. A hazard index that
exceeds one (as is the case with the hazard index for developmental effects in the example
above) indicates that an intervention to reduce exposure may be needed. For example, the well
owner may be advised to use bottled water until a filter is installed.

‘The department decides which health endpoints should be included in the risk assessment for a
mixture based on an understanding of the toxicity of each of the chemicals. The health endpoints
(there may be more than one) for cach HRL chemical are included in the HRL rule. The health
endpoints for PFOS are the liver and thyroid. The health endpoints for PFOA are liver, the
hematologic (blood) system, developmental effects, and the immune system. These are effects
that the department believes oceur at similar doses across the different studies that have been
conducted in animals. These are also effects that the department believes are appropriate.
‘groupings. For example, the department believes that various liver effects (for example,
abnormal liver cells and increased serum liver enzymes) should be consideredtogether even if
the effects are not identical or caused by the same toxic action in the organ

“This procedure not only addresses the potential combined effects of PFOS and PFOA on the
liver (a shared health endpoint of concern). it also addresses the combined effects of any other
chemicals that are analyzed for and found in the water. For example, the potential harmful
effects of the pesticides alachlor and simazine on the blood system should be added to the.
potential for harmful effects of PFOA on the blood system if all three are found in a water
sample.

‘The department uses the hazard index approach to assess potential health risks when multiple
chemicals are present in adrinking water sample. As described above, a hazard index of greater
than one indicates that public health action to reduce exposuremay be needed, and the
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Table 1. Examples of hazard quotient calculations for three chemicals found in a single water 
sample. 

Chemical Amount detected HRL Hazard Quotient* Health Effects 

in water ug/L) (ug/L) 

A 1.2 3 1.2/3 = 0.4 Liver, Developmental Effects 

B 150 500 150/500 = 0.3 Liver, Blood 

C 0.48 0.6 0.48/0.6 = 0.8 Developmental Effects 

* The Hazaxd Quotient is the ratio of the amount detected in water and the HRL value (that is, the water 

concentration divided by the HRL value). The resulting quotient is unitless because each value has the same units of 

micrograms per liter (ug/L). 

To determine the health risks when multiple chemicals are present, the hazard quotients for each 
health effect are added together. A sum of hazard quotients is called the "hazard index." In the 
example in Table 1, a hazard index for liver effects and a hazard index for developmental effects 
should be calculated when chemicals A, B, and C are present in a sample of drinking water. 

The hazard index for liver effects is calculated by adding the hazard quotients for chemicals A 
and B (0.4 + 0.3 = 0.7). The hazard index for developmental effects is calculated by adding the 
hazard quotients for chemicals A and C (0.4 + 0.8 = 1.2). 

The risk assessor advises the risk manager of the resulting hazard index. A hazard index that 
exceeds one (as is the case with the hazard index for developmental effects in the example 
above) indicates that an intervention to reduce exposure may be needed. For example, the well 
owner may be advised to use bottled water until a filter is installed. 

The department decides which health endpoints should be included in the risk assessment for a 
mixture based on an understanding of the toxicity of each of the chemicals. The health endpoints 
(there may be more than one) for each HRL chemical are included in the HRL rule. The health 
endpoints for PFOS are the liver and thyroid. The health endpoints for PFOA are liver, the 
hematologic (blood) system, developmental effects, and the immune system. These are effects 
that the department believes occur at similar doses across the different studies that have been 
conducted in animals. These are also effects that the department believes are appropriate 
groupings. For example, the department believes that various liver effects (for example, 
abnormal liver cells and increased serum liver enzymes) should be considered together even if 
the effects are not identical or caused by the same toxic action in the organ. 

This procedure not only addresses the potential combined effects of PFOS and PFOA on the 
liver (a shared health endpoint of concern), it also addresses the combined effects of any other 
chemicals that are analyzed for and found in the water. For example, the potential harmful 
effects of the pesticides alachlor and simazine on the blood system should be added to the 
potential for harmful effects of PFOA on the blood system if all three are found in a water 
sample. 

The department uses the hazard index approach to assess potential health risks when multiple 
chemicals are present in a drinking water sample. As described above, a hazard index of greater 
than one indicates that public health action to reduce exposure may be needed, and the 
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department makes such recommendations to risk managers. For example, when the hazard index
has exceeded one, the department has sent letters to residents with PFC contaminated wells
alerting residents that the concentrations of PFCs presenta health risk and that the water should
not be used for drinking and cooking. The letters also inform the well owner that Minnesota
Pollution Control Agency staff wil be contacting the household about delivery of bottled water
or installation ofa water filter.

“The procedures described above are not the only approach for considering the potential risks
from the presence of multiple chemicals. Other approaches use the hazard index approach (that
is, adding the health quotients from two or more contaminants), but only when the mechanism of
action of two substances is the same. This alternative tends to result in a lower hazard index (that
is, less likely to exceed a hazard index of 1 and therefore less likely to be considered a risk of
concern) compared to the practice of the department. Other approaches may add the hazard
quotients of all substances present in the water sample, regardless of the health endpoint. This
alternative tends to be result in a higher hazard index (that is, more likely to exceed a hazard
index of 1 and more likely to be considered a risk of concer) than the approach used by the
department. Another approach for considering the co-occurrence of PECs is 10 add the risks
using a toxic equivalency factor (Sciall et. al., 2007). Such methods are under investigation, but
are not likely to be useful for some time.

A this time, the department is not including PBA in the approach of adding hazard quotients
for PFCs found in a water sample. The department has used 1 ug/L as a decision point for giving
‘guidance to homeowners on reducing exposure. This value was not based on a specific health
endpoint from a toxicity study. Once a health-based value for PBA is derived, PBA will be
included in the hazard index approach along with PFOS and PFOA.

IV. A comparison of health-based values for perfluorochemicals established in
Minnesota and the values established for those chemicals in other states including the state
of New Jersey.

‘Two states have developed health protection values for PFOA contamination of drinking water.
“The states of New Jersey and North Carolina published values of 0.04 ug/L and 0.63 ug/L,
respectively, in 2007. The department is not aware of any other values developed by any other
states. The EPA derived an action valueof0.50 ug/L for PFOA as part ofa Consent Order for
the DuPont Washington Works facility (http://wwiv.cpa. gov/opptintr/pfoa/index.htm). The
United Kingdom and Germany have also developed values for PFOA or PFOS that range from
0.10 5 ug/L andhigher(Appendix 1).

‘The New Jersey Water Value

“The State of New Jersey based their preliminary risk assessment for PFOA on an analysis of the
serum level in animal studies and a factor to convert a human equivalent serum level to a water
evel (Post, 2007). New Jersey used information from a 2005 EPA draft risk assessment of
PFOA (US EPA 2005) to determine a no effect level of PFOA in the serum of tested female rats
(1,800 ug/L. serum). Default uncertainty and variability factors (totaling 100) were used to divide:
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department makes such recommendations to risk managers. For example, when the hazard index 
has exceeded one, the department has sent letters to residents with PFC contaminated wells 
alerting residents that the concentrations of PFCs present a health risk and that the water should 
not be used for drinking and cooking. The letters also inform the well owner that Minnesota 
Pollution Control Agency staff will be contacting the household about delivery of bottled water 
or installation of a water filter. 

The procedures described above are not the only approach for considering the potential risks 
from the presence of multiple chemicals. Other approaches use the hazard index approach (that 
is, adding the health quotients from two or more contaminants), but only when the mechanism of 

action of two substances is the same. This alternative tends to result in a lower hazard index (that 
is, less likely to exceed a hazard index of 1 and therefore less likely to be considered a risk of 
concern) compared to the practice of the department. Other approaches may add the hazard 
quotients of all substances present in the water sample, regardless of the health endpoint. This 
alternative tends to be result in a higher hazard index (that is, more likely to exceed a hazard 
index of 1 and more likely to be considered a risk of concern) than the approach used by the 
department. Another approach for considering the co-occurrence of PFCs is to add the risks 
using a toxic equivalency factor (Scialli et. al., 2007). Such methods are under investigation, but 
are not likely to be useful for some time. 

At this time, the department is not including PFBA in the approach of adding hazard quotients 
for PFCs found in a water sample. The department has used 1 ug/L as a decision point for giving 
guidance to homeowners on reducing exposure. This value was not based on a specific health 
endpoint from a toxicity study. Once a health-based value for PFBA is derived, PFBA will be 
included in the hazard index approach along with PFOS and PFOA. 

IV. A comparison of health-based values for perfluorochemicals established in 
Minnesota and the values established for those chemicals in other states including the state 
of New Jersey. 

Two states have developed health protection values for PFOA contamination of drinking water. 
The states of New Jersey and North Carolina published values of 0.04 ug/L and 0.63 ug/L, 
respectively, in 2007. The department is not aware of any other values developed by any other 
states. The EPA derived an action value of 0.50 ug/L for PFOA as part of a Consent Order for 
the DuPont Washington Works facility (http://www.epa.gov/opptintr/pfoa/index.htm). The 
United Kingdom and Germany have also developed values for PFOA or PFOS that range from 
0.1 to 5 ug/L and higher (Appendix I). 

The New Jersey Water Value 

The State of New Jersey based their preliminary risk assessment for PFOA on an analysis of the 
serum level in animal studies and a factor to convert a human equivalent serum level to a water 

level (Post, 2007). New Jersey used information from a 2005 EPA draft risk assessment of 
PFOA (US EPA 2005) to determine a no effect level of PFOA in the serum of tested female rats 
(1,800 ug/L serum). Default uncertainty and variability factors (totaling 100) were used to divide 
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the no effect serum level in female rats to a serum level of 18 ug/L that would be unlikely to
harm humans. In comparison, a recent study at the US Centers for Disease Control and
Prevention (CDC) found that the level of PFOA in the general population does not reach this
concentration (Calafat et. al, 2007). Fifty percent of the more than 2,000 randomly selected
people in the CDC study had serum concentrations of 4.0 ug/L and 95 percent of those tested had
a serum level of 9.8 ug/L or less,

New Jersey next calculated a drinking water concentration that would result in an accumulation
of 18 ug/L PFOA in the serum. New Jersey scientists felt that the appropriate conversion or
mathematical relationship between serum and water was a factor of 100. The factor of 100 came
from a studyof individuals who drank from a contaminated water supply in Little Hocking,
Ohio. The median serum concentration among the 371 subjects in the Little Hocking study was
354 ug/L and the average PFOA concentration in Little Hocking system distribution water was
3.55 ug/L (Emmett, ct. al, 2006; 2006). A simple comparison between the two values is the
ratio of 354/3.55 or 100. The 100-fold factor does not distinguish between exposures from the
water supply and other exposures. However, New Jersey used a relative source contribution
factor of0.2 in the same way that the department took into account other sources of exposure.

New Jersey used the factor of 100 to calculate drinking water values from seven animal toxicity
studies. The seven results were compared and the lowest water concentration, 0.04 ug/L, was
selected as the health-based drinking water guidance for the state. Details of the analysis of data
and calculations that were used are at
hitp://www.state.nj.us/dep/watersupply/pfoa_dwguidance.pdf.

‘The North Carolina Water Value

“The State of North Carolina calculated an interim value of2 ug/L for PFOA in water in
November 2006 followedby a Public Health Goal of 0.63 ug/L. in June 2007. The first
calculation (the interim valueof 2 ug/L) was calculated by the North Carolina Division of Water
quality (http://h20.enr.state.ne.us/esu/documentsIMACBsisC8.pdf) and was based on a
reference dose from a rat study. The more recent calculation (the Public Health Goal of
0.63 ug/L) was calculated by the North Carolina Division of Public Health (Williams, L.C., and
Rudo, K., 2007) and was based ona reference dose from a monkey study. The Public Health
Goal (PHG) was reviewed by a state Science Advisory Board in February 2007
(htp//www.ncair.orghoxies/riskisablproceed/121.pdf).

‘The PHG calculation was based on a reference dose recommended by researchers at CIT
Centers for Health Research in Research Triangle Park, NC (now known as the Hamner
Institutes for Health Sciences): a relative source contribution factor of 0.2; an intake rate of
2 L/day: and a body weight of 70 kg. The reference dose calculated by researchers at CIIT was
based on the same monkey study and health effect selected by the Minnesota Department of
Health. The CIIT researchers used the benchmark dose based on serum level developed by 3M
(23 ug/ml). The CIT researchers used a pharmacokinetic model developed in monkeys but
scaled to humans to estimate that an oral dose (in ug/kg-d) is about 0.12 times the serum level (in
ug/L). Uncertainty factors (totaling 30) were used to reduce the human equivalent dose from
the calculation to a reference dose. The resulting reference dose was 0.00009 mg/kg-d
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the no effect serum level in female rats to a serum level of 18 ug/L that would be unlikely to 
harm humans. In comparison, a recent study at the US Centers for Disease Control and 

Prevention (CDC) found that the level of PFOA in the general population does not reach this 
concentration (Calafat et. al., 2007). Fifty percent of the more than 2,000 randomly selected 
people in the CDC study had serum concentrations of 4.0 ug/L and 95 percent of those tested had 
a serum level of 9.8 ug/L or less. 

New Jersey next calculated a drinking water concentration that would result in an accumulation 
of 18 ug/L PFOA in the serum. New Jersey scientists felt that the appropriate conversion or 
mathematical relationship between serum and water was a factor of 100. The factor of 100 came 
from a study of individuals who drank from a contaminated water supply in Little Hocking, 
Ohio. The median serum concentration among the 371 subjects in the Little Hocking study was 
354 ug/L and the average PFOA concentration in Little Hocking system distribution water was 
3.55 ug/L (Emmett, et. al, 2006a; 2006b). A simple comparison between the two values is the 
ratio of 354/3.55 or 100. The 100-fold factor does not distinguish between exposures from the 
water supply and other exposures. However, New Jersey used a relative source contribution 
factor of 0.2 in the same way that the department took into account other sources of exposure. 

New Jersey used the factor of 100 to calculate drinking water values from seven animal toxicity 
studies. The seven results were compared and the lowest water concentration, 0.04 ug/L, was 
selected as the health-based drinking water guidance for the state. Details of the analysis of data 
and calculations that were used are at 

http://www, state.ni.us/dep/watersuppl¥/pfoa dwguidance.pdf. 

The North Carolina Water Value 

The State of North Carolina calculated an interim value of 2 ug/L for PFOA in water in 
November 2006 followed by a Public Health Goal of 0.63 ug/L in June 2007. The first 
calculation (the interim value of 2 ug/L) was calculated by the North Carolina Division of Water 
quality (http:/ih2o.enr.state.nc.us/csu/documents/IMACBasisC8.pdf) and was based on a 
reference dose from a rat study. The more recent calculation (the Public Health Goal of 
0.63 ug/L) was calculated by the North Carolina Division of Public Health (Williams, L.C., and 
Rudo, K., 2007) and was based on a reference dose from a monkey study. The Public Health 
Goal (PHG) was reviewed by a state Science Advisory Board in February 2007 

(http://www.ncair.org/toxics/risk/sab/proceed/121 .pdf). 

The PHG calculation was based on a reference dose recommended by researchers at CIIT 
Centers for Health Research in Research Triangle Park, NC (now known as the Hamner 

Institutes for Health Sciences); a relative source contribution factor of 0.2; an intake rate of 
2 L/day; and a body weight of 70 kg. The reference dose calculated by researchers at CIIT was 
based on the same monkey study and health effect selected by the Minnesota Department of 
Health. The CIIT researchers used the benchmark dose based on serum level developed by 3M 
(23 ug/ml). The CIIT researchers used a pharmacokinetic model developed in monkeys but 
scaled to humans to estimate that an oral dose (in ugikg-d) is about 0.12 times the serum level (in 
ug/mL). Uncertainty factors (totaling 30) were used to reduce the human equivalent dose from 

the calculation to a reference dose. The resulting reference dose was 0.00009 mgikg-d 
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(Appendix J). Although the details of the pharmacokinetic model are not published, North
Carolina described the calculation as equivalent to multiplying the target serum level (in this
case, 23 ug/ml) by a factor of0.12, and dividing by the total uncertainty factor of 30. Prior to the
development of the North Carolina value, the CIIT researchers had developed a reference dose of
0.000086 mg/ke-d, which they presented at the 2006 annual meeting of the SocietyofRisk
Analysis.

Comparisons to the Minnesota Department of Health Value

A risk assessment is based on toxicity studies, and the selection of the appropriate toxicity study
and analysis is a fundamental decision for PFC risk assessments. The New Jersey assessment
used toxicity data from a chronic feeding study of rats. However, New Jersey relied upon serum
levels of concer estimated by EPA using a pharmacokinetic model based on an acute (one
single dose) study with female rats. In this short-term study, the half-life for the chemical in the
female rats was shorter than the dosing interval used in the study. The department is concerned
that the model may not be adequate for estimating serum levels in chronic studies. When serum
level data from toxicity studies are compared, the PFOA serum levels of concern tend to be more.
consistent in studies of animals with longer half-Jives, such as monkeys. The results of this
pharmacokinetic model were applied to a chronic rat feeding study to estimate a PFOA serum
level that caused chronic health effects. In addition, serum levels were not actually measured in
the rat study used by New Jersey (New Jersey scientists had to rely on modeled serum data for
rats).

‘The Minnesota Department of Health used the monkey study due to the half-life considerations,
the potential greater similarities between humans and monkeys, and because researchers
‘measured PFOA serum levels in the monkey study. The department believes that measured
serum levels in monkeys are more reliable than modeled data from female rats.

Another important consideration in risk assessment is the selection of uncertainty and variability
factors. Both the type ofuncertaintyand the magnitude of uncertainty are important
considerations in evaluating studies and comparing the results. New Jersey's supporting
documentation for their water value shows that New Jersey scientists also derived a water value
based on the same monkey study selected by the department. The New Jersey water value based
on the monkey study was ten-fold lower than the value derived by the department. The reason
for the difference is explained by the selection of uncertainty factors. New Jersey used a ten-fold
uncertainty factor for the possibility that a longer study conducted with lower doses (the monkey.
study lasted six-months) would result in a lower dose of concer. The department made the
determination that the critical effects at low doses in all of the PFOA studies occurred at similar
‘human equivalent dose levels and took a minimal period of time to develop. and the department
did not use a subchronic-to-chronic uncertainty factor.

“The approach of using serum levels as a basis for deriving references doses and HRLS is of great
interest and uility, but there may be many approaches to describing the relationship between the
oral dose in humans and the resulting human blood serum level of PFOA. New Jersey used a
very simplistic ratio of human serum and water concentration from the study by Emmett. The
Emmett study did not take into account additional sources of exposure besides water: the length
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of time individuals had been drinking the water; changes in water concentration; or the amount
of water each person drank. Emmett presented data that indicated the potential for wide variation
in the relationship between water concentration and serum level. For example. six people:
drinking from a contaminated private well as the only source of residential drinking water
exhibited ratios ranging from 142 to 855 (Emmett 20064).

During scientific meetings and in conversations with EPA the department learned that serum
levels represent the best measure of body burden and are abetter choice than administered dose
for PFC risk assessments. The department used serum level data in an approach similar to that
used by North Carolina. The department developed a reference doseof0.000077 that was very
similar to the valueof0.00009 me/ke-d developed by North Carolina. The department has not
received detailed analysis from North Carolina to determine the difference in methods. However,
North Carolina depended on a relationship (exposures to PFOA, in ng/kg-day, can be estimated
50.12 times the plasma concentration in ng/mL) calculated by CIIT scientists based on a
pharmacokinetic model developed in monkeys but scaled to humans. The pharmacokinetic
model used by Minnesota resulted in a nearly identical relationship (exposures to PFOA in
ng/kg-day are approximately 0.1 times the plasma concentration in ng/mL). A presentation the
CIIT made to the North Carolina scientists suggests that elimination at high doses does not
follow a simple one-compartment modelofelimination. However, given the slight difference in
the exposure to serum relationships derived by CIIT and MDH, it appears that at low doses the
simple one-compartment model used by MDH adequately approximates the relationship.

Each of the reference doses described above (from the department, CITT, or North Carolina)
yields the same HRL of 0.3 ug/L when used in the department's HRL equation.

“The other difference between the drinking water calculations made by North Carolina, New
Jersey. and Minnesota is the water intakes. Minnesota used a time-weighted average water intake.
rate (0.053 Likg-day) based on new exposure data analyzed by the EPA. The result is a higher
intake because the greater intake during childhood is included in the calculation. The other states
used the default drinking water intake for adults based on 2 L. per day for 70 kg adults
(approximately 0.029 Likg-day). This 2-fold difference between adult intake and a time-
weighted average intake accounts for the difference between the department HRL calculation
and the North Carolina public health goal calculation.
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Web References in Text

Corrected drinking water intake table:
http://www. health, state. mn.us/divs/eh/sroundwater/hrigw/tabled_4.pdf

Minnesota Statute for Good Cause Exemption
hitp://ros leg. m/bin/getpub.phptype=s&num=14,388&vear=2007

MDH rule revision web pages:
General information about the rules

http://www.health.state.mn.us/divs/eh/groundwater/hrlgw/indexhtml
Comments on rules received by the department

http://www.health,state.mn.us/divs/eh/sroundwater/hrlgw/comment/index. html.
Information about public meetings

http://www.healthstate.mn.us/divs/eh/groundwater/hrlgw/meetings htm.

EPA action value for the DuPont Washington Works facility:
http://www. cpa.gov/opptintr/pfoa/indexhim

New Jersey drinking water value:
http://www. state.nj.us/dep/watersupply/pfoa_dwguidance.pdf

North Carolina Division of Water quality interim drinking water value:
http://h2o.enr.state.nc.us/esu/documents/IMACRBasisC8.pdf

North Carolina Science Advisory Board (NCSAB) On Toxic Air Pollutants
Proceedings of the February 22, 2007 Meeting
http://www. ncair.orghtoxics/risk/sablproceed/121pdf
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Memo 
Date: 

To: 

Via: 

From: 

Subject: 

Febmary 26, 2007 

John Stine, Environmental Health Division Director 

Larry Gust, Environemental Surveillance and Assessment 

Pamela Shubat, Health Risk Assessment Unit Supervisor.Lg~Ar~ 

Helen Goeden, Health Risk Assessment Unit staff 

Health Based Values for Perfluorooctanoic acid (PFOA) 

In 2002 the Minnesota Department of Health (MDID developed a HBV of 7 ppb for PFOA. Since 2002 

additional toxicity data, toxicokinetic data, and reviews of preexisting data have been produced. After a 

careful review of this information the Health Risk Assessment Unit staff recommends that the HBV for 

PFOA be lowered to 0.5 ugiL (ppb). 

The following information was utilized in generating the revised HBV: 

Chemical    CAS # Endpoint RfD (mg/kg-d) HBV (u~L) Source 
PFOA 335-67-1 hepatic (liver) system, 0.00014 0.5 MDH 2007 

hemotopoietic (blood) 
system, developmental, 
and immune system 

More detailed information, supporting the development of the HBV, is attached. Please be advised that, 

although we believe that this number will provide an adequate level of protection, there is a degree of 

uncertainty associated with all HBVs, and they should be considered provisional. Professional judgment 

should be used in implementing this I-IBV: MDHwill review this ItBV if and when additional studies 

have been conducted, 

The MDH’s authority to promulgate health risk limits under the Groundwater Protection Act is limited 

to situations where degradation has already occurred. Similarly, health-based values, which are un- 

promulgated exposure values, serve as interim advice issued for specific sites where a contaminant has 

been detected. As such, neither health risk limits nor health-based values are developed for the purpose 

of providing an upper limit for degradation. 

CO." Lan’y Gust, MDH 

Pam Shubat, MDH 

Rita Messing, MDH 

Cathy Villas-Horns, MDA 
Shelley Burman, MPCA 
Paul Hoff, MPCA 
DougWetzstein, MPCA 

Environmental Health Division * 625 N. Robert St., P.O. Box 64975, St. Paul, MN, 55164-0975 = (651) 201-4899 
http:t/www.heahh.state.rmt.us 
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ATTACHMENT
'DATA FOR DERIVATIONOFGROUND WATER HEALTH BASED VALUE (BY)

Chemical Name: PeluoroctansicAcid (FFOA)
CAS: 395671(acd)

3625261 (ammoniumsal,APFO)
209500. (potassiumsal)
35955 odum salt)

Non-CancerHealthBasedValue (BY) =0.5 ug.
=toxicity vale,mehg Clavesourceconibaion) 1000 ging)make ee, Lg0)

(0.00014muff)x 02)5(1000ugg)
0053 Ligioy)

= osu

Tonic vl: 000014mgd (Cynomolgus monkeys)‘Sourceoftoicty aloe: MDH 2007(RID dived by MDID,PoinofDeprue: LOAEL3mghgd
Dose Meckc Adjustment: 70 Go adjust for bli drstion of 3.8 yess in mans versus 20

daysinmale Cymomolges monkeys)Tow uncertain cor. 300
OF locaton 3 irspecis toxicodynamic ilfernces, 10 species varity:

7d 10 OAEL10-NOAEL (for ack of 31o effectdos ntherica
sudy)

Cited efecty: Tncrssed elieliver weight
(Contin efecs: Redo number oferythrocytes, reducedbody weight ndbody.weight gain, developmental eects decreasedweightgi,delayed

developmental progres, hyposciv responsenicotine. duced
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ATTACHMENT 

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

Chemical Name: Perfluorooctanoic Acid (PFOA) 

CAS: 335-67-1(acid) 

3825-26-1 (ammonium salt, APFO) 
2395-09-8 (potassium salt) 

335-95-5 (sodium salt) 

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

= (toxicity value, mg/kg/d) x (relative source contribution) x (1000 uflmg) 

(intake rate, L/kg-d) 

= (0.00014 mg/kg!d) x (0.2) x (1000 ug/mg) 
(0.053 L/kg/day) 

= 0.5 ugtL 

Toxicity value: 0.00014 mg/kg-d (Cynomolgus monkeys) 
Source of toxicity value: MDH 2007 (RfD derived by MDH) 

Point of Departure: ’ LOAEL, 3 mg/kg-d 

Dose Metric Adjustment: 70 (to adjust for half-life duration of 3.8 years in humans versus 20 

days in male Cynomolgus monkeys) 
Total uncertainty factor: 300 
UF allocation: 3 interspecies toxicodynamic differences, 10 intraspecies variability; 

and 10 LOAEL-to-NOAEL (for lack of a no effect dose in the critical 
study) 

Critical effect(s)*: Increased relative liver weight 

Co-critical effect(s)*: Reduced number of erythrocytes, reduced body weight and body 

weight gain, developmental effects (decreased weight gain, delayed 

developmental progress, hypoactive response in nicotine-induced 

behavior test), suppressed IgM titers 

Additivity endpoint(s): Hepatic (liver) system, hematopoietic (blood) system, developmental, 

immune system 

Secondary effect(s)*: Decreased postnatal survival, increase in the incidence of full litter 

resorptions, altered mammary gland development, decreased thyroid 
hormones (T4 & T3), disruption of spontaneous behavior, changes in 

the adrenal cortex 
* for explanation of terms see Glossary located at: httg:llwww.health.state.mn.usldivs/ehl~roundwaterlhrl~w/~lossarv.html 
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Cancer Health Risk Limit (HRL) = N/A 

Volatile: No 

Summary of changes since 2002 HBV: 
Toxicity Value (RfD): 
Improved toxicokinetic (e.g., half-life) information allowed for the incorporation of a 70-fold dose- 
metric adjustment based on halfdife differences between humans and monkeys and a !0-fold decrease in 
the total UF. In 2002 a 30-fold factor (3 interspecies extrapolation + 10 subchronic-to-chronic) was used 
to address uncertainties around toxicokinetics. 

Intake rate: 

PFOA, unlike most ground water contaminants, has a long half-life and therefore will accumulate in the 

body if repeated exposure occurs over long-periods of time. Eventually the internal concentration of 

PFOA will reach a plateau (steady-state). The length of time to reach steady state conditions is 

equivalen~t to approximately 5 half-lives. In the case of PFOA the time to steady-state would be 

approximately 19 years (5 x human half-life of 3.8 years). The intake rate selected for the revised HBV 

was a time-weighted average intake of an upper-end consumer over the first 19 years of life (0.053 L/kg- 

d). This intake rate incorporates the higher intake rates early in life (i.e., infants and children) as well as 

the accumulation of the chemical over time. 

Consideration of Sensitive Populations: 
Delayed development and growth deficits in the offspring of females mice exposed during pregnancy 
have been reported at dose levels similar to the LOAEL of the critical study (3 mg/kg-d). Studies have 
shown that the developmental effects are mainly due to exposure during pregnancy rather than after 
birth. Possible HBVs, based on protection of a pregnant woman and her fetus, were also calculated, Two 
scenarios were evaluated: 1) a long-term exposure - exposure to the mother from birth to age 19 years, 
and 2) a short-term exposure - exposure to an infant. The long-tem~ exposure scenario incorporated 
accumulation over time and utilized a time-weighted intake rate 0.053 L/kg-d. The short-term exposure 
seen~o did not incorporate accumulation over time but did utilize a young infant intake rate of 0.221 
L/kg-d. The resulting potential HBVs for both scenarios were higher than the I-IBV based on the selected 
critical study in monkeys. 
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Summary o toxicit~¢ testing for health effects identified in the Health Standards Statute: 

Endocrine      Imrnunotoxicity Development    Reproductive Neurotoxicity 

Tested? Sec. Yes Yes Yes Yes 

Observationst 

Effects?           Yes             Yesz            Yes3         Unclear~         Yes5 

Note: Even if testing for a specific health effect was not conducted for this chemical, information about that effect may be 
available from studies conducted for other purposes. Most chemicals have been subject to multiple studies in which 
researchers identify a dose where no effects were observed, and the lowest dose that caused one or more effects. A toxicity 
value based on the effect observed at the lowest dose across all available studies is considered protective of all other effects 
that occur at higher doses. 

Comments on extent of testing or effects: 
t Hormonal perturbations (e.g., decreased thyroxine (T4) and triiodothyronine (T3) levels) have been 

observed in laboratory animals at dose levels approximately 3-fold higher than the LOAEL and have 

been identified as secondary effects. 
z Short-term immunotoxicity studies have shown that PFOA exposure suppresses humoral immunity and 

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

dose levels similar to the LOAEL. These effects have been identified as co-critical effects. At doses 3- 

fold higher than the LOAEL additional developmental effects (decreased pup viability, delays in eye 

opening, increased incidence of full-litter resorption, alterations in mammary gland development) are 

observed. Effects occurring at doses approximately 3 fold higher have been identified as secondary 

effects. 
~The results of the 2:generational study indicate that fertility is not affected by treatment. Full-litter 

resorption was observed at dose levels 3-fold higher than the LOAEL, however, it is unclear whether this 

resulted from maternal toxicity or a direct effect on the developing organism. Altered mammary gland 

development during the lactational period was observed in mice exposed to dose levels slightly higher 

than the critical study LOAEL during pregnancy. Increased incidence of fuIl-litter resorption and 

alterations in mammary gland development have been identified as a secondary effects; 
5 Hypoactive response to nicotine has been observed in neonatal mice and has been included in the list of 

co-critical effects. A dose-Mated increase in ataxia in the female rats was reported in the chronic 2 year 

study at dose levels greater than the LOAEL, however, this effect was not observed in males with higher 

body burdens or in 90 day studies utilizing higher doses. Disruption of spontaneous behavior following 

acute neonatal exposure to doses approximately 3-fold higher than the criticN study LOAEL have been 

observed and are identified as a secondary effect. The SAB has recommended additional neurological 

testing. 
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“Thefollowing sourceswere reviewed n the reparationof the IBV:
Andersen, ME, t. a. 2006 Pharmacokinetic Modelingof Satur, Renal Resopionof
Perliorodiylcid in Monkeys - Probingthe Detemnsatsof Lng Plana HallLives,Toxicology27158164
ABbot CJWolf,KPDas, CS Lau. 2007. Rlofperonisome proffer activatedrceporalpha
(PPAR) in medisingth developmenal octofpefucroocoicaid(PFOA) inthe mouse. The
Tovicologst (submitedfr th 2007 annual SOT meting.
ACGIH DocumentationofTLVs 201. Ammonium Perfiorooctnose.
Bitenhof,et al. 2002. Toxicity of Ammosium Perloroetancte in Male Cyromolgas Monkeys AferOnlDosing for Months.Toxicological Sciences 6924-257.
BtenboffJL, tl. 2004s. Pharmacokineticsofperforant in Cynomolgas monkeys.Toscologied Sciences82 394406
Biseaho,eta, 2008 The Reproductive Toricology of Ammonia Perflorooctanosts (AFO) nthe
Rat Toxicology 196: 95-116.
Buteahofca,2004. Charcteriationofsk of gener popultion exposure topeflucooctaoste.
Reg Tox and Pharm 9.363380.
Bitenbot etl. 2005. Response10eter othe dio, RegToxsndPam 42:146.147,
(CATT 2002 West Vigiia DeparmentofEnvironmental Protcion (DEP). Augst 2002. Final
‘Ammonium Pelucrootancate(CF) AssentafToxicityTeam(CTT)Report.
(Clewell HJ, TunYM, Anckrsen ME SocietyofRisk AnalysispresentationDec.2006. Applicationof
Phamacolineic Modeling toEstimatePFOA Exposes Asocsed with Messired Blood
Concentrations in Human Populations. Abstract M2.C'1.
DeWitJC,CBCopelandand RWLucbke. 2007. Dose.response of perorocctnoi acid-induced
immuncmodelationin adultCSTBLG mic.TheToxiologist(submited or the2007 Anna SOT
mecing.
Emmeet a1 20060. Community poseto Pefucroctanst: Relationshipsbetween ser
levels and cen health pacers. OEM 48(5771.75.
Emit, a. 20065 Community BxposretoPerluoroosanoi: Relaonships between sera
concentrationssd exposure source. JOEM 45(5)75910.
Fenton SE,C Lav,EPHines, IR Thibodeau, and 55 Whi.Logg erm healhefets of POA slr
prenatal and cational exposure in mice. TheToxicologit (submitedorthe 2007 Annu SOT
mecing).
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The following sources were reviewed in the preparation of the HBV: 

Andersen, ME, et. al., 2006 Pharmacokinetie Modeling of Saturable, Renal Resorption of 
Pcrfluoroalkylacids in Monkeys - Probing the Determinants of Long Plasma Half-Lives. Toxicology 
227:156-I64. 

Abbott B,CJ Wolf, KP Das,CS Lau. 2007. Role of peroxisome proliferator activated receptor-alpha 
(PPAR~t) in mediating the developmental toxicity of perfluorooctanoic acid (PFOA) in the mouse. The 
Toxicologist (submitted for the 2007 annual SOT meeting). 

ACGIH Documentation of TLVs 2001. Ammonium Peffluorooctanoate. 

Butenhoff, et al., 2002. Toxicity of Ammonium Peffluorooctanoate in Male Cynomolgus Monkeys After 
Oral Dosing for 6 Months. Toxicological Sciences 69:244-257. 

Butenhoff JL, et al., 2004a. Pharmacokinetics of perfluorooctanoate in Cynomolgus monkeys. 
Toxicological Sciences 82:394-406 

Butenhoff, et al., 2004b. The Reproductive Toxicology of Ammonium Perfluorooctanoate (AFO) in the 
Rat. Toxicology 196:95-116. 

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

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

CATT 2002. West Vir~nia Department of Environmental Protection (DEP). August 2002. Final 
Ammonium Pertluorooctanoate (C8) Assessment of Toxicity Team (CATT) Report. 

Clewell HJ, Tan YM, Andersen ME. Society of Risk Analysis presentation Dec. 2006. Application of 
Pharmacokinetic Modeling to Estimate PFOA Exposures Associated with Measured Blood 
Concentrations in Human Populations. Abstract M2-C.1. 

DeWit JC, CB Copeland and RW Luebke. 2007. Dose-response of perfluorooctanoic acid-induced 
immunomodulation in adult C57BL/6 mice. The ToxicologiSt (submitted for the 2007 Annual SOT 
meeting). 

Emmett E, et al. 2006a. Community Exposure to Perfluorooctanoate: Relationships between serum 
levels and certain health parameters. JOEM 48(8)771-79. 

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

Fent0n SE, C Lau, EP Hines, JR Thibodeaux, and SS White. Long-term health effects of PFOA after 
prenatal and lactational exposure in mice. The Toxicologist (submitted for the 2007 Annual SOT 
meeting). 
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Food SundaesAgeny (» UitedKingdon Government Agency),Commitee an ToicyofChericls
Food,ConsumerProducts ad the Enron. Sond Dry Working Paperon th Toles Daly

TakeforPeflouroocunoicAcid (ay 2006)
Food Standards Agency(+ United Kingdom Government Agency),CommiteeonTorieiyofChicas
in Foo, Consume Products ad the Environment. Minesof heuy 11, 2006necting.
FoodSandardsAgency, ComiteonToxiyCOT) of ChemicalsinFood, Consumer roducsand
he Environment. COT Sutement on theToleale DiyInefoPecfuoroocinoic Acd (November
206)
GermanityofHealth Drinking Water Comission.Provisional valuton ofPT i dreking.‘water withtheguidesubstances perfuoooctanoieaid(PFOA)and peflorooctane slot(PFOS) a:
examples. Jy 13,2006.hp amelbundesam dfngs chintergrndftn-dinking:
cz
Gurus ea,2006.GeneExpression Profsin RtLiverTresed With PefurooctnoicAcid (PFOA),
“Tou Si 89(193.107.
HendersonWhtandMA Smith200.Pefloroocanieaid(PFOA)and Peuoronananceacd(PFA)
in Feta and Neonatal Mice Following In Utero Exposure 10 5.2 Fuortelomer Alcohol (FIOH).ToniologeaSeences SSHS2 61.
Hinder, PM, E Mychres, SAGaanon, JL. Buteof,GL KennedyJr. 200. Peflorsactancts:
Placental and auiona anspor pharmacokineticsinas. Toxicology 211: 39-145.
Hider cal, 2006.Ag ffcto perflscoocinout (PFOA) pleaconceiration ipostwing.
rtfollowinora gavage withammoniumpeflorontanose(APFO)Tesiology 250195203,
Johanson,N,ta206. Neonatalexpose10perfuroocineslfonats(PEOS) and
perfloroacuncic sed(OA)cases deranged behaviour and creased susceptiofte cholinergic
stem in dlmic.TeToniologis Absirct 1455
KarmanA,Esson,BvanBevel, PODamen,M Aue,A Gyn,SLigel and GLindstrom.2006.

Exposure ofeflunointed Chicas through Lctston ~Levels of MschedHuman MilkandSur
and Temporal Trend, 1996 -2004, inSweden, EHPOnline November2006.
Kennedy tl. 2004 The ToxicologyofPeflorooctanste Cris Reviews in ToxicologySUA 351.
38.
Kado N and Y Kawashima 2003. Toxicity and oscokindic of perlomesanci aid in humans snd
animal.TheJournal ofToxicological Sences 2829-57.

Lau, C,JL. Butnboff,and JM Ropers. 2004.Thedevelopmentaltoxicofperfloroalylacidsandtheir
derivatives Tox App Pham195.291 241
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Food Standards Agency (a United Kingdom Government Agency), Committee on Toxicity of Chemicals 

in Food, Consumer Products and the Environment. Second Draft Working Paper on the Tolerable Daily 

Intake for Perflourooctanoic Acid (May 2006). 

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

Food Standards Agency, Committee on Toxicity (COT) of Chemicals in Food, Consumer Products and 

the Environment, COT Statement on the Tolerable Daily Intake for Peffluorooctanoic Acid (November 

2006), 

German Ministry of Health Drinking Water Commission. Provisional evaluation of PFr in drinking 

water with the guide substances peffluorooctanoie acid (PFOA) and perfluorooctane sulfonate (PFOS) as 

examples. July 13,2006. http:/twww.umweltbundesamt.de/uba-info-presse-elhintergrundlpft-in-drinldng- 

water.pdf 

Guruge et al, 2006. Gene Expression Profiles in Rat Liver Treated With Perfluorooctanoie Acid (PFOA). 
Tox Sci 89(1)93-107. 

Henderson WM and MA Smith 2007. Perfluorooctanoic acid (PFOA) and Perfluorononanoic acid (PFNA) 
in Fetal and Neonatal Mice Following In Utero Exposure to 8-2 Fluorotelomer Alcohol (FTOH). 

Toxicological Sciences 95(2)452-61. 

~nderliter, PM, E Mylchreest, SA Gann0n, JL Butenhoff, GL Kennedy Jr. 2005. Peffluorooctanoate: 
Placental and lactational transport)harmacokinetics in rats. Toxicology 211: 139-148. 

Hinderliter et a!., 2006. Age effect on perfluomoctanoate (PFOA) plasma concentration in post-weaning 
rats following oral garage with ammonium perfluorooetanoate (APFO) Toxicology 225:195-203. 

Johansson, N, et al., 2006. Neonatal exposure to perfluorooctane sulfonate (PFOS)and 
peffluorooctanoic acid (PFOA) causes deranged behaviour and increased susceptibility of the cholinergic 
system in adult mice. The Toxicologist Abstract # 1458 

Karrman A, I Ericson, B van Bavel, PO Damerud, M Aune, A Glynn, S Lignelt and G Lindstrom. 2006. 
Expos~e of Perfluoroinated Chemicals through Lactation - Levels of Matched Human Milk and Serum 
and a Temporal Trend, 1996 - 2004, in Sweden. EHP Online November 2006. 

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

Kudo N and Y Kawashima 2003. Toxicity and toxicokinetics of perfluorooctanoic acid in humans and 
animals. The Journal of Toxicological Sciences 28(2)49-57. 

Lau, C, JL Butenhoff, and JM Rogers. 2004. The developmental toxicity of perfluoroalkyl acids and their 

delivatives. Tox Appl Pharm 198:231-241. 
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Lau,et. 2005. Pharmacokineticevaluationof perfloroocanoecd nthe moss. Toxiclogt (Abst
oz)
Lata, 2006, Effects of perfioroocanoesc exposure duringpregnancy nthemouse,Toxicological
Sciences010.315.
Lau,B Abbot, andDC Walt 2007. efcrocinoiacdandWY14,643tetmentindice perosome
prlfcsion n vers of widype bot not PPAR. mice. The Toxicolagst (sbmited or the 2007
SonusSOT meeting).
Loveless et al, 2006. Comparative responses ofrats and mice exposed 0 inearbranched, Hoes, or
branchedammonium pefuarooctunoie (APFO).Toxicology 20:208.217,
Lube t al 2006. Evasion ofperloronctance cd mmanotoiety nalmice.Toxicologist
(Abts #259).
NewJerseyDepartment ofEnvironment] Protection, 2006 Dra preliminary Hesth-basd Guidlines for
PFOA inDrinking Wate st Pensgrove Woter Seply Company.
Ohmort K. N Kudo, K Katayama, Y Kavashim. 2003, Comparison of the txicokineics betwen
Pefucrocrbunylhesid with dfncabo chin lng. Toxicology 164135. 140.
Olenet a,2005. Prflsrooctaesufonste end Other Fisorochennicls i the SerumofAmerican Red
CrossAdu BloodDonor.EnvionHesth Persp 111:1892 101
Olsenctal. 2004, QuaniativeEvaluation of Perloroosansslfonte(PROS)andOtter orchemicals
ntheSerumof Children Joumalof Chilcen’s Hoslh 2:53.76,
iene l, 2005. Evasion ofthe halflife (172) of ciminasionofperoroocepeslfonte (PFOS),pefuorohexancsulfonie (PFS) and perfiorooctnoate (PFOA) from human serum. FLUOROS:

Intemational Symposium on FluriniedAlky Organics inthe Enviroment, TOXOLT.
Rosen MB, BD Abbot, JRSchmid, RDZt,KPDas,CJWolf1d C Las. 200.Geeprofilingin wild
ypendBPARGnllmic exposed 0 PFOA. The Toxcoloit (ubefor he 2007 Annu) SOT
mes).
Sake, R Leonard,M Callen.2006,Twenty-fiveserlongitadinal std of serumtotal holes elaed
10 a scrum biomarker of exposure serum perfluooctanostc or PFOA) in plyoe prodocton plat.

Presentation athe AmericanOccupationalHealthConference, May2006.
“TakacsMLand BD Abbot. 2007 ActivationofMousesndHom PerrisPrfferto-Actvted

Receptors (1,1)b PrsrooctaoicAcid ndPeruoroctaeSlfonseToicologiclSciences50),
108117,
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Lau, et al. 2005. Pharmacokinetic evaluation of perfluorooctanoic acid in the mouse. Toxicologist (Abstract 

#123~) 

Lau et al, 2006. Effects of perfluorooctanoic acid exposure during pregnancy in the mouse. Toxicological 

Sciences 90(2)510-518. 

Lau C, B Abbott, and DC Wolf. 2007. Perfluorooctanoic acid and WY 14,643 treatment induced peroxisome 

proliferation in livers of wild-type but not PPARa-null mice. The Toxicologist (submitted for the 2007 

annual SOT meeting). 

Loveless et al., 2006, Comparative responses of rats and mice exposed to linear/branched, linear, or 

branched ammonium perfluorooctanoate (APFO). Toxicology 220: 203-217. 

Luebke et al., 2006. Evaluation of perfluorooctanoic acid immunotoxicity in adult mice. Toxicologist 
(Abstract # 255). 

New Jersey Department of Environmental Protection. 2006 Draft preliminary Health-based Guidance for 

PFOA in Drinking Water at Pennsgyove Water Supply Company. 

Ohmori K, N Kudo, K Katayama, Y Kawashima. 2003. Comparison of the toxicokinetics between 

peffluorocarboxylic acids with different carbon chain length. Toxicology 184:135-140. 

Olsen et al., 2003. Perfluorooctanesulfonate and Other Fluorochemicals in the Serum of American Red 

Cross Adult Blood Dono!;s. Environ Health Perspec 111:1892-1901. 

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

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

Rosen MB, BD Abbott, JR Schmid, RD Zehr, KP Das, CJ Wolf and C Lau. 2007. Gene profiling in wild 
type and PPAR~ null mice exposed to PFOA. The Toxicologist (submitted for the 2007 Annual SOT 
meeting). 

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

Takacs ML and BD Abbot. 2007. Activation of Mouse and Human Peroxisome Proliferator-Activated 
Receptors (a, 13/~, y) by Perfluorooctanoic Acid and Perfluorooctane SulfonateToxicological Sciences 95(1)i 

108-117. 

Thayer, K. 2002. Environmental Working Group: Perfluorinated chemicals: Justification for inclusion of this 

chemical class in the national report on human exposure to environmental chemicals. 

http:/lwww.ewg.org/reports/pfcworlddpdf/EWG CDC.pdf 
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US. EnvironmentalProetionAgcy. November 4, 2002. Revised Draft Hazard Assessmentof
Perorocctnoic Acid nds Sats.
US. Bavironmental Psetion Agency. October 2004, Estimated Pr Capita Water Ingestion ndBody‘Weight in the United Ses - An Update. hip ww eps.ovivatersciencsnkingecipia).
US. Environmental Protection Agency. Janay 4, 2005. Draft isk Assessmentof he Pointl HonFlesh BectsAssociatedwith Exposure 1 PrsoroocincieAcid dsSat,
tp epgovopptposiplouiskum
US. Environmental Proetion Agency. May 2006 SABReviewofEPA'sDraft RiskAssertofthePotential Human eal lfc Associated wih Expose to Pelirooctaoic Acd sadis Salts
pine cpgovapdtish06006 df

US. Environmental Protection Agency. Nov. 17,2006, Merorsndumto Walker Smith rom
Christopher Weis: HazardEvaluations and RevidSitSpecThresholdfoPefucrooctanostc
(PFOAor C; CAS #335.61.1)i drinking wte esr he DuPont Washington Works ety, WestVirginia
US Environment! Protection Agen Nov. 20, 2006. SDWA 1431 ConsentOne Dull
‘WashingionWorks Pcl sunepagovigonOenforcementdupontodespif
White SS, AMCaaf,ZKudenyik,LTWilaneva,RDZe,LHelfet,MJ Stra, AB Lindstrom,IR Thibodeau,CWood, andSEFenton. 2007. Gestion PFOA Expos ofMice Assisted with‘AleraMamaGland Dvelopment foDans snd FemaleOfspng, ToxicologicalSince 96D.153144,
Wf, CJ,SE Fenton,JESchmid, AM Cals,ZKukleyik, XA Bryan, Thibodeau, KPDis,55Whit,CSLau, ndBD Abbot.3007.Developmental Tussi ofperfioroctano cid (FOR)in theCD:MosefeCross Foster ndRestrictedGestation)Exposures ToxicologicalScicoce 9500),6247s
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U.S. Environmental Protection Agency. November 4, 2002. Revised Draft Hazard Assessment of 

Perfluorooctanoic Acid and Its Salts. 

U.S. Environmental Protection Agency. October 2004. Estimated Per Capita Water Ingestion and Body 

Weight in the United States - An Update. http://www.epa.gov/waterscienceldrinkinglpercapita ) 

U.S. Environmental Protection Agency. January 4, 2005. Draft Risk Assessment of the Potential Human 

Health Effects Associated with Exposure tO Perfluorooctanoic Acid and Its Salts. 

.htto://www,epa.~ov/opDt!pfoa/pfoarisk.htm 

U:S. Environmental Protection Agency. May 2006. SAB Review of EPA’s Draft Risk Assessment of the 

Potential Human Health Effects Associated with Exposure to Perfluorooctanoic Acid and Its Salts. 

http;/Iwww.epa.zov/sab/pdflsab 06 006.pdf 

U.S. Environmental Protection Agency. Nov. 17, 2006: Memorandum to Walker Smith from 

Christopher Weis: Hazard Evaluations mad Revised Site-Specific Threshold for Perfluorooctanoate 

(PFOA or C8; CAS #335-67-1) in drinking water near the DuPont Washington Works facility, West 

Virginia. 

U.S. Environmental Protection Agency. Nov. 20, 2006. SDWA 1431 Consent Order-DuPont 

Washington Works Facility. www.epa.gov/region03/enforcemenl/dupont.......order.pdf 

White SS, AM Calafat, Z Kuklenyik, LT Willanueva, RD Zehr, L Helfant, MJ Strynar, AB Lindstrom, 

JR Thibodeaux, C Wood, and SE Fenton. 2007. Gestational PFOA Exposure of Mice is Associated with 

Altered Mammary Gland Development in Dams and Female Offspring. Toxicological Science 96(1), 

133-144. 

Wolf, CJ, SE Fenton, JE Schmid, AM Calafat, Z Kuklenyik, XA Bryant, J Thibodeanx, KP Das, SS 
White, CS Lan, and BD Abbott. 2007. Developmental Toxicity of perfluo~:ooctanoic acid (PFOA) in the 

CD-1 Mouse after Cross Foster and Restricted Gestational Exposures, Toxicological Science 95(2),    : 
462-473. 
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Memo 
Date: 

To: 

Via: 

From: 

Subject: 

February 26, 2007 

John Stine Environmental Health Division Director 

Larry Gust, Environemental Surveillance and Assessment Sec)tion Managel/tO~ 
Pamela Shubat, Health Risk Assessment Unit Supervisor/-~ 

Helen Goeden, Health Risk Assessment Unit staff , ’, 

Health Based Values for Perfluorooctane Sulfonate (PFOS) 

In 2002 the Minnesota Depa~ment of Health (1VIDH) developed a HBV of 1 ppb for PFOS. Since 2002 

additional toxicity data, toxicokinetic data, and reviews of preexisting data have been produced. After a 

careful review of this information the Health Risk Assessment Unit staff recommends that the HBV for 

PFOS be lowered to 0.3 ug/L (ppb). 

The following information was utilized in generating the revised HBV: 

Chemical    CAS # Endpoint RfD (myJkR-d) HBV (ug/L) Source 
PFOS 1763-23-I hepatic (liver) system 0.000075 0.3 MDH 2007 

and thyroid 

More detailed information, supporting the development of the I-IBV, is attached. Please be advised that, 

although we believe that this number will provide an adequate level of protection, there is a degree of 
uncertainty associated with all HBVs, and they should be considered provisional. Professional judgment 

should be used in implementing this HBV. lVIDH will review this HBV if and when additional studies 

have been conducted. 

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

co: Larry Gust, MDH 

Pam Shubat, MDH 

Rita Messing, MDH 

Cathy Villas-Horns, MDA 

Shelley Barman, MPCA 

Paul Hoff, MPCA 

Doug Wetzstein, MPCA 

Environraental Health Division = 625 N. Robert St., P.O. Box 64975, St. Paul, MN, 55164-0975 ,, (651) 201-4899 
http:f/www.health.state.am.us 
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ATTACHMENT
(Correcte March 9, 2007)

DATA FOR DERIVATION OF GROUND WATER HEALTHBASEDVALUE (IY)
Chemical Name: Perfluorooctane Sulfonate (PFOS)CAS: TR ack)

29081569 ammonium sal)
70225 148 ethanolamine sat)
2795.39.3 potassiam sl)
29457.72.5 ith sat)

Non-CancerHealthBased Value (HB) =03ug.
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3g.
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Soresoftox value: MDI 2007 (RDderived by ADI)Poin of Deprun. minimal LOAEL, 0.15 mgkg-dDose Met Adjustment: 20 10 adiut For ale duration of5.4yearsinhumans vers 10-

132days in Cynomolgns monkeys)
Tol weer fcr: 100
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Cortical elect: None
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Cancer Health Risk Limit (RL)~~ N/A

Volatile: No
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ATTACHMENT 

(Corrected March 9, 2007) 

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

Chemical Name: Perfluorooctane Sulfonate (PFOS) 

CAS: 1763-23-1 (acid) 
29081-56-9 (ammonium salt) 

70225-14-8 (diethanolamine salt) 
2795-39-3 (potassium salt) 

29457-72-5 (lithium salt) 

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

(toxicity value, mg/kg/d) x (relative source contribution) x (1000 ug/mg) 
(intake rate, L/kg-d) 

- (0.000075 mg/kg/d) x (0.2) x (1000 ug!mg) 
(0.048 L/kg/day) 

0.3 ug/L 

Toxicity value: 

S ource of toxicity value: 

Point of Departure: 

Dose Metric Adjustment: 

Total uncertainty factor: 
UF allocation: 

Critical effect(s)*: 

Co-critical effect(s)*: 
Additivity endpoint(s): 

Secondary effect(s)*: 

*        for        explanation        of        terms        see 

http://www, health, state, m n. us/div s/elSgr oundwater/hr lgw/glossary, htm 1 

0.000075 mg/kg-d (Cynomolgus monkeys) 

MDH 2007 (RID derived by MDH) 

minimal LOAEL, 0.15 mg/kg-d 

20 (to adjust for half-life duration of 5.4 years in humans versus 110 - 

132 days in Cynomolgus monkeys) 

100 

3 interspecies toxicodynaJnic differences, 10 intraspecies vayiability; 

and 3 LOAEL-to-NOAEL (a value of 3 was applied to the study 

LOAEL rather than using the NOAEL or the default UF of 10 because 

the effect observed at the LOAEL was considered to be of minimal 

severity) 

Decreased HDL and T3 

None 

Hepatic (liver) system, Thyroid (E) 

Developmental (decreased body weight/weight gain, decreased total 

T4), decreased gestation length, immune system alterations 
Glossary located at: 

Cancer Health Risk Limit (HRL) N/A 

Volatile: No 
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Summary of chmiges since 2002 HBV: 
Toxicity Value (RfD): 

Improved toxicokinetic (e.g., half-life) information allowed for the incorporation of a 20-fold dose- 

metric adjustment based on half-life differences between humans and monkeys and a 10-fold decrease in 

the total UF. In 2002 a 30-fold factor (3 interspecies extrapolation + 10 subchronic-to-chronic) was used 

to address uncertainties m-ound toxicokinetics. 

Intake rate: 

PFOS, unlike most ground water contaminants, has a long half-life and therefore will accumulate in the 

body if repeated exposure occurs over long-periods of time. Eventually the internal concentration of 

PFOS will reach a plateau (steady-state). The length of time to reach steady state conditions is 

equivalent to approximately 5 half-lives. In the case of PFOS the time to steady-state would be 

approximately 27 years (5 x human half-life of 5.4 years). The intake rate selected for the revised HBV 

was a time-weighted average intake of an upper-end consumer over the first 27 years of life (0.048 L/kg- 

d). This intake rate incorporates the higher intake rates early in life (i.e., infants aaad children) as well as 

the accumulation of the chemical over time. 

Consideration of Sensitive Populations: 
Growth deficits, alterations in thyroid hormone levels (T4 and T3), increased liver weights, and delays 

in development have been reported in offspring exposed during development. These effects were 
observed at doses approximately 3 to 7 times higher than the critical study minimal LOAEL. Potential 

health-based values based on protection of a pregnant woman and her fetus were evaluated. Two 

scenarios were evaluated: 1) a long-term exposure exposure to the mother from birth to age 27 years, 

and 2) a short-term exposure exposure to an infant. The long-term exposure scenario incorporated 

accumulation over time and utilized a time-weighted intake rate 0.048 L/kg-d. The short-term exposure 

scenario did not incorporate accumulation over time but did utilize a young infant intake rate of 0.221 

L/kg-d. The resulting potential HBVs for both scenarios were not lower (i.e., more restrictive) than the 

HBV based on the selected critical study in monkeys. 

Summary oft~ :icity testing for health effects identified in the Health Standards Statute: 
Endocrine      Immunotoxicity Development    Reproductive    Neurotoxicity 

Tested? Sec. Yes Yes Yes Yes 
Observations1 

Effects? Yes Yes2 Yes3 Yes4 Yes5 
Note: Even if testing for a specific health effect was not conducted for this chemical, information about that effect may be 
available from studies conducted for other purposes. Most chemicals have been subj ect to multiple studies in which 
researchers identify a dose where no effects were observed, and the lowest dose that caused one or more effects. A toxicity 
value based on the effect observed at the lowest dose across all available studies is considered protective of all other effects 
that occur at higher doses. 

Comments on extent of testing or effects: 
1 Thyroid hormonal perturbations have been observed in laboratory animals at dose levels similar to the 

critical study LOAEL. Alterations in thyroid hormone levels have been identified as critical effect. 
2 Short-term immunotoxicity studies have shown that PFOS exposure alters several immunologic 

parameters (suppression of SRBC-specific IgM production and T-cell proliferation, increased natural 

killer cell activity) at levels below the critical study LOAEL. The biological significance of these effects 

Attachment Page 2 of 7 

Appendix B- Page 4 

3246.0036 



snot ciel lr. Fuhr ndto determin: whether PFOS pss penal esl risks 0
man result ofheaton in mm ction, however, the MDH will cheneyer35
sccondary cfc his me.
3 ower body weight offing, deredTi increas mal defies and ders gestation kh
ave eonronda Jenl appoximatly Totd higherha thrial dy LONE These ce
avs en dened a scsondary fst. A doses proximal 10-fdhigherthn thLOAEL
sionaldevlopmentallets Gercasedupviedencopmentldelays) ne observed.
3 le rprducie sdy rported ders in pe cou and eres spe fois 5
Kev 100d higher an th crisdy LOAEL
 Hyposcivs respons1 itn has besn observed in nna mice acutely exposso evel 75-0.
higher than the citcl sty LOAEL bot hee sects werenotocr a lev fold higher
‘Convilions. severrigidty andbodyrenbling hve been observed in Ressmonkeyssubronicaly
xpos ovals apeuvitly 340d hortha the cic dy LOAEL.

Ameo Page 3 of 7

Appendix B- Page S

3246.0037

is not entirely clear. Further study is needed to determine whether PFOS poses potential health risks to 

humans as a result of alterations in immune function, however, the MDH will include immune system as 

a secondary effect at this time. 
3 Lower body weight in ofl~pring, decreased T4, increased sternal defects and decreased gestation length 

have been reported at levels approximately 3-fold higher than the critical study LOAEL. These effects 

have been identified at secondary effects. At doses approximately 10-fold higher th~aa the LOAEL 

additional developmental effects (decreased pup viability, developmental delays) are observed. 
4 A male reproductive study reported decreases in sperm count and increases in sperm deformities at 

levels 10-fold higher than the critical study LOAEL. 
5 Hypoactive responses to nicotine has been observed in neonatal mice acutely exposed to levels 75-fold 

higher thaaa the critical study LOAEL but these effects were not observed at levels 5-fold higher. 

Convulsions, severe rigidity and body trembling have been observed in Rhesus monkeys subchronically 

exposed to levels approximately 30-fold higher than the critical study LOAEL. 
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The following sources were reviewed in the preparation of the HBV: 

Andersen, ME, et. al., 2006 Pharmacokinetic Modeling of Saturable, Renal Resorption of 

Perfluoroalkylacids in Monkeys Probing the Determinants of Long Plasma Half-Lives. Toxicology 

(on-line) dot: 10.1016/j.tox.2006.08.004 

Austin et al., Neuroendocrine Effects of Perfluorooctane Sulfonate in Rats. Env Health Perspect 

111(12)1485-1489, 2003 

Bondy G, I Curran, L Coady, C Armstrong, M Parenteau, V Liston, L Hierlihy, J Shenton. 

Immunomodulation by perfluorooctanesulfonate (PFOS) in a 28-day rat feeding study. The 

Toxicologist, Abstract #101, 2006. 

Butenhoff et al, Perfluorooctane Sulfonate-Induced Perinatal Mortality in Rat Pups is Associated with a 

Steep Dose-Response. The Toxicologist 66(1): 25 (Abstract 120), 2002. 

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

(PFOS). The Toxicologist, Abstract #1740, 2005. 

Curran et al., Perfluorooctanesulfonate (PFOS) Toxicity in the Rat: A 28-Day Feeding Study. The 

Toxicologist Abstract #102, 2006 

Fan YO, Jin YH, Ma YX, Zhang YH 2005. [Effects of perfluorooctane sulfonate on spermiogenesis 

function of male rats] [Article in Chinese] Wet Sheng Yah Jiu. Jan;34(1):37-9. (accessed at: 
http://www.ncbi.n~m.nih.g~v/entrez/query.fcgi?cmd-Re~rieve&db-pubmed&d~t~Abs~ract&~ist uids- 

15862018 ) 

Food Standards Agency, Committee on Toxicity of Chemicals in Food, Consumer Products and the 
Environment. Second Draft Working Paper on the Tolerable Daily Intake for Perfluorooctaue Sulfonate 

(May 2006). 

Food Standards Agency (a United Kingdom Government Agency), Committee on Toxicity of Chemicals 

in Food, Consumer Products and the Environment. Minutes of the July 11, 2006 meeting. 

Food Standards Agency, Committee on Toxicity (COT) of Chemicals in Food, Consumer Products and 

the Environment. COT Statement on the Tolerable Daily Intake for Perfluorooctane Sulfonate 

(November 2006). 

Fuentes S, MT Colomina, J Rodriguez, P Vicens, JL Domingo. Interactions in developmental 

toxicology: concurrent exposure to perfluorooctane sulfonate (PFOS) and stress in pregnant mice. 

Toxicology Letters 164: 81-89, 2006. 

German Ministry of Health Drinking Water Commission. Provisional evaluation of PFT in drinking 

water with the guide substances perfluorooctanoic acid (PFOA) ~aad perfluorooctane sulfonate (PFOS) 

as examples. July 13,2006. http://www.umweltbundesamt.de/uba-info-presse-e/hintergrund/pfi-in- 

drinking-water.pdf 
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Sprago Davle ats Don espanse, and biochemicaland pharmacokineticparameter. Toxicology
2151.16, 205.
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Grasty et al, Critical Period for Increased Neonatal Mortality Induced by Perfluorooctane Sulfonate 

(PFOS) in the Rat. The Toxicologist 66(1): 25 (Abstract 118), 2002. 

Grasty et al., Perfluorooctane Sulfonate (PFOS) Alters Lung Development in the Neonatal Rat. The 

Toxicologist, Abstract # 1916, 2004. 

Hu Wen yue, PD. Jones, W DeCoen, L King, P Fraker, J Newsted and JP Giesy 2003. Alterations in cell 

membrane properties caused by perfluorinated compounds. Comparative Biochemistry & Physiology 

P~xt C 135:77-88. 

Hu Wen yue, PD. Jones, T Celius and JP Giesy 2005. Identification of genes responsive to PFOS using 

gene expression profiling. Environmental Toxicology and Pharmacology Jan (Vol 19, Issue 1): 57-70. 

Johansson, N, et al., 2006. Neonatal exposure to perfluorooctane sulfonate (PFOS) and 

perfluorooctanoic acid (PFOA) causes deranged behaviour and increased susceptibility of the 

cholinergic system in adult mice. The Toxicologist Abstract # 1458 

Keil DE, T Mehhnan, L Butterworth, MM Peden-Adams. Gestational exposure to PFOS suppresses 

immunological function in F1 mice. The Toxicologist Abstract #882, 2005. 

Lau, et al., 2003. Exposure to Perfluorooctane Sulfonate during Pregnancy in Rat and Mouse. II. 

Postnatal Evaluations. Tox Sci 74: 382-392. 

Lau, et al., 2004. The developmental toxicity ofperfluoroalkyl acids and their derivatives. Tox Appl 

Pharm 198:231-241. 

Lau et al, 2006. Evaluation of Perfluorooctane Sulfonate (PFOS) in Rat Brain. The Toxicologist 

Abstract #576. 

Lieder PH, PE Noker, GS Gorman, SC Tanaka, JL Butenhofl~ 2006. Elimination Pharmacokinetics of a 
Series of Perfluorinated Alkyl Carboxylate and Sulfonates (C4, C6 and C8) in Male and Female 

Cynomolgus Monkeys. Poster presentation at the 2006 European SETAC meeting in Den Hague, 

Netherlands. 

Logan MN, JR Thibodeaux, RG Hanson, M Strynar, A Lindstrom, C Lau. 2004. Effects of 
perfluorooctane sulfonate (PFOS) on thyroid hormone status in adult and neonatal rats. The Toxicologist 

Abstract # 1917 

Luebker, D. et al., Two-generation reproduction and cross-foster studies of perfluorooctanesulfonate 

(PFOS) in rats. Toxicology 215:126-148, 2005a. 

Luebker, D. et al., Neonatal mortality from in utero exposure to perfluorooctanesulfonate (PFOS) in 

Sprague-Dawley rats: Dose-response, and biochemical and pharmacokinetic parameters. Toxicology 

215:149-169, 2005b. 

Karrman A, I Ericson, B van Bavel, PO Darnerud, M Aune, A Glynn, S Lignell and G Lindstrom. 2006. 

Exposure of Perfluoroinated Chemicals through Lactation Levels of Matched Human Milk and Serum 

and a Temporal Trend, 1996 2004, in Sweden. EHP Online November 2006. 
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Review Date: 112907

Chemical Name: Perfluorooctanoic Acid
Synonyms: PFOA
CAS: 335-67-1(free acid)

3356-0 (acid fluoride)
3825-26-1 (ammonium salt, APFO)
2395-00-8 (potassium salt)
335-93-3(silver salt)
335-955 (sodium salt)

‘The perfluorooctancate anion doesnothave specific CAS mumber.

‘Serum concentrations appear to be the best dose-mefric for extrapolating fo humans. At the present
time the information necessarytoestimate less than chronic doses (c., acute, short-term or
subchronic) that would result in a given serum concentration is not available. Additional uncertainty
exists regarding toxicokinetic in early life. Therefore, acute, short-term and subchronic HRLs will
not be derived at his ime.

Draft Acute Non Cancer Health Risk Limit (HRL) = Not Derive (Insufficient Data)

Draft Short-term Non-Cancer Health Risk Limit (HRL) ~ Not Derived (Insufficient Data)

Draft Subchronic Non-Cancer Health Risk Limit (HRL) = Not Derived (Insufficient Data)

Draft Chronic Non-Cancer Health Risk Limit (HRL) = 0.3 ug/L

= (Reference Dose, my/ke/d) x (Relative Source Contribution) x (Conversion Factor
(chronic intake rate, kg/d)

=(0.000077 makg/d) 5 (02) x(1000ugg)
(©053" Lad)

= 0.29 rounded 10 0.3 ug/L

* Take rte sed comesponds to te fime-veihied average 95% nie oe ovr it 19 yea of hfe. Nicten yews
pres the vied durin fo shies adhe ser sonscaraion ad on3 lifof 5.yr

Reference Dose: 0.000077 mgke-d (Cynomolgus monkeys)
‘Soweeoftoxicity value: MDH
Point of Departure: 23 mg/L serun concentration (smu BMDLc) (Thomond et al 2001 and.

Butealioffet al 2002)
‘Draft Document-fos een and iscssion paposes only: Daf doce does ot consis Agency policy
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ChemicalName: Perfluorooctanoic Acid 
Synonyms: PFOA 
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) 

The perfluorooctanoate m~ion does not have a specific (:AS nmnber. 

Review Date: 11/29/07 

Serum concentrations appear to be the best dose-metric for extrapolating to humans. At the present 
time the information necessary to estimate less than chronic doses (i.e., acute, short-term or 
subchronic) that would result in a given serum concentration is not available. Additional uncertainty 
exists regarding toxicokinetics in early life. Therefore, acute, short-term and subchronic HRLs will 
not be derived at this time. 

Draft Acute Non-Cancer Health Risk Limit (HRL) = Not Derived (Insufficient Data) 

Draft Short-term Non-Cancer Health Risk Limit (HRL) - Not Derived (Insufficient Data) 

Draft Subchronic Non-Cancer Health Risk Limit (HRL) = Not Derived (Insufficient Data) 

Draft Chronic Non-Cancer Health Risk Limit (HRL) = 0.3 ug?L 

= (Reference Dose, mg/kgid) x (Relative Som-ce Contribution) x (Conversion Factor) 
(cln’onic h~take rate, L/kg.:’d) 

= (0.000077 rag&g/d) x (0.2) x (1000 ughng) 
(0.053" L/kg-d) 

= 0.29 rolmded to 0.3 ug/L 

* Intake rate used co~’esponds to the ~ime-weigh~ed average 95o’% retake rate over first ~9 years of life. Nineteen years 

represents tSe esthnated dm’ation to ad~ieve steady-state serum concentration, based on a hal±’-l[~’e or" 3.8 years. 

Reference Dose:        0.000077 mg,."kg-d(Cynomolgus monkeys) 
Somce oftoxiciD, value: MDH 
Point of Depart.ire: 23 mg!L serunl concentration (sennn BMDLt0) (Thomt\~rd et al 2001 and 

Butenhoff et al 2002) 
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‘Human Equivalent Dose Adjustment: 0.0023 mg/kg-d
[Dose mead = (L2/1 357 day blew) 23 me’ x02 Like (VO)Total uncertainty factor: 30

UF allocation: 3 interspecies extrapolation for potential differences in toxicodynamics and
10 apace sability

Grical eff) increased lative vr weight
Cortical effec: increased ivrweight with histopathoogiel changes, decreased total ern

holesterol and iced. developmental delays e5., heed body weight
nin, delayed physical development, hepatocellular ypereophy) i opingered aection

Addi endpoin(3). Development body weigh, delayed developmen), Hepatic (iver) sym,
Tamme sytem

Secondary eff, Increased meidence of fll ier resorption, adiona developmental delays
(e's. sexual maturation), increased pup mortaliy, altered mammary land
development, additonal mmm syste eft, czas Kidney weight

Temologial effects, decreasedthyroid hormone (IT, 5)serum levels
creased serum esteadicl levels, increased ncdenceofbenign hepatoselhlar
adenomas, estilo Leydigce] anor and pancreatic soars
Adenoma Carcions

Proposed Cancer Heald Risk Limit (HRL) = Not Applicable

Volatile: No

Summary ofchanges since 1993/1994 HR promulgation:
No 199394 HRL valve exes for PFOA. The rat chicnic HRL (0.3 ug/L) i 170d ower tha the
Good-cause exception HRL (0.5 ug/L) adopted August 1, 2007 as the result of using serum levels as the
ose mere rh tha adinistered dose

Summary of toc esting for healt effects dented in th Health Standards State:
[J EndosiineTowmmotoxicity|Development |Reproductive |Newotosicity ]
Towed” Sec Yer Ter Tos Yeu

Observations"

EST TorTE iTo Sos oT mi tonsh To TETahs Samstascoid ol apres tossavbees ee aml eben chrabme am whtoaosaed eedott tnd osoShMAOmemeted bret dvssnsehsdedrecoof hs alostotAR

DeaDnt te svesuns papeul. Ds docs dot site Ago olyTeoxzaih
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Hmnan Eqnivalent Dose Adjustment: 0.0023 mg/kg-d 
[Dose mg&g-d = (Ln2/1387 day kalf-lifeh ...... ) x 23 mg."L x 0.2 Likg (Vd)] 

Total m~certain~, ~actor: 30 
UF allocation: 3 interspecies exlrapolation tbr potential dif/~rences m toxico@nan~cs and 

10 intraspecies variabiliz¢ 
Critical effect(s): increased relative liver weight 
Co-critical effect(s): increased liver weight with histopalhological changes, decreased total senun 

cholesterol and ~igtycerides, developmental delays (e.g, altered bo@ weigN 
gain, ddayed physical development, hepatocellular hypertrophy) m offspring, 
altered in~mme flmction 

Additivity en@oint(s): Development (body weight, delayed developmen0, Hepalic (liver) system, 
Inmnme system 

Seeondaq e~?ct(s): hmreased incidence oSfl~ll Ii~er re~o~tion, additional developmental delays 
(e.g., sexual maa~ration), increased pup mo~aliU, altered nmn~aty gland 
development, additional mmmne system effects, increased ki&~ey weight, 
hematological effects, decreased th?~oid hormone (TT4. T3) serum levels, 
increased senun estradiol levels, increased incidence of benign hepatocellular 
adenonms, testicular Leydig-cell aunors and pancreatic acinar-eell 
adenomaicarcinonms 

Proposed Cancer Health Risk Limit 0tRL) - Not Applicable 

Volatile: No 

Summary of changes since 1993/1994 HRL promulgation: 
No 1993/94 HILL. value exists tbr PFOA. The draft chronic HNL (0.3 ugiL) is -1.7-fold lower dmn the 

Good-canse exception I£RL (0.5 ug,.~L) adopted Angust 1, 2007 as the result of using serum levels as the 
dose metric rather tEan administered dose. 

Summar), of toxicity’ testing for health efl~cts identified in the Health Standards Statute: 

Endocrine     Inununotoxici7 Develolm~ent    Re~_~roductive Nem-otoxici~ 

Tested? See. Yes Yes Yes Yes 
Ob serva tions 1 

Effects? Yes Yes~ Yes~ Uncleal"4 Yes~ 
Note: Even if testing for a specific health effect was not con&~eted for this chemical, i~tbnnation about that effect may be 
available fi’om stadies conducted for o~her purposes. Mos* chemicals have been subject to multiple studies in which researchers 
identify a dose wSere no effects were obsex~’ed, and the lowest dose that emtsed one or more effects. A toxicity value based on 
the effect obsmwed at the lowest close across a~l available stadies is considered pt~,tective of all otl:er effects tlmt occur at hi.gl~er 
doses,. 
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Comments on extentoftestingo effects:
Note conparisons based on HED LOAEL or HED BMDLS are associated with higher uncertain than
comparisons based on serun leves.

* Changes in serum thyroid Hormone (e.g, decreased thyroxine, T4 and triiodothyronine, T3) and estradiol
levels have been observed in some animal studies but no n others. These changes were observed at
estimated human equivalent dose (HED) levels higher but within 3-fold of the critical study HED LOAEL
and are therefore identified as secondary effects.
Short-term inumunotosicity studies have shows that PFOA exposuresuppresses bunoral immunity and
may adversely affect cell mediated innit at HED doses sanla to the ertial study HED LOAEL.
These effects have been identified as co-riical effects.
Developmental delays and body weightweight gan clinges in ofFpring have been observed at sesuan
‘and HED dose levels similar to the serum and HED LOAELofthe crifcal sfudy. These effects have been
identified as co-citcal effects. At HEDdoses 3- fold higher than th crificalstudy HED LOAEL
additonal developmental effects (decteased pup viability. delays in eye opening. increased incidence of
full-lter resorption. and alterations in mammary land development) are observed. Effects occurring at
doses approximately 3 fold higher havebeen identified as secondary effects.
“The results ofthe 2-generaional sudy indicate tha fet is not affected by treatment. Fuller
resorption was observed at HED dose levels 3-fold higher than th critical study HED LOAEL, however, it
is unclear whether this xesuled from maternal {oxicty or a direct effect on the developing organist.
Altered mammary gland development during the lactational period was observed inpregnantlactating mice
‘exposed o dose levels slightly higher than th critical study LOAFL during pregnancy. Increased incidence
offll-lter resorption and alterationsintamuary gland development have been identifiedas asecondary
effects.
 Hypoactive response to nicotine as been observed in neonatal ice given single dose at 10 daysof age.
No serum lve information was reported in thi study and itis not possible fo extrapolate rom a single
dose 10a HED dose. The additonal newological testing has been recommended by the EPA PFOA draft
Risk Assessment Science Advisory Review Board

References:

Abbott B, CJ Wolf, KP Das, CS Lau. 2007a. Roleofperoxisome proliferator activated receptor-pha
(PPAR) in mediating the developmental toxicityof perfluorooctanoic acid (PFOA) in the mouse. The
Toxicologist. An Official Joumal ofthe Societyof Toxicology. Vol. 96(1). Abstract 56

Abbott B. CJ Wolf, KP Das, JE Schmid. CS Lau. 2007b. Peroxisome Proliferator Activated Receptor
(PPAR) Signaling Pathway Involvement in PFOA-Induced Developmental Tosicity. Presentation at the
SOT Curtent Concepts in Toxicology Perfiuoroalkyl Acids and Related Chemisties: Toxicokineris and
‘Mode of Action Workshop. Speaker Abstract #14.

Abbott, BD, CJ Wolf, J Schmid, KP Dus, RD Zed, L Helfant, S Nakayama, AB Lindstrom. MJ Stynar,
CS Lau. 2007. Perfluorooetanoie acid (PFOA)-indused developmental ticity inthe mouse is dependent
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Comments on extent of testing or effects: 
J~bte - comparisons based on HED LOAEL or HED BMDLs are associated with h~her u, certaimv tha~ 

comparL~o~s based o~ semtm teve/s. 

~ Changes in senun lhyroid hormone (e.g., decreased thyroxine, T4 and triiodothyronine, T3) and estradiol 

leveis have been observed in sonic anilnal studies but not in others. These clmnges were observed at 
estimated hmnan equivalent dose (HED) levels higher but within 3-fold of the critical study HED LOAEL 

and are therefore identified as secondaa3: effects. 
2 Shot~-telm mununotoxicity studies have shown that PFOA exposm-e suppresses hmnoral immunity 

may adversely affect cell mediated inmluml3." at KED doses simiiar to the critical study HED LOAEL. 
These effects have been identified as co-critical effects. 
3 Developmental delays and body weight/weight gain changes m offspring have been observed at serum 

and HED dose levels similar to the serum and HED LOAEL of the critical study. These effects have been 
identified as co-critical effects. At HED doses 3- ±bld higher than the critical slat@ HED LOAEL 
additional developmental effecls (decreased pup viability,, delays in eye opening, increased incidence of 
fitll-litter reso,ption, and alterations h~ man,naT gland development) are observed. Effects occurring at 
doses approxmmtely 3 li~ld higher have been identified as secondary effects. 
4The results of the 2-generational sntdy indicate that fertility is not affected by ITeatment. Full-litter 

resorption was observed at KED dose levels 3-t~ld higher titan the critical study HED LOAEL, however, it 
is tmclear whether Ibis resulted from maternal toxiciU or a direct effect on the developing orgamsm. 
Adtered mannna~y gland development during the laetational period was observed in pregnm~t/lactating mice 

exposed to dose levels slightly higher than the critical study LOAEL during pregnancy. Increased incidence 
of fi~ll-litter resorption and alterations in manmtary gland development have been identified as a secondmT 
effects. 
5 H3.qpoactive response to nicotine has been observed h~ neonatal trace given a single dose at 10 days of age. 

No sennn Ievel information was reported in this study and it is not possible to extrapolate fiom a single 
dose to a I-lED dose, The additional ueurologicat testing has been reeonunended by tt~e EPA PFOA &aft 
Risk Assessment Science AdvisoL-y Review Board. 
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Department of Health and Human Services, 2007. Memoran&tm from: Dr. Lumme Williams, Dr. Keaneth 
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Olsen et al.. 2004. Quantitative Evaluation of Perfluorooctanesulfonate (PFOS) and Other Fluoroehelnicals 
in the Senml ofChil&en. Jonnlal of Chil&en’s Health 2:53-76. 
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retired fluorochenfical pro&tction workers. Environlnental Health Perspectives 115:1298-1305. 
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proliferatos, perfluorooctanoie acid and perfluorodecanoic acid, causes significant increaseof §-
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Pem~adi H, B LundNen, K Andersson & JW DePierre. 1992 Effects ofperfluoro fatly acids on xenobiotic- 
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peroxisome proliferation and mitochonchial size in mouse liver: dose and lime facIors and effect of chain 
length. Xenobiotica Vol 23(7):761-770. 
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proliferators, perfluorooetanoic acid and perflnorodecanoie acid, canses significant increase of 8- 
hydroxydeoxyguanosine in liver DNA of rats. Cancer Letters 57: 55-60. 
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modeling of satmabte, renal resorption ofperflnoroalkylacides in monkeys and rats. The Toxicologist, An 
Official Joinhal of the S ociety of Toxicology. Vol. 96(1). Abstract 386. 
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United Kingdom, Drinking Water Inspectorate 2007. Gridanee on the wafer supply (water quality)
regulations 2000/2001 specific to PFOS (pefluoroostane sulphonate) and PFOA (perflucoctanoic acid)
concentration in drinking water.

‘White SS. AM Calafar, Z Kuklenyik, LT Willamuesa, RD Zehr, 1. Helfant, MJ Sirynar, AB Lindstrom,JR
“Thibodeau,C Wood, and SE Featon. 2007. Gestational PFOA Exposureof Mice is Associated with
Altered Mammary Gland Development in Dams and Female Offspring. Toxicological Science 96(1), 133-
144

‘White 55, BD Abbot, EP Hines, CJ Wolf, AM Calafat,Z Kuklenyik,SE Fenton. 2007. Respective
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Toxicologist, An Official Jounalof the Societyof Toxicology. Vol. 96(1). Absiact 561

‘Wolf, C3, SE Fenton, TE Schuid, AM Calaft, Z Kuklenyik, XA Bryant, J Thibodeau, KP Das, SS White,
CS Lau, and BD Abbott. 2007. Developmental Tosicityofperfluorooctanoic acid (PFOA) in the CD-1
Mouse afer Cross Foster and Restricted Gestational Exposures. Toxicological Science 95(2), 462473.
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United Kingdom, Drhfldng Water Inspectorate 2007. Guidance on the water supply (water qualily) 
regulations 2000/2001 specific to PFOS (perfluorooctane suiphonate) and PFOA (perfluooctanoic acid) 
concentrations in drinking waler. 

~,K.q~ite SS, AM Calafat. Z Kuklenyik, LT Willanueva, RD Zehr, L Hel±’ant, MJ Stwnar, AB Lindstrom, JR 
Thibodemtx. C Woo& and SE Fenton. 2007a. Oestational PFOA Exposm-e of Mice is Associated with 

Altered Manmmry Gland DeveIopment in Dams and Felnale Offspring. Toxieological Science 96(1), 133- 
144. 

~,~.q~ite SS, BD Abbott, EP Hines. CJ Wolf, AM Calafat, Z Kuklenyik, SE Fenton. 2007b. Respective 
contributions of prenalal and laetational PFOA exposmes to altered mouse mammary gland development. 
Toxicologist, :M~ Official Journal of the SocieD.’ of Yoxicolo~’. Vol. 96(1). Abstract 561. 

Wolf, C J, SE Fenton, JE Sclmfid, AM Calafat, Z Kuklenyik, ?CA BaTant, J Thibodeaux, KP Das, SS Wl~ite. 
C S Lau, and BD Abbott. 2007. Developmental Toxicity of perfluorooctanoie acid (PFOA) h~ the CD-1 
Mouse after (’ross Foster and Restricted Gestational Exposm’es. Toxicological Science 95(2), 462-473. 
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Review De: 112007

Chemical Name: Perfluorooctane Sulfonate
Synonym: PFOS
CAS: 1763-23-1 (acid)

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

Serum concentrations appear to be the best dose-metri for extrapolating to humans. AX the present
time the information necessary(0estimate less than chronic doses (i, acute, short-term or
subchronic) that would result ina given serum concentration i not available, Additional uncertainty
exists regarding toxicokinetics in early life. Therefore, acute, short-term and subchronic HRL will
not be derived a this time.

Draft Acute Non-Cancer Health Risk Limit (HRL) = Not Derived (Insufficient Data)

Draft Short-term Non-Cancer Health Risk Limit (HRL) = Not Derived (Insufficient Data)

Draft Subchronic Non-Cancer Health Risk Limit (HRL) = Not Derived (Insufficient Data)

Draft Chronic Non-Cancer Health Risk Limit (HRL) = 0.3 ug/L.

=(ReferenceDose,mg/kg/d)x (Relative Source Contribution)x(Conversion Factor)
(chronic intake rate, Lad)

= (0.00008 me/keid) x (02) x(1000 ng/ng
0.049 kad)

0.327 rounded 10 03 ug
© Ink tews comsponds th nvr arse 55% ake re over ft 27 yesof fs Twenryaven yor
present the itd ration ache enya enaconan, based on aifof3.4 ews

Reference Dose: 0.00008 marka-d (Cynomolgus monkeys)
Sourceoftoxicity value: MDH
Pointof Departure: 35 me/L serum conceatration (BMDL) (Thonford ef al 2002 as cited by

OECD 2002 and Seacat et al 2002)
Human Equialent Dose Adjustment: 0.0025 meka-d

[Dose mgke-d = (Lu/1971 day Balliftana) 3 35 mel x 0.2 Lk (VA)
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Review Date: 11/20/07 

Chemical Name: Perfluorooctane Sulfonate 
Synonym: PFOS 
CAS: 1763-23-1 (acid) 

29081-56-9 (anm~onium salt) 
70225-14-8 (diethanolalrline salt) 
2795-39-3 (potassiuln salt) 
29457-72-5 (lithium salt) 

Serum concentrations appear to be the best dose-metric for extrapolating to humans. At the present 
time the information necessary to estimate less than chronic doses (i.e., acute, short-term or 
subchronic) that would result in a given serum concentration is not available. Additional uncertainty 
exists regarding toxicokinetics in early life. Iherefore, acute, short-term and subchronic HRLs will 
not be derived .at this time. 

Draft Acute Non-Cancer Health Risk Limit (HRL) = Not Derived (Insufficient Data) 

Draft Short-term Non-Cancer Health Risk Limit (HRL) = Not Derived (Insufficient Data) 

Draft Subchronic Non-Cancer Health Risk Limit (HRL) = Not Derived (Insufficient Data) 

Draft Chronic Non-Cancer Health Risk Limit (HRL) = 0.3 ug/L 

= (Reference Dose. mg/kg"d) x (Relative Somce Contribution) x (Conversion Factor) 
(chronic intake rate, Likgid) 

= (0.00008 mgikg/d) x (0.2) x ( 1000 ugimg) 
(0.049* Cikg-d) 

- 0.327 rolutded to 0.3 ugiL 

* hl~ake rate used corresponds to the fime-wei.N~ted average 95~% intake rate over first 27 years of life. Twenty-seven years 

represents tl~e esth~ated &~’ation to acl~ieve steady-state serum concentration, based on a half-life of 5.4 years. 

Reference Dose:         0.00008 m~."kg-d (Cynomolgus monkeys) 
Somee of toxiciD~ value: MDH 
Point of Departure:      35 mgiL sertun concentratiol: (BMDL) (Yl~omford et al 2002 as cited by 

OECD 2002 and Seacat et al 2002) 
Hmnan Equivalent Dose Adsusmlent: 0.0025 mg,.kg-d 

[Dose mg!kg-d - (Ln2/1971 day half-lifeh ..... ) x 35 mg."L x 0.2 Likg (Vd)] 
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Total uncertainty factor: 30
UF allocation: 3 interspecies extrapolation for potential differences in toxicodynamics and

10 intraspecies variability
Critical effec(s): decteased HDL cholesterol, decreased total T3, increased TSH.
Co-citcal effect(s): decreased body weight and body weight gain n offspring.
Additvity endpoini(s): Development (body weight'weight gain), Hepatic (iver) system, Thyroid (E)
Secondary effect(s): changes in immune function, delayed development (.2. body weiglt gan.

eye opening), decreased adultbody weight gain&lossof at tissue, increased.
severityof liver effects (e.2., histological climges), disruptionofestrus cycle,
decteased sperm connt & increased sperm deformities, decreased serum.
leptin levels, increased incidenceofneoplasms (e.. liver, thyroid, mamuary
aland), increased mortality (offspring and adults)

Proposed Cancer Health Risk Limit (HRL) = Not Applicable

Volatile: No

‘Summaryofchanges since 1993/1994 TRL promulgation:
No 1993/94 HRL value existsfor PFOS. The draft chronic HRL (0.3 ug/L)i the same as the Good-<anse.
exception HRL (0.3 ug/L) adopted August 1, 2007.

‘Summaryof toxicity testing for health effects identified in the Health Standards Statute:
FF TeudoaineJ
Teed? Sec. Yes Ye Yer Yes

Observations®

ote: EvenFsfor3esteFea Cer was not condosTor fs chanicl omtionontTt Fc my
availble rom studies condieed foothrpunposes. Most chesicls have bon sbectfo mail studies in hich evschrs
denify doe where no sft were absrved, nd th nes dose tht cane ne ors eft, A ost lus based on

thesfcobser i he kes ove across al] ville Aches s comidrsd protecof allnr sets ha cs: highee
dose.

Comments on extent of testing or effects:
Note — comparisonsbasedon HED LOAEL or HED BMDIL areassociated with higher uncertainty than
comparisons based on serun levels

"Thyroid hormonal perturbations have been observed in laboratory animals at serum levels and human
equivalentdose(HED) levels similar to he critical study point ofdepartire (scrum BMDL) and HED-
LOAEL. Alterationsin thyroid hormone levelshavebeen identifiedas a citcal effec.
Shorter immunofoxiciy studies have shown that PFOS exposure alters several immimologic
parameters (suppression of SRBC-specific laM productionand T-cell proliferation, increased natural killer
cell activity) at HED levels below th critical study HED LOAEL. The biological significanceofthese.
effects is not entirely clear. Further study is needed to determine whether PFOS poses potential health risks
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Total tmcertainty factor: 
LT allocation: 

Critical effect(s): 
Co-critical effect(s): 
Additivity endpoim(s): 
Secondau effect(s): 

30 
3 interspecies extrapolation tbr potential differences in toxico@nanfics and 

10 intraspecies vm’iabiliDr 
decreased HDL cholesterol, decreased total Y3, increased TSH 
decreased body weight and body weight gain in offspring 
Development (body weighti’weight gain), Hepatic (liver) system, Thya’oid (E) 
changes in inmmne flmction, delayed development (e.g., body weight gain, 
eye opening), dee,eased adult body weight gain & loss of fat tissue, increased 
severity of liver ef~’ects (e.g., Eistological changes), disruption of estrus cycle. 
decreased sperm count & increased spem~ detbrnfities, decreased serum 
leplm levels, increased incidence of neoplasms (e.g., liver, thyroid, manmm~3~ 
gland), increased mortaliD" (offspring and a&flts) 

Proposed Cancer Health Risk Limit (HRL) - Not Applicable 

Volatile: No 

Summary of changes since 1993/1994 HRL promulgation: 
No 1993/94 HRL value exists ~br PFOS. The draft eta’ohio HRL (0.3 ug/L) is the salne as the Good-cause 
exception HRL (0.3 ugiL) adopted August 1, 2007. 

Snmmar~, of toxicity testing for health effects identified in the Health Standards Statute: 

Endocrine     Immunotoxicit~¯ Develo~oment    Re~)roductive    Neurotoxici~ 
Tested? Sec. Yes Yes Yes Yes 

Observations~ 

Effects? Yes Yes2 Yes~ Yes4 Yes3 
Note: Even if testing fer a specific health effect was not conducted for this chenucal, ilat’o,mation about that effect may be 

available from studies conducted for other purposes, Mos~ chemicals have been su~ect to mulfiple studies in which researchers 

identify a dose where no efl’ects were observed, and the lowest dose that caused one or more effects. A toxicity value based on 

the effect obsmwed at *he lowes~ dose across all available studies is considered protective of all oflaer effects fl3at occur at hi._d3er 

doses. 

Comments on extent of testing or effects: 
~Vote - compariso~ts based o~t HED LOAEL or HED BMDLs are associated with higher tmcer~ai,ty that~ 

COmlOm’iso~s based o~ setTtm /eve[s. 

~ Thyroid hormonal perttubations have been observed m laboratoW anilnals at set-ran levels and human 
equivalem dose (HED) levels similar to the crilieal study point of departure (serum BMDL) and HED- 
LOAEL. Alterations in th3,aoid hmmone levels have been identified as a critical effect. 
2 Sbot~-tenn inununotoxicity studies have sllov~ql that PFOS exposme alters several hmmmologie 

parameters (suppression of SRBC-specific IgM production and T-cell proliferation, increased natural killer 
cell activity) at HED levels below the critical study HED LO,a=EL The biological significance of these 
effects is not entirely clear, lZm~her stu@ is needed to determine whether PFOS poses potential health risks 
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to humans as a resultof alerations in immune function, however, the MDH will include immune system as
a secondary effect at this time.
Lower body weigh, decreased total T4 and free T4, and increased elave liver weight have been reported
at serum levels similar to the critical study pointofdeparture (serum BMDL). These effects havebeen
identified a co-crical effects. At serum levels approximately 2-fld higher than the critical study point of
departure additional developmental effets (decreased pup viability, developmental delays) are observed.
These additional effects are listed as secondary effects
“Increased incidenceof abortions was noted i female rabbits at serum levels ~ 2-fold higher than the
tical study pointofdeparture (serum BMDL), however, these were associated with significant oss in
body weights. Disruptionof estrus cycling in female rats his also been noted at serum levels ~ 2-fold
higher than the eitcal study BMDL serum levels. A male reproductive study in rats reported decreases in
sperm count and increases in sperm deformities at HED levels 3-fold higher than the critical study HED
LOAEL. Disruption ofestrus cycling and spermatozoa effects are listed among the secondary effects
“Increased norepinephiine concentrations in the paraventricular nucleusof the hypothalamus have been
reported in female rats at serum levels ~2-fold higher han the critical study pointofdeparture (serum
BMDL), These effects have been noted as secondary effects

Hypoactive responses fo nicotine has been observed in neonatal mice acutely exposed to HED levels > 30-
fold higher than the critical study HED LOAEL, however, these effects were not observed at levels 3-fold
higher. Convulsions, severe rigidity and body rembling have been observed in Rhesus monkeys exposed to
HED levels approxinutely 30-fold higher than he critical study HED LOAEL.

References:
Alexander B and M Grice. 2006. Self-reported medical conditions in perfluorooctanesulfonyl fluoride
manfreturing workers. Final Report submitted o the EPA docket AR-226-3677

Alexander BH and GW Olsen. 2007. Bladder cancer in perfluorooctanesulfonyl fluoride manufacturing
workers. Aun Epidemiol 17:471-478,

Apelbers BJ, FR Witter, JB Herbstman, AM Calafat, RU Halden, LL Needham, LR Goldman. 2007. Cord
Serum Concentrationsof Perfluorooctane Sulfonate (PFOS) and Perfluorooctanaate (PFOA) in Relation to
Weight and Size at Birth Env Health Perspect 115:1679-1676. (online) doi: 10.1289/elip. 10334 (available:
at http: doi org)
Andersen, ME, et. al. 2006 Pharmacokinetic Modeling of Saturable, Renal Resorption of
Perfluorcalkylacids in Monkeys — Probing the DeterminantsofLong Plasma Half-Lives. Toxicology (on-
line) doi:10.10164 105.2006.08.004

Austin et al, Newoendocrine Effects of Perfluorooctame Sulfonate in Rats. Ens Health Perspect
T1112) 485-1459. 2003

Bondy G, I Cuan, L Coady, C Armstrong, M Parenteau, V Liston, L Hierlby, J Shenton.
Inmuncmodulation by perfluoroostanesulfonate (PFOS) in a 28-day tat feeding study. The Toxicologist,
Abstract #101, 2006.
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to humans as a result of alterations in inmnme function, however, the MDH will include ilmnune system as 
a secondary effect at this time. 
3 Lower bo@ weight, decreased total T4 and free %4. and increased relative liver weight have been reported 

at semnn levels sinfilar to Itle critical study point of departme (serum BMDL). These effects have been 
identified at co-critical effects. At sermn levels approximately 2-fold hi~wr than the critical study point of 
departure addiIional developmental eft?cts (decreased pup viability, developmental delays) are obse~ed. 
¯ hese additioltal effects are listed as secondmsz effects. 
4 Increased incidence of abortions was noted m female rabbits at sermn levels ~ 2-fold higher than the 

critical study point of depamue (serllnl BMDL), however, these were associated with significant loss in 
body weights. Disruption of estrus cycling hi fenmle rats has also been noted aI sennn levels -- 2-fold 
higher than the critical stu@ BMDLsennn levels. A male repro&tctive study in rats reported decreases in 
sperm count and increases in sperm deformities at I-tED levels 3-fold l~igher than the critical stu@ HED 
LOAEL. Disruption of estms cycling and spermatozoal effects are listed among the secondatN effects. 
5 Increa sed norepineplu~ne concentrations in the p araventricular nncleus of the hypothalamus have been 

reported in feltmle rats at sertm~ levels --2-fold higher than the critical study poit~t of departure (serum 
BMDL). These effect~ have been noted as secondm-y effects. 

Hypoaetive responses to nicotine has been obsets~ed in neonatal mice acutely exposed to HED levels > 30- 
fold higher than the critical study HED LOAEL, however, these effects were not observed at levels 3-fold 
higher. Com.q_flsions, severe rigidity and body trembling have been observed in Rhesus mol~keys exposed to 
HED levels approximalely 30-fold hi,tel than the c[itical study HED LOAEL. 
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Organization for E.cononfic Co-operation and DeveIopment (OECD) Nov. 21, 2002, Hazard Assessnlent of 
Perfluorooctane Sulfonate (PFOS) and Its Salts. 
http:i/~nvw.oecd.or,o/document.."%."0,2340 ell 2649 37465 2384378 1 1 1 a746,..00.htmD, 
(Accessed Nov, 2002) 
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Mice. The Toxicologist Abstract #573, 2006. 
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3M 2003. Environmental and Health AssessmentofPerfluorooctane Sulfonic Acid and Its Salts.
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3M Perfluorochemical Studies In Progress

December 2007
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3M Perfluorochemical Studies In Progress 

December 2007 

Study Submitted to MDH 

0 

Research n, ~ "~ .~ 

Organization 
~= 

n, 
~~ o Status 

Audited draft final repod received. Both analytical 
final report (3M in-house laboratory) and limited 
RT-PCR final report for PPARa-regulated genes 

Developmental    Copy of TSCA 8(e) WIL Research (Univ. MN) studies had been forwarded to WtL 
Neurotoxicity letter sent to MDH X Research to be incorporated in the final report. 

616;2007. Report finalization expected in January 2008. 

Rat Liver and 
Thyroid Response, 

Mode-of-Action 

3~S-PFOS 

Synthesis 

Letter summar~ing aspects of the study submitted 
to EPA TSCA 8(e) docket in ,,tune, 2007. 

CXR Biosciences 
Draft report was prepared by CXR Biosciences and 
reviewed by 3M. Finalization of reports expected 

by first quarter, 2008. 

Stockholm University 

On-going, This project is funded as a non- 
restricted gift. There is no requirement for the 

investigator to prepare a report for 3M. ~S-PFOS 

has been produced, and improvements to yield are 
being pursued. 
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3M Monthly Report 
December 2007 

Fetal/Neonatal 
Distribution and 

Retinoids 

28-day oral study in 
rats with extensive 

follow-up to 
investigate the 
relationship of 

I CT Poster 
provided July 26, 

Karolinska Institute 

3M Toxicology Lab 

X 

On-going. This project is funded as a non- 
restricted gift in support of a Ph,D. candidate and 
his major advisor. There is no requirement for the 

investigator to prepare a report for 3M 3M has 
provided tissues from studies to investigators. 

In-life complete. Data presented as poster in 
Montreal at the ICT meeting in July. Some detailed 

pharmacokinetic analyses still outstanding. A 
manuscript will be prepared from the data. Due to 
other priorities, detailed pharmacokinetic analyses 

toxicokinetics on 
repeat dosing to 
thyroid hormone 

status. 

PFOS-exposed rat 
brain study 

Pharmacokinetics 
in rats 

Interaction thyroid 
hormone 

transporters and 
other transporters 

20O7 

3M and 
EPNORD/NHEERL 

3M 

University of Minnesota, 
Duluth 

have not been undertaken, but are planned for 
fourth quarter 2007. Work on the manuscript may 

i    begin in January 2008. 

X 
On-going (analysis pending)~ Analytical results are 

expected in first quarter, 2008. Manuscript will 
eventually be prepared. 

On-going. In life phases are largely comNete& 
Analysis of samples has not begun. Completion of 
analyses and report expected by first quarter, 200& 

On-going. This project is funded as a non- 
restricted gift. There is no requirement for the 

inyestigator to prepare a report for 3M. 

Study Material 
Audit of 3M 2-Year 

Study and 
Pathology Peer 

Review of 
Mammary Tumors 
and Publication of 

Review 

Humanized PPAR- 

On-go[ng. Peer review was completed and has 
been available on USEPA docket. Audit completed 
and reported received. Manuscript to be prepared. EPL 

Not #ossible to provide completion date for 
manuscript at this time. Target for 2008. 

Pennsylvania State Funded, On-going. This project is funded as a 

3246.0066 



sceBas
se  ——EEE==

we rvm— p——
Tomeronan a. Prov per,ans2) ics ofPEORan nenEr Es TR
—— “Ongoing. inife congAsied.Anaiical Completed.Te. EXhe -cl al

T Incompleted. Analysesoftssue.Tare1 EE{ EERE= aT
oo atin aosbyRYPhcompos MansarotEE EE,RE Er

Cy ana13 26sy recoverysscwes
Prato eeeoelSem— SR a,I: EE

,
suas

3M Monthly Report 
December 2007 

cd3Sv129 Wild 
Type Mice 

developmental 
study 

Mechanisms of Rat 
Liver and 

Pancreatic Acinar 
Tumor Production 

and Rat Liver 
Hyper[rophy 

CholeseveIam HCL 
Enhancement of 

Elimination 

Pharmacokinetics 

University non-restricted gift, There is no requirement for the 
investigator to prepare a report for 3M, 

CXR Biosciences, joint 
study through Association 

of Plastics Manufacturers of 
Europe; 

X 

Two proposals in consideration: 1) additiona{ 
bioinformatics on existing transcriptiona{ data from 
previous reports; and 2) effects of PFOA on guinea 

pig iiver 

Southern Research 
Corporation 

On-going. In-life completed. Analytical completedl 
Pharmacokinetic analyses completed. Report 

pending. 

in Rats 
3M X On-going. Completion by first quarter 2008. 

On-going. In-life completed. Analyses of tissue 
samples by RT-PCR are expected by early fourth 

5-Day Oral in Rats 3M X quarter 2007: To be reported as manuscript. 
Manuscript submission targeted for January 2008. 

28-Day Oral in Rats 

90-Day Oral in Rats 

Final report from 
NOTOX provided 

to Dr. Helen 
Goeden on 6/28/07 

Protocal provided 
to Dr. Helen 

Goeden on 4/03/0-/ 

NOTOX 

Contract laboratory final report received. Tissue 
analyses by RT-PCR completed. Manuscript in 

preparation. Completion of manuscript targeted for 
January 2008. 

NOTOX X 

On-going..90-day terminal sacrifice was conducted 
July 12 and 13. 25-day recovery sacdfice was 
conducted on August 6. Amendments made to 

accommodate evaluation of ocular tissues by Dr. 
Donald Fox, University of Houston. Unaudited draft 

report received 10-’~9-2007. 

Final report expected by December 2007. 
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3M Monthly Report 
December 2007 

Pharmacokinetics 
in Rats 

Pharmacokinetics 
in Mice 

Developmental 
Toxicity in Mice 
PPARc~-null vs, 

Sv129 VVT vs. CD-’~ 
dose-response 

study 

Humanized PPAR- 
c~.E]Sv129 Wild 

Type Mouse Liver 
Response 

2007 SOT CCT 
poster provided on 

2/28/2007 

ICT Poster 
provided July 26, 

2007 

2007 SOT CCT 
poster provided on 

2/28/2007 

3M 

EPNORD/NHEERL 

EPNORD/NHEERL 

EPNORD/N HEERL 

Pennsylvania State 
University 

X 

X 

X 

X 

Completed. Manuscript titled "Comparative 
Pharmacokinetics of Perfluorobutyrate (PFBA) in 

Rats, Mice, Monkeys, and Humans and Relevance 
to Human Exposure via Drinking Water" is currently 
in-preparation and will circulate for reviews by co- 

authors by December 2007. 

Branched versus linear poster given at ICT meeting 
in Montreal in July. 

Completed. Manuscript in-preparation (see above) 
with targeted completion by end of 2007 (part of 

overall pharmacokinetic manuscript), 

On-goi..ng+ Manuscript is in~preparati0n by EPA. 

On-going. In-life completed. EPA to write 
manuscript or report. 

Funded. On-going. This project is funded as a 
non-restricted gift. There is no requirement for the 
investigator to prepare a report for 3M, Licenses 

from NIH were finalized in early October 2007. In- 
life phase was completed on October 23 2007 for 

the first experiment. 

PFBA drinking 3M X In-life phase completed; report in-preparation 
water palatability , 

Toxicokinetio ’ 
Modeling 

Hamner Insititute X 

Lipid Homeostasis, 
Hypothalamic Saity 

Regu lation 
Stockholm Univers~y X 

On-going from existing data. Additional proposals 
in development. 

Funded. On-going, This project is funded as a 
non-restricted gift. There is no requirement for t~e 
investigator to prepare a report for 3M, Chemicals 

evaluated are: PFOA and PFOS. 

4 
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3M Monthly Report 
December 2007 

Thyroid Hormone 
Homeostasis 

Pulmonary 
Surfactant 
Interaction 

Cholesterol 
Synthesis and 

Metabolic Effects 
Research 

Comparative 
Molecular 

Responses of 
Human and Rodent 

Liver Ceils 
Short-Chain 

Perfluoroalkyl Acid 
Comparative 

Pharmacokinetics 
in Rats 

Biochemical 
Toxicology 

Poster presented at 
SOT CCT in 

Arlington, VA in 
February, 2007 

MDH staff invited to 
and attended 

presentation on 
completed work on 

April 17, 2007 

3M 

University of Calgary 

TNO 

University of Minnesota, 
Duluth 

3M 

Stockholm University 

X 

X 

X 

On-going with assistance from Mayo Medical 
Laboratories, NHPP-UCLA, EPA, Fairview 

University Hospital Chemicafs evaluated are: 
PFOA and PFOS. 

Funded, On-going. This project is funded as a 
non-restricted gift. There is no requirement for the 
investigator to prepare a report for 3M. Chemicals 
eva~uated are: PFBS, PFHS, PFOS, and PFOA. 

Chemicals evaluated were: PFBS, PFHS, and 
PFOS. Reports issued. Addit~or~l work in proposal 

stage. Manuscripts will be prepared. 

Funded. On-going. This project is funded as a 
non-restricted gift. There {s no requirement for the 

investigator to prepare a report for 3M. 

On-going. Some in-life completed. Analyses 
pending. Completion targeted in f~rst or second 

quarter 2008. 

Funded. On-going. This project is funded as a 
non-restricted gift. There is no requirement for the 

investigator to prepare a report for 3M. Two 
manuscrfpts have been submitted. 

PFBS human, Manuscript in-preparation 
monkey and rat 3M X 

Goat Q407 
half-life study. 

Manuscript submitted for publication consideration. 

American Red 
Cross 2006 
Biomonitoring study 

3M / American Red Cross X Poster presented at ISEA October 2007 meeting, 

Results presented at British Society of Toxicology 
meeting in November 2007, 
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3M Monthly Report 
December 2007 

PFBA Human Half 
Life Study (Cottage 

Grove) 

Cottage Grove 
cohort mortality 
study- update 

PFBA Human Half 
Life Study 
(Cordova) 

Danish birth 
outcome study 

Danish case- 
cohort study 

2005 PFBA 
biomonitoring study 

Cottage Grove 
CPDC Employee 

Biomonitoring 

Results presented at SETAC North American 
me.eting in November 2007. 

Report to MDH X 
August 2007 

3M 

Report to MDH University of Minnesota I X 
October 2007 3M 

Manuscript in preparation. 

Final report received; meeting arranged for October 
4 2007 with MDH to present. Presentation and 

copy to MDH on Oct 4, 2007. 

Manuscript in preparation, 

Report to MDH X 
October 2007 

Manuscript in preparation. 

International Epidemiology        X 
I nstitute 

International Epidemiology 
Institute 

Ongoing 

Multi-year study; more than one publication 

See Fei et.al., Environmental Health Perspectives 

doi: I 0.12891ehp. 10506 

Ongoing 

Multi-year study; more than one publication 

Reports to MDH Final report completed July 2007 (Cottage Grove) 
August 2007 and 3M X 

October 2007 
Final report completed July 2007 (Cordova) 

Individual resu{ts provided to employees. 
3M X 

Final report completed December 2007. 
Study 

European 
Framework 

PERFORCE World- 3M On-going 

Wide Analytical 
Challenge 
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British Toxicology 
Society (BTS) 

PFOA workshop 
British Toxicology Society 

3M participating in the organizing committee; 

Workshop held in November 2007 
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, STaTE OF Minsgsors
G5 omc or AvvivisTranive Hearines
Eel an 00WasngionSante Sut 170TENE ogooieg Menassls, Monee 54012158

August 17,2007 eas
Pama Shubat
Minnesoa DoparmetofHealth
Freeman Buiding 3C
PG. Bon 61975
St Paul, MN 55164-0675

RE: Roviowoftho Proposed ExemplRules of heSatoDepartmantofHealth
Relaingto Haalh Risk Lime for Porlrathomcals, Min. R. parts
AT17.7200, 4717.7500, and 47177650
OAH Docks No. 70-0800-19137-1. Govemors TrackingNo.AR 345.

Doar a Shubat:
This so form you that the amendmenis o Minos Rules,pars 4717.7200,

47177606, and 4717.7650 havo boon approved as to legal on August 17, 2007,
dor innasata Stats, sectons 14.383 and 14.39, subdviion 1. dauso 1. The
amondnonts 1 tho ne pars ro exempt from th remaking requirements of
Vinasca Rules, Chaplar 14by ihedrocton ofthe Logie in Laws of 1Annesota
2007, Chapter37 Scion 1.

Further, because this Office received detailed and vigorous public comment
tagarting the scecions made by the Deparment i those. amendments. the
UndersgnedALJ has ss bil topo which deals the re review.

Wilh tho approval of tho adopted res, our offco has closed tis flo and is
fotuming he ie facord ©you0that your agency can maintain th oficial makingTocord 1 ths matter as requiredby Minnocota Statute, secion 14.355. Ouroffcewil
fiefourcorto cplof ha io wih tho SocrataryofSatsoffice. Tho Doparment
may Dilan a copy of ihe amendment i th Stat Reger pursuantfo Min. StL. §
T4385a)8). Tho amendments wil 50 foci upon publcatn.

you havoanyquestions, loass contact Mara Lindstroma 612/349-2527.
Sincersly,

ERCL jig]
AmiraLawJudgeEnclosures
EEntOrgoneEpo
sarina Art ta Fra
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August 17, 2007 

STATE OF MINNESOTA 

OFFICE OF ADMINISTRATIVE I~EARINGS 

100 Washington Square, Suite 1700 
100 Washington Avenue South 

’ Minneapolis, Min~iesota 55401-2138 

TELEPHONE: (612) 341-7600 

TTY: (612) 341-7346 

Pamela Shubat 
Minnesota Department of Health 
Freeman Building 3C 
P.O. Box 64975 
St. Paul, MN 55164-0975 

Review of the Proposed Exempt Rules of the State Department of Health 
Relating to Health Risk Limits for Perfiuorochemicals, Minn. R. parts 
4717.7200, 4717.7500, and 47!7.7650. 
OAH Docket No. 70-0900-19t37-t. Governor’s Tracking No. AR 346. 

Dear Ms. Shubat: 

This is to inform you that the amendments to Minnesota Rules, parts 4717.7200, 
4717.7500, and 4717.7650 have been approved as to legality on August 17, 2007, 
under Minnesota Statutes, sections 14.386 and 14.388, subdivision 1, clause 1, The 
amendments to the rule parts are exempt from the rulemaking requirements of 
Minnesota Rules, Chapter 14, by the direction of the Legislature in Laws of Minnesota 
2007, Chapter 37, Section 1. 

Further, because this Office received detailed and vigorous public comment 
regarding the selections made by the Department in these amendments, the 
undersigned ALJ has issued a brief report which details the rule review. 

With the approval of the adopted rules, our office has closed this file and is 
returning the rule record to you so that your agency can maintain the official rulemaking 
record in this matter as required by Minnesota Statutes, section 14.365. Our office will 
file four certified copies of the rules with the Secretary of State’s office. The Department 
may publish a copy of the amendment in the State Register pursuant to Minn. Stat. § 
14.386(a)(4). The amendments will be effective upon publication. 

you have any questions, please contact Maria Lindstrom at 612/349-2527. 

Sincerely, 

ERIC L. LIPMAN 
Administrative Law Judge 

Enclosures 

Providing Impartial Hearings for Government and Citizens 
An Equal Opportunity Employer 

Administrative Law Division & Administretive Services 
Facsimile’. (612) 349-2665 

Workers’ Compensation Hearings Division 
Facsimile: (6t2) 349-2691 

Workers" Compensation Settlement Oivisiol~ 
Facsimile: (612) 349-2634 

Appendix F- Page 2 

3246.0073 



(OAH DocketNo. 70.0900-19137-1
Governors Tracking Number AR 46

STATE OF MINNESOTA
(OFFICE OF ADMINISTRATIVE HEARINGS

FOR THE MINNESOTA DEPARTMENT OF HEALTH
Roview oftheProposedExemptRules of
ho Stato Deparment of Health Relating ORDER ON REVIEW
10HealthRisk iit for ‘OFRULES UNDER
Perforochemicais, Min. parts MIN, STAT. § 14.386
717.7200, 4717.7600, and 4717.7650.

The Minnosota DepartmentofHealh (ie Deparimant) is sacking review
an approval oft above-antied is, promulgated pursuant to Minn. Sa. §
436s. On August 3, 2007. the OfficofAdminstativ Hearings received tho
Gocumonts fom the Dapariment requiredf bo fod under Mim. Sit § 14.388
and Hin. Rul 14002400.

Tis mate come before Adnmintatve Law Judge Eric Lipman during
tho rovow for legally pursuant 1 Minnesola Stats, sections 14.386 and
4368, subdivision 1, cause 1. This lega teviow wos undertaken bocouse the
proposed amondmenis to Par 4717 aro ihenviso oxempt fr the rulemaking
Toquroments of Minnesota Rules, Chapter 14, by he ircton of he Legisaturo
in Lows of Minnesota 2007, Chap 37. Section 1.

Basa upon a roview of the writen submissions and figs, Minnesota
Statutes, Minnosota Rules, and forth reasonssaforth nthe Memorandum that
follows below:

71S HEREBY ORDERED:
1. The ries were adopted in compliance wilh the procedural

equomentsof inn. Stal. Chap. 14and Mn. R Chap. 1400.
2. The amendmentsfo Minnesota Rules, pats 417.7200, 4717.7500,

and 4717.7650 ae APPROVED,
Dated: August 17, 2007 Feil

zetaTPA
Admiistraivo Law Judge
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OAH Docket No. 70-0900-19137-1 
Governor’s Tracking Number AR 346 

STATE OF MINNESOTA 
OFFICE OF ADMINISTRATIVE HEARINGS 

FOR THE MINNESOTA DEPARTMENT OF HEALTH 

Review of the Proposed Exempt Rules of 
the State Department of Health Relating 
to Health Risk Limits for 
Perfluorochemicals, Minn. R. parts 
4717.7200, 4717.7500, and 47t 7.7650. 

ORDER ON REVIEW 
OF RULES UNDER 

MINN. STAT. § 14.386 

The Minnesota Department of Health (the Department) is seeking review 
and approval of the above-entitled rules, promulgated pursuant to Minn. Stat. § 
14.388. On August 3, 2007, the Office of Administrative Hearings received the 
documents from the Department required to be filed under Minn. Stat. § 14.388 
and Minn. Rule 1400.2400. 

This matter came before Administrative Law Judge Eric L. Lipman during 
the review for legNity pursuant to Minnesota Statutes, sections 14.386 and 
14.388, subdivision 1, clause 1. This legal review was undertaken because the 
proposed amendments to Part 4717 are otherwise exempt from the rulemaking 
requirements of Minnesota Rules, Chapter 14, by the direction of the Legislature 
in Laws of Minnesota 2007, Chapter 37, Section 1. 

Based upon a review of the written submissions and filings, Minnesota 
Statutes, Minnesota Rules, and for the reasons set forth in the Memorandum that 
follows below: 

iT IS HEREBY ORDERED: 

1.    The rules were adopted in compliance with the procedural 
requirements of Minn. Stat. Chap. 14 and Minn. R. Chap. 1400. 

2. The amendments to Minnesota Rules, parts 4717.7200, 4717.7500, 
and 47t7.7650 are APPROVED. 

Dated: August 17, 2007 

ERIC L. LIPMAN 
Administrative Law Judge 
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MEMORANDUM
On May 4, 2007, Governor Tim Pavlerty signed, and deposied wi the

‘Soctoary of Staio, Chapt 37 of the 2007 Laws of Minnesota. In addon fo
other roquiremans, tis logilaton directedtheCommissionerofHealtho

ovelop and adopt by rule, pursuant to Minnosota Statutes, socton
14.385, subdivision 1, clause (1). health risk limit, as defined in
Ninesola Statutes, section 103H.005, subdivision 3,foperfuoroociancic
ci, and peruorooctane sufonats. The commissioner shai develop and
adopt the health risk limits according to Minnesota Satuls, section
144075, and cnsure that the health tik limits are based on currently
availabl ioiity and exposure data.

‘Chapt 37wasefoctvo on tho day followingfinalenactmont
“The legislation has a number of noteworthy features that aro relevant to

tholatorlogalrovewof the proposad rules. First, he tate logisiatur’s oct.
that he commissioner shall develop and adopt by rule” healt risk fis for
perfluorooctancic acid (PFOA), and perfluorooctano sulfonate (PFOS) “pursuant
to Minnesota Statutes, socton 14.388, subdivision 1. clause (1); makes two
points clear. th Logisiaturo conciudod hat he ordinary rulemaking procoduros
ofChaptor14ao“unnecessary, impracticable,orcontrary o thepubic teres,”
‘and nat the sought.atr hoallh sk lsaro hooded to “addressaserous and
immeditothreat to he pubic hoalth,safely, or wellaro- Minn. Stat. § 14.388
provides an abbrevated rulemaking procedure whers an agencycanshowgood
Cause or use of tha provision. In this instance, however, the Legsature has
detomined (and specified in Chapter37) hat good cause is resent

Second, section 14.388 provides that the agency must salty the
ouoments of Min. Stal. § 14386(a)11(4) in order 1 adopt a re. Under
hose provisions the Rovisor of Statutes must approve the form of he rl, tho
‘agony hoad must adopt the rue, the Offco of Administrative Hearings rust
‘approve the nia as fo alegality and th rulemustbopublished in the Stato
Rogistor

The logalty determination by OAH ls govornod by Minn. Rule pt.14002400, up. 3, which states hat n rovowinga lng the Judge must docide

So, 2007Lov of Minas,Chapa 7, Soci 1.

* So, Min Sia § 14.388 01) (2007)
© Cope a. nhNate ho AdoponofRios Govern Veta Rgiaton, Minosctaiad7CoTOS |50)(Evoh,se ls E0164.

2
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MEMORANDUM 

On May 4, 2007, Governor Tim Pawlenty signed, and deposited with the 
Secretary of State, Chapter 37 of the 2007 Laws of Minnesota. ~n addition to 
other requirements, this legislation directed the Commissioner of Health to: 

develop and adopt by rule, pursuant to Minnesota Statutes, section 
14.388, subdivision 1, clause (1), health risk limits, as defined in 
Minnesota Statutes, section 103H.005, subdivision 3, for perfluorooctanoic 
acid, and perfluorooctane sulfonate. The commissioner shall develop and 
adopt the health risk limits according to Minnesota Statutes, section 
144.0751, and ensure that the health risk limits are based on currently 
available toxicity and exposure data] 

Chapter 37 was effective on the day following final enactment,z 

The legislation has a number of noteworthy features that are relevant to 
the later legal review of the proposed rules. First, the state legislature’s directive 
that "the commissioner shall develop and adopt by rule" health risk limits for 
perfluorooctanoic acid (PFOA), and perfluorooctane sulfonate (PFOS) "pursuant 
to Minnesota Statutes, section 14.388, subdivision 1, clause (1)," makes two 
points clear: the Legislature concluded that the ordinary rulemaking procedures 
of Chapter 14 are "unnecessary, impracticable, or contrary to the punic interest," 
and that the sought-after health risk limits are needed to "address a serious and 
immediate threat to the public health, safety, or welfare.’’3 Minn. Stat. § 14.388 
provides an abbreviated rulemaking procedure where an agency can show good 
cause for use of that provision. In this instance, however, the Legislature has 
determined (and specified in Chapter 37) that good cause is present.4 

Second, section 14.388 provides that the agency must satisfy the 
requirements of Minn. Star. § 14.386(a)(1)-(4) in order to adopt a rule. Under 
those provisions the Revisor of Statutes must approve the form of the rule, the 
agency head must adopt the rule, the Office of Administrative Hearings must 
approve the rule as to its legality and the rule must be published in the State 
Register. 

The legality determination by OAH is governed by Minn. Rule pt. 
1400.2400, subp. 3, which states that in reviewing a filing the judge must decide 

~ See, 2007 Laws of Minnesota, Chapter 37, Section 1. 

z ld. 

~ See, Minn. star. § 14.388 (I)(1) (2007). 

4 Compare, e.g., In the Mafter of the Adoption of Rules Governing Voter Registration, Minnesota 

Rules, Chapters 8200 and 8210, OAH Docket No. 70-3500-16046-1 (2004) 
{htfp://www.oah.state.mn.us/al)Base/350016046.or.htm). 
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‘Whether tho ro meets the siandard of part 1400.2100, ems A and © 10 G.
Those standardof review provide asolous:

Aude mustbodisapprovedby he udgoor chief judge ho ru:
A wasnot adoptedin complancowihprocedural
Teuiremonts of hia chapter. Mithesota Statutes, chapler
4, or oir law o rl, urls the udgo decides that tho
oor must bo regarded. undor Nimescta. Stauies,
Socton 14.15, subdiion 5. or 14.35, subdivision 3,
paragraph (3):

©. oxcoods, conics wih dous not comply win, or
grants ho agency discreion beyond wha is alowed by i
Graig sate or ther applicable law:
Eis unconstitutionalor legel:
F. __ impropery dlegales the agency's powers to anther
agency, person or group:
Gis not a “ne” as dofined in Minnesota Status,
Socton 14.02. subdivision 4, or by 1s own forms cannok
haveth forceandofcofaw:

Mion. Sta. § 14.388, subd. 2 proves that intrest pattoshavefebusiness
days aftrthodatoo theNoicoofAdoption 0 Submit comments to he Offce of
miistrative Hearings. ThecommentperiodendedonAugust 10, 2007al£30
pm. OAH roceved four tmel-aubmied comments regaring tis rl.

Third, whi the ordinary reviow of russ under ho “good cause
exemption: spegiealy oxciudes assessments of th reasonabionces of tho
proposed nes: in this instance tho enabing legisaton rainroduces somo
Ini ino 1 oasonabloness of tho Dapariments selections who suing
oan risk lis. Ghaptr 37 roquios tha tho adoption of heath risk mis or
PFOA and PFOSbomade “accoring to Minnesaia Statutes secon 14.0751.
and 50.95 fo “onsuro hat 10 Roan isk Is ao based on cunt avaiablo
oxickyand oxposurs data. Mim. Stat. § 140751 furiner proves hat

(@) Safe drinking water or air qualty sandards established of
rovisod by thocommiss ner of oath must

Compr,Hen, 140024090) 2609 il en. . 14302100(3) 00)
© 50.2007 LowsofMeso,Crestor 7. Sacto.
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whether the rule meets the standards of part 1400.2100, Items A and D to G. 
Those standards of review provide as follows: 

A rule must be disapproved by the judge or chief judge if the rule: 

A. was not adopted in compliance with procedural 
requirements of this chapter, Minnesota Statutes, chapter 
14, or other law or rule, unless the judge decides that the 
error must be disregarded under Minnesota Statutes, 
section 14.15, subdivision 5, or 14.36, subdivision 3, 
paragraph (d); 

D. exceeds, conflicts with, does not comply with, or 
grants the agency discretion beyond what is allowed by its 
enabling statute or other applicable law; 

E. is unconstitutional or illegal; 

F. improperly delegates the agency’s powers to another 
agency, person or group; 

G. is not a "rule" as defined in Minnesota Statutes, 
section 14.02, subdivision 4, or by its own terms cannot 
have the force and effect of law .... 

Minn. Stat. § 14.388, subd. 2 provides that interested parties have five business 
days after the date of the Notice of Adoption to submit comments to the Office of 
Administrative Hearings. The comment period ended on August 10, 2007 at 4:30 
p.m. OAH received four timely-submitted comments regarding this rule. 

Third, while the ordinary review of rules under the "good cause 
exemption," specifically excludes assessments of the reasonableness of the 
proposed rules,5 in this instance the enabling legislation reintroduces some 
inquiry into the reasonableness of the Department’s selections when issuing 
heath risk limits. Chapter 37 requires that the adoption of health risk limits for 
PFOA and PFOS be made "according to Minnesota Statutes section 144.075t," 
and so as to "ensure that the health risk limits are based on currently avaifable 
toxicity and exposure data,"6 Minn, Stat. § 144.0751 further provides that: 

(a) Safe drinking water or air quality standards established or 
revised by the commissioner of health must: 

Compare, Minn. R, 1400,2400 (3) (2005) with Minm R. 1400.2100 (B) (2005). 

See, 2007 Laws of Minnesota, Chapter 37, Section 1. 
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(1) bo based on scientficaly acceptable, peer-reviewedInformation; and
@) incado a reasonable margin of safely to adequately

prooct the health of inant, chidien, ond aduls by taking nto
Consideration risk. to gach of the following hoalh outcomes:
Toproducive. development and function. respiratory function.immanclogic suppressionorypersarsiizaio. developmentofhe
brain and nervous system, endocrine (harman) functor, cancer,
goneral infant and chi development, and any other important
oat outcomes Kontfiod bythe commissioner.
(0) For purposes of this section, “peereviewed® means a

scintfcaly based review conducted by indhidusls wih substantol
Knowdodge and experiance in oxcalgy. healthiskassessment, or her
elated idasdotarminodby tho commissenor”

In ts circumstance, tersforo, n order to complete an assessment of whether
the proposed hoalh car mis “cxcocs,conficts wih, doos not complywih,or
grants iho agoncy discroton beyond wha i alowed by fs onablng salute or
Soplcat law, some inquiry ino he agency's choices of cata, margins of
Salty and “peer-reviewed formatois needed.

When Chapter 37 and Minn. Stat. § 144.0751 aro road together, tree
essental roquromonts aro presented. Tha Commisionor f fo deveip haath
ak mis forPFOA and PEGS hat:

(1) rotectsscientific acooptabl,poo-aviowedinformation;
(2) incudos a reasonablo margin of safely fo protect tho heath of

infants, chron and acs from oak outcomes ha aro specified
n statute and bythe Commissioner, and

(8) arebasedoncurentlyavlabl oxcty and exposure data.
Bacause the heath skims developedby the Departmentmeet ach ofthese
stator standard, approvalof he propose ies warranted.

A hecoreofthecontroversyoverthe proposedhealth isk fms, is a
opt over th iogors hat should bo used in an imporiant equation. Tho
founding tocksofboththe Department assignmentof hoath isk ms, and the
ShorpCHiauesofthecommentatorswhomel respondedto th proposed ims,

7 Soon,St § 14380 (40)29D.
© Compare i..14002100 8) nd (0) 200)isMi. 140024003) 009.
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(1) be based on scientifically acceptable, peer-reviewed 
information; and 

(2) include a reasonable margin of safety to adequately 
protect the health of infants, children, and adults by taking into 
consideration risks to each of the following health outcomes: 
reproductive development and function, respiratory function, 
immunologic suppression or hypersensitization, development of the 
brain and nervous system, endocrine (hormonal) function, cancer, 
general infant and child development, and any other important 
health outcomes identified by the commissioner. 

(b) For purposes of this section, "peer-reviewed" means a 
scientifically based review conducted by individuals with substantial 
knowledge and experience in toxicology, health risk assessment, or other 
related fields as determined by the commissioner.7 

In this circumstance, therefore, in order to complete an assessment of whether 
the proposed health care limits "exceeds, conflicts with, does not comply with, or 
grants the agency discretion beyond what is allowed by its enabling statute or 
applicable law,"8 some inquiry into the agency’s choices of data, "margins of 
safety" and "peer-reviewed information" is needed. 

When Chapter 37 and Minn. Stat. § 144.0751 are read together, three 
essential requirements are presented. The Commissioner is to develop health 
risk limits for PFOA and PFOS that: 

(1) reflects scientifically acceptable, peer-reviewed information; 

(2) includes a reasonable margin of safety to protect the health of 
infants, children and adults from health outcomes that are specified 
in statute and by the Commissioner; and 

(3) are based on currently available toxicity and exposure data. 

Because the health risk limits developed by the Department meet each of these 
statutory standards, approval of the proposed rules is warranted. 

At the core of the controversy over the proposed health risk limits, is a 
dispute over the integers that should be used in an important equation. The 
founding blocks of both the Department’s assignment of health risk limits, and the 
sharp critiques of the commentators who timely responded to the proposed limits, 

See, Minn. Star. § 14.388 (1)(1) (2007). 

Compare, Minn. R. 1400.2100 (B) and (D) (2005) with Minn. R. 1400.2400 (3) (2005). 
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are the numerical values that should be sad to complete the folowingcaciaton:
(Roforoncodosa) Wightof the subject)Heath Risk Limits (Relative source contbuton) (1,000)(micrograms pera) = crs
(ime weighed water intake in unitsoffers
per Kilogram of amanbodyweigh perday)

“The Depariments calculations for PFOA and PFOS revise and supplement the
vals sale carerregulation Heath isk Lin or Systemic Toxicans

Mimesola Mining and Manufackring (9). tho Mionesota Gorter for
Envronmonial Advocacy and Dr. David Grey al go diferont values © bo.
placed iio the Departments hoali risk imi oquaton. Yat, tho claim hat
anciner iiogor roprosents a. beter chocodoos notestabish hatto.
Department's selections fa to provide a roasonablo margin of salty” as those
toms aro used in Chaptor 37. Paricuarly nse n ins regard, Is tho
summary that Adminitrative Law Judgo Bruce D. Campbell mado on a simiar
Question, neat fiteen years ago. Judge Campbel observed:

Tho word “reasonable” is perhaps ono of the most relate and
goneric toms used nin awan i diffu o formulatean adeaate or
alkoncompassing defnion. The word reasonable" has been defined in
he low 2s “ordinary or Usual", “ol immoderale or excessive’, not
capricious, arian. or confiscaory. When employed 10 descibe the
means wich aro used to achieve a lgiimals end, it suggests nok
necessarily the best or ony method but one fay appropriate, at least
Underal crcumstances. I has eonsak hatconduct reasonabl 11.
‘consistent wih that of & prudent person in ke cumstances. The word
has also been held 10" be the equivalent of the words. adequate’,
“moderate, and “orinan

Reasonably’ whan usedas a qualfing adver lkewiso has mary
shados of meaning, depending in a particular caso on the context or
attendant circumstances. 1s Gefnod 8s moaning in a reasonable
manner, “consisinty wih reason, fait’, “in moderato dogroo’,
“measyrably ‘Moderato’, "oleraby, ‘not exavaganty, oxcossNol, offly

compar Mon. 47177100 Bruch 717.7800 207) 0d Mi a. § 10310055)alan Exo2on oan25.2001 Marron ro Goode).
on tooMatera hoAgicaton of hrsStsoverCanaryfor Ruano ho

AEne PatoAl Kis GomeraPa ORY Ooch o.52205EE2
EE etOta um siras0012281
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are the numerical values that should be used to complete the following 
calculation: 

Health Risk Limits 
(in micrograms per liter) = 

(Reference dose) (Weight of the subject) 

(Relative source contribution) (1,000) 

(time weighted water intake in units of liters 
per kilogram of human body weight per day) 

The Department’s calculations for PFOA and PFOS revise and supplement the 
values stated in its earlier regulation "Health Risk Limits for Systemic Toxicants."~ 

Minnesota Mining and Manufacturing (3M), the Minnesota Center for 
Environmental Advocacy and Dr. David Gray all urge different values to be 
placed into the Department’s health risk limit equation. Yet, the claim that 
another integer represents a better choice does not establish that the 
Department’s selections fail to provide "a reasonable margin of safety," as those 
terms are used in Chapter 37. Particularly instructive in this regard, is the 
summary that Administrative Law Judge Bruce D. Campbell made on a similar 
question, nearly fifteen years ago. Judge Campbell observed: 

The word "reasonable" is perhaps one of the most relative and 
generic terms used in the law and it is difficult to formulate an adequate or 
all-encompassing definition. The word "reasonable" has been defined in 
the law as "ordinary or usual", "not immoderate or excessive", "not 
capricious, arbitrary, or confiscatory." When employed to describe the 
means which are used to achieve a legitimate end, it suggests not 
necessarily the best or only method but one fairly appropriate, at least 
under all circumstances. It has been said that conduct is reasonable if it is 
consistent with that of a prudent person in like circumstances. The word 
has also been held to be the equivalent of the words "adequate", 
"moderate", and "ordinary". 

"Reasonably", when used as a qualifying adverb likewise has many 
shades of meaning, depending in a particular case on the context or 
attendant circumstances. It is defined as meaning in a "reasonable 
manner", "consistently with reason", "fairly", "in moderate degree", 
"measurably", "moderately", "tolerably", "not extravagantly, excessively, or 
fully."~° 

9 Compare, Minn. R. 4717.7100 through 4717.7800 (2007) and Minn. Stat. § 103H.005 (3) 

(2006) with 3M’s Exhibits 2 and 3 (February 26, 2007 Memoranda of Helen Goeden). 

~o See, In the Matter of the Application of Northern States Power Company for Reissuance of the 

Air Emission Permit for the Allen S. King Generafing Plant, OAH Docket No. 2-2200-7921-2 
(1993) (citing 75 C.J.S. 635 and 75 C.J.S. 638 omitted) 
(_http:flw~Lw_ .oah,state.mn.usla]jBase/22007921 ~93,htm). 
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By any fai reading of the February 26, 2007 memoranda which undoro the
Departments PFOA and PFOS heath ik mits, thopromulgated standards aro
“moderate” and “consistentwih roason.”

Moreover, in accordance with the statutory mandates, he proposed healt
isk iis: (1) rofloct sclntficall accopiabo, poor-eviowed information” (2)include a raasonable margin of safety to protect he hoalh of infants, chidron
and aduls fom speciled health oulcomes;” and (3) are based on currently
‘avaiable toxicy and exposure data.”

Lasty.if the commentators (or others) are nt persuaded by the analyses
that appear in the February 26, 2007 memoranda, and boleve thal her
numerical values. should represent tho “reforence dose,” “relative. sourco
Conon” or “inlako values," heir best remedy is fo prosont thoso views
dirocty to the Minnesota’ Logisaturo. Just as the Logisiaturo directed the
‘Comissionar of Health to render her best judgment on the question of health
rik limits, and to work within spocifed pararlers, the Logisatur i at ibety fo
ovis hos directives orto subsitehor Roath isk ims as s00s i.

CONCLUSION
Pursuant to Minnesota Stattos, soctons 14.385 and 14.388, subdivision

1, clause 1, tho amendments to Minngsota Rules, parts 4717.7200, 4717.70,
and 4717.7650 are approved ast legal.

With the approval of the adopled ules, our office has closed is fle and
Wil atm the rls cordt the Minnesota DeparmentofHealth, Ouroffice wll
Tl four cortfed copies of the rules with the Secretary of Sate. The Department
may publish acopyof he amendment in the Sta Register pursuant o Minh.
Stat. § 14.396(a)4). Tho amendments wilbe ffctiv upon publication.

7 San,Acmnt0 EAN 212 oughT: Achat .3.12rch.
5Su,AachenfoHsEx.211brug Alsen3h Ex.31Broigh3.

San, Ascent10MsEx2.01Pugh,AscottohEx 311 prc7.
4 San, CommentsofMt 13 ugh 17;Cansof Dai Grays4.
© San,Commentsoft 129% 13; Commons oD, Grn 12.
4 Su,Commentsof MCEAst 2Commer of ht 1 nd12.

.
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By any fair reading of the February 26, 2007 memoranda which underlie the 
Department’s PFOA and PFOS health risk limits, the promulgated standards are 
"moderate" and "consistent with reason." 

Moreover, in accordance with the statutory mandates, the proposed health 
risk limits: (1) reflect scientifically acceptable, peer-reviewed information;11 (2) 
include a reasonable margin of safety to protect the health of infants, children 
and adults from specified health outcomes;12 and (3) are based on currently 
available toxicity and exposure data.~ 

Lastly, if the commentators (or others) are not persuaded by the analyses 
that appear in the February 26, 2007 memoranda, and believe that other 
numerical values should represent the "reference dose,’’~4 "relative source 
contribution"15 or "intake values,"16 their best remedy is to present these views 
directly to the Minnesota Legislature. Just as the Legislature directed the 
Commissioner of Health to render her best judgment on the question of health 
risk limits, and to work within specified parameters, the Legislature is at liberty to 
revise those directives or to substitute other health risk limits as it sees fit. 

CONCLUSION 

Pursuant to Minnesota Statutes, sections 14.386 and 14.388, subdivision 
1, clause 1, the amendments to Minnesota Rules, parts 4717.7200, 4717.7500, 
and 4717.7650 are approved as to legality. 

With the approval of the adopted rules, our office has closed its file and 
will return the rule record to the Minnesota Department of Health. Our office will 
file four certified copies of the rules with the Secretary of State. The Department 
may publish a copy of the amendment in the State Register pursuant to Minn. 
Stat. § 14.386(a)(4). The amendments will be effective upon publication. 

See, Attachment to 3M’s Exhibit 2 at 2 through 7; Attachment to 3M’s Ex. 3 at 2 through 7. 

See, Attachment to 3M’s Ex. 2 at 1 through 3; Attachment to 3M’s Ex. 3 at 1 through 3. 

See, Attachment to 3M’s Ex. 2 at t through 7; Attachment to 3M’s Ex~ 3 at 1 through 7. 

See, Comments of 3M at 13 through 17; Comments of David Gray at 4. 

See, Comments of 3M at 12 and 13; Comments of D. Gray at 2. 

See, Comments of MCEA at 2; Comments of 3M at 11 and 12. 
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Office of the Revisor of Statutes 
Administrative Rules 

TITLE: Adopted Exempt Temporary Rules Relating to Health Risk Limits for 
Perfluorochemicals 

AGENCY: Department of Health 

MINNESOTA RULES: Chapter 4717 

.... RULE APPROVED 

OFFICE O~ ADMINISTRATIVE HEARINGS 

DATE ~ 

ADM~VEL~A~ " ~-- .... JUD~. [ 

The attached rules are approved as to form 

Sandra ~lass-Sirany 

Senior Assistant Revisor 
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ws mEVISOR]  sGs/ic Row

1 Deparment of Health
2 Adopied Exempt Temporary Rules Relating fo Health Risk Limits for3 Reece "

4 47177200 HEALTH RISK LIMITS FOR SYSTEMIC TOXICANTS.
5 Subpart 1. Scope. Thi part establishes the method for determining the health isk
6 limit fora systemic toncant.
7 Subp. 2 Equation for systemic toxicants other than nitrate Gs nitrogen),
5 peruorsoctane sulfonate (PFOS), perfuorooctanoie acid (PFOA), or possible human
9 carcinogens. The equation for determiningthe healthrisklimitfo a syste toxicant
10 other than ritate (as nitrogen),perfiuorooctanesulfonate(PFOS),perivoroocancie
11 acid (PFOA) or a possible human carcinogen is:
n HRL= (RDKORSC1)
3 —_—
1 @
5 Whee
1% AL HRL is expressed in microgram or micrograms per ltr,
7 5.70) is the standard swelght of an adult expressed in Kiograms.
1 C. The RSC for substances or chemicals not listed in item D shal be 02.
K 1D. The RSC for the following substances or chemicals i:
2 Nome cask Rsc
2
2 @animeny 70360 on
2 @bm 7440393 0s
2 Gad Tic 025
23 dvomiumi 16065851 07
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7 (manganese 749965 08
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07/31/07 

Department of Health 

Adopted Exempt Temporary 
Perfluorochemicals 

[REVISOR] SGS/JC RD3722 

Rules Relating to Health Risk Limits for 

4717.7200 HEALTH RISK LIMITS FOR SYSTEMIC TOXICANTS. 

Subpart 1. Scope. This part establishes the method for determining the health risk 

limit for a systemic toxicant. 

Subp. 2. Equation for systemic toxicants other than nitrate (as nitrogen)~ 

perfluorooctane sulfonate (PFOS)I perfluorooctanoic acid (PFOA)I or possible h~tman 

carcinogens. The equation for determining the health risk limit for a systemic toxicant 

other than nitrate (as nitrogen), perfluorooctane sulfonate (PFOS), perfluorooctanoic 

acid (PFOA), or a possible human carcinogen is: 

HRL= (RfD) (70) (RSC)(1,000) 

(2) 
Where: 

A. HRL is expressed in microgram or micrograms per liter. 

B. (70) is the standard weight of an adult expressed in kilograms. 

C. The RSC for substances or chemicals not listed in item D shall be 0.2. 

D. The RSC for the following substances or chemicals is: 

Name CAS RN RSC 

(1) antimony 7440-36-0 0.4 

(2) barium 7440-39-3 0.8 

(3) cadmium 7440-43-9 0.25 

(4) chromium III 16065-83-1 0.7 

(5) chromium VI 18540-29-9 0.7 

(6) manganese 7439-96-5 0.8 

E. (1,000) is a factor used to convert the units of concentration from milligrams per 

liter to micrograms per liter. There are 1,000 micrograms per milligram. 

F. (2) is the standard amount of water ingested by an adult expressed ~ liters per 

day. 

Approved by Revisor 4717.7200                                1 
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1 [For textofsubp 3, see MR]
2 Subp. Sa Equation for perfuorooctane sulfonate (PFOS). The equation for
3 detemiing the health risk limit for perfluorooctane sulfonate (PECS) is:
4 HEL= REDIRSC.000)
5 eee
¢ 00
7 Whe
5 A HIRE,RSC,and (L000)havethemeaningsgivenisubpart2.
5 B.(0.048) is the time weightedaverage water intake (in unis oflitersper kilogram
10 human body weight per day) of an upper-end cossumes (95% percentile of water
1 take)overthefst27 versoflf;8period oftmcomespondingtothelonger
2 halflife of the chemical in the human body.
13 Subp.Sb. Equation forpefivorooctanoicacid (PFOA).Thesquaton or determining
14 the health isk limitfo perfluorooctanoiscid (PFOA) fs:
5 HEL= (RDIESCH1000)1s —_—7 Es
3 he
1 AL HRL RSC, snd (L000) have the meanings given in subpart 2.
x B.(0.053 is the imeweighted averagewaterintake (inunisof tersper ilogram
21 humanbodyweightperday)ofanupper-endconsumer(95h percentileof water
22 intake)overthe first19 yearsoflie aperiodof timecomespondingto thelonger
3 halflife of the chemical in the human body.
u [Fortext ofsub 4,see MR]
25 47177500 TABLE OF HEALTH RISK LIMITS.
% For textofsubps 110.70,sceMR]
2 Subp. 70. Perluorooctane sulfonate (FOS). Perfluorooctane sulfonate (PFOS)
® ven os = 03
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[For text of subp 3, see M.R.] 

Subp. 3a. Equation for perfluorooctane sulfonate (PFOS). The equation for 

determining the health risk limit for perfluorooctane sulfonate (PFOS) is: 

HRL= (RfD)(RSC)(1,000) 

(0.048) 
Where: 

A. HRL, RSC, and (1,000) have the meanings given in subpart 2. 

B. (0.048) is the time weighted average water intake (in units of liters per kilogram 

human body weight per day) of an upper-end consumer (95th percentile of water 

intake) over the first 27 years of life; a period of time corresponding to the longer 

half-life of the chemical in the human body. 

Subp. 3b. Equation for perfluorooctanoic acid (PFOA). The equation for determining 

the health risk limit for perfluorooctanoic acid (PFOA) is: 

HRL= (RfD)(RSC)(1,000) 

10.053) 
Where: 

A. HRL, RSC, and (1,000) have the meanings given in subpart 2. 

B. (0.053) is the time weighted average water intake (in units of liters per kilogram 

human body weight per day) of an ~pper-end consumer (95th percentile of water 

intake) over the first 19 years of life; a period of t~rne corresponding to the longer 

half-life of the chemical in the human body. 

[For text of subp 4, see M.R.] 

4717,7500 TABLE OF HEALTH RISK LIMITS. 

[For text of subps I to 70, see M.R.] 

Subp. 70a. Perfluorooctane sulfonate (PFOS). Perfluorooctane sulfonate (PFOS): 

1763-23-1 0.000075 -- 0.~3 

4717.7500                               2 
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asin REVISOR sGsnC Row

1 Subp. 70 Perfluoooctanoie acid (PFOA). Pefluorooctanoic cid (PFOA):
2 sse1 ome = os3
i Fortextofsbps 71 10.90,seeMR]
5 4717765 TOXIC ENDPOINTS.
6 For textofsubps 110.57, see MAI
7 Subp. 57a Perfluorooctane sulfonate (PFOS). Pesfuorooctane sulfonate (PFO)
5 1763251, hepatic iver) system, thyroid
9 Subp. 57 Perfluomaoctanoic acd(PFOA).Peflorooctanoi acd (PFOA), 35.47,
10 hepatic (ver) system, hematopoietic (blood) system developmental, imme system
n Fortetofsubps 55 to6, see MR]

3
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~ Perfluorooctanoic acid (PFOA). Perfluorooctanoic acid (PFOA): 

335-67-1 0.00014 -- 0.~5 

[For text of subps 71 to 90, see M.R.] 

4717.7650 TOXIC ENDPOINTS. 

[For text of subps 1 to 57, see M.R.] 

Subp. 57a. Perfluorooctane sulfonate (PFOS). Perfluorooctane sulfonate (PFOS), 

1763-23-1, hepatic (liver) system, thyroid. 

Subp. 57b. Perfluorooctanoic acid (PFOA)o Perfluorooctanoic acid (PFOA), 335-67-1, 

hepatic (liver) system, hematopoietic (blood) system, developmental, immune system. 

[For text of subps 58 to 69, see M.R.] 
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Available Studies on PFCs

Chemical names:

PFBS - Perfluorobutane sulfonate C4F9SO3
PFHXS - Perfluorohexane sulfonate, C6F13503
PFPeA - Perfluoropentanoic acid, CSHF902
PFHxA- Perfluorohexanoic acid, C6HF1102

Half-life study information that the department is aware of:

PEBS - mice NA; rats NA; monkeys (3.5 (0 4 days); and humans (approximately 30 days)
Manuseript for publication under preparation and anticipated to be available late 2007.

PFHXS - mice NA: rats NA; monkeys (87 to 141 days); and humans (approximately 8.7 years).
PFPCA - mice NA: rats NA; monkeys NA; and humans NA.
PFHXA - mice NA; rats 0.5 days; monkeys 0.8 - 1.45 days); and humans NA.

Toxicity study information that the department is aware of:

PFBS - 2 generation reproductive/developmental study in rats; 90 day oral study in rats; and
‘genotoxicity data

PFHXS -a 28 day study witha screening evaluationofdevelopmental endpoints and
genotoxicity data

PFPCA - no studies
PFHxA- screening 28 day study (only 1 dose level). Asahi Glass Company (Japan) in a

presentation to EPA reported data from a 28 day study with a screening evaluation of
developmental endpoints and a 90 days study. These studies have not been published.
“The department has a copy of the 28 day report summary but does not have access to
the 90 day study report.
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Available Studies on PFCs 

Chemical names: 

PFBS - Perfluorobutane sulfonate C4F9SO3 
PFHxS - Perfluorohexane sulfonate, C6F13SO3 
PFPeA - Perfluoropentanoic acid, C5HF902 
PFHxA - Perfluorohexanoic acid, C6HF1102 

Half-life study information that the department is aware of: 

PFBS - mice NA; rats NA; monkeys (3.5 to 4 days); and humans (approximately 30 days). 
Manuscript for publication under preparation and anticipated to be available late 2007. 

PFHxS - mice NA; rats NA; monkeys (87 to 141 days); and humans (approximately 8.7 years). 
PFPeA - mice NA; rats NA; monkeys NA; and humans NA. 
PFHxA - mice NA; rats 0.5 days; monkeys 0.8 - 1.45 days); and humans NA. 

Toxicity study information that the department is aware of: 

PFBS - 

PFHxS 

PFPeA 
PFHxA 

2 generation reproductive/developmental study in rats; 90 day oral study in rats; and 
genotoxicity data. 

- a 28 day study with a screening evaluation of developmental endpoints and 
genotoxicity data 

- no studies 
- screening 28 day study (only 1 dose level). Asahi Glass Company (Japan) in a 
presentation to EPA reported data from a 28 day study with a screening evaluation of 
developmental endpoints and a 90 days study. These studies have not been published. 
The department has a copy of the 28 day report summary but does not have access to 
the 90 day study report. 
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United Kingdom

The United Kingdom Drinking Water Inspectorate has developed a series of values for drinking
water supplies

ah|(ug/L) (ug/L)

1 (monitor levels)
2 (ak action to reduce vel as soon as practicable)
3 (ake actiontoreduce levels as soon as possible)

Note: > means “greater than”

Source:

Guidance on the Water Supply (Water Quality) Regulations 2000/01 specific to PFOS
(perfluorooctane sulphonate) and PFOA (perfluorooctanoic acid) concentrations in drinking
water
May 2007
http://www.dwi.gov.uk/regs/infolett/2007/info0507.pdf

Germany

“The Drinking Water Comission in Germany has developed maximum guidance values for
evaluating composite PFOA and PFOS water concentrations.

PFOA/PFOS composite (ug/L)
Health-based precautionary value. or 1]
Strictly health-based for safe lifelong exposure
Precautionary action level for infants
Precautionary action evelforadults so]

Source:

Provisional evaluation of PFT in drinking water with the guide substances perfluorooctanoic acid

(PFOA) and perfluorooctane sulfonate (PFOS) as examples
Assessment of PFOA in the drinking water of the German Hochsauerlandkreis. Statement by the
Drinking Water commission (Trinkwasserkommission) of the German Ministry of Health at the
Federal Environment Agency
June 21, 2006/revised July 13, 2006
huupi/vwav.uba defubainfo-presse-c/hintergrund/pft-in-drinkingwaterpdf

Appendix 1-2
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United Kingdom 

The United Kingdom Drinking Water Inspectorate has developed a series of values for drinking 
water supplies 

Tier PFOS PFOA 
(ug/L) (ug/L) 

1 (monitor levels) > 0.3 > 0.3 

2 (take action to reduce levels as soon as practicable) > 1.0 > 10.0 

3 (take action to reduce levels as soon as possible) > 10.0 > 90.0 

Note: > means "greater than" 

Source: 
Guidance on the Water Supply (Water Quality) Regulations 2000/01 specific to PFOS 
(perfluorooctane sulphonate) and PFOA (perfluorooctanoic acid) concentrations in drinking 
water 
May 2007 
http://www.dwi.gov.uk/regs/infolett/2007/info0507.pdf 

Germany 

The Drinking Water Commission in Germany has developed maximum guidance values for 
evaluating composite PFOA and PFOS water concentrations. 

Type of maximum value PFOA/PFOS composite (ug/L) 
Health-based precautionary value 0.1 
Strictly health-based for safe lifelong exposure 0.3 
Precautionary action level for infants 0.5 
Precautionary action level for adults 5.0 

Source: 
Provisional evaluation of PFT in drinking water with the guide substances perfluorooctanoic acid 
(PFOA) and perfluorooctane sulfonate (PFOS) as examples 
Assessment of PFOA in the drinking water of the German Hochsauerlandkreis. Statement by the 
Drinking Water commission (Trinkwasserkommission) of the German Ministry of Health at the 
Federal Environment Agency 
June 21, 2006/revised July 13, 2006 
http://www.uba.de/uba-info-presse-eihintergrund/pft-in-drinking-water.pdf 
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[Only the first page of the memo and the PFOA table entry of the memo are displayed]

December 11,2007

0: Requesting Parties

FROM: Dr. Luanne K. Williams, Toxicologist
Dr. Kenneth Rudo, Toxicologist
NC Occupational and Environmental Epidemiology Branch (NC OEEB)
NC Division of Public Health
NC DepartmentofHealth and Human Services

SUBJECT: North Carolina Public Health Goals (NCPHGs)

“The North Carolina Public Health Goals (NCPHGs) are North Carolina Division of Public Health health-
based drinking water levels. These levels are used by NC OEEB for evaluating the safety of private well
drinking water, The basis for each NCPHG is provided in the table that follows. New or updated
NCPHGs are also provided including the basis for the new NCPHGs. Questions regarding the calculation
of the NCPHGs can be directed to the two stat toxicologists, Dr. Luanne K. Williams at 919-707-5912or
Dr. Ken Rudo at 919-707-5911.

NCPHGs are not regulatory levels but provide guidance on the safety of North Carolina private well.
When NC OEE receives private well sampling results, these results will be compared to the health-
based NCPHGs to determineifthe water is safe to drink. For new private wells. “Guide for Interpreting
Private Well Water Lab Results” and “Information and Recommendations for Uses of Private Well
Water” will be provided to the health department responsibleforcollecting the private well samples.
When the NCPHG is less than the practical quantitation limit, the detection of that substance a or above.
the practical quantitationlimit, shallbe considered an unsafe level.

“The lst of NCPHGs is subject 0 change and will be reviewed every year or sooner if new scientific and
toxicological data become available. When a NCPHG is revised, we will send an electronic file o those.
that have requested to be placed on our list of individuals o receive the revised tables.

“The following references shall be used in order of preference in establishing the NCPHG.
1." US EPA Integrated Risk Information System Database hitp://sww. cpagov/risindex.himl
2. EPA latest Edition of the Drinking Water Standards and Health Advisories

wow cpa. gov/waterscience/eriteia/drinking dwstandardshim (which references a 10 fold
adjustment factor in the development of the chronic oral reference dose to fake into account
possible human carcinogenicity by oral and/or inhalation routes)

3. US EPA Region9 Preliminary Remediation Goals
itp. cpagovregion09/waste/sfund/pre/les 4pretable. pif

4. US EPA Region3 Risk-Based Concentration Table
itp. cpa.govireg Shwmdrisk/umanbe/RBCapro7.pdf

5. US EPA 1997 Health Effects Assessment Summary Tables
6. Centers for Discase Control and Prevention ATSDR chronic oral minimum risk level

itps//swww.atsrde. gov/mlshuml and cancer risk evaluation guide for 1 x 10°excess cancer
risk (CREG)

7. California EPA Public Health Goals (PHGS)hitp://www ochha,ca, go/sater/ph/liphgs him
8. National Primary Drinking Water Regulations http://www. cpa govisafewater/meLhiml
9. Other health isk assessment data published by US EPA and states
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[Only the first page of the memo and the PFOA table entry of the memo are displayed] 

December 11, 2007 

TO: Requesting Parties 

FROM: Dr. Luanne K. Williams, Toxicologist 
Dr. Kenneth Rudo, Toxicologist 

NC Occupational and Environmental Epidemiology Branch (NC OEEB) 

NC Division of Public Health 

NC Department of Health and Human Services 

SUBJECT: North Carolina Public Health Goals (NCPHGs) 

The North Carolina Public Health Goals (NCPHGs) are North Carolina Division of Public Health health- 
based drinking water levels. These levels are used by NC OEEB for evaluating the safety of private well 

drinking water. The basis for each NCPHG is provided in the table that follows. New or updated 

NCPHGs are also provided including the basis for the new NCPHGs. Questions regarding the calculation 
of the NCPHGs can be directed to the two state toxicologists, Dr. Luanne K. Williams at 919-707-5912 or 

Dr. Ken Rudo at 919-707-5911. 

NCPHGs are not regulatory levels but provide guidance on the safety of North Carolina private wells. 
When NC OEEB receives private well sampling results, these results will be compared to the health- 

based NCPHGs to determine if the water is safe to drink. For new private wells, a "Guide for Interpreting 
Private Well Water Lab Results" and "Information and Recommendations for Uses of Private Well 

Water" will be provided to the health department responsible for collecting the private well samples. 

When the NCPHG is less than the practical quantitation limit, the detection of that substance at or above 

the practical quantitation limit, shall be considered an unsafe level. 

The list of NCPHGs is subject to change and will be reviewed every year or sooner if new scientific and 

toxicological data become available. When a NCPHG is revised, we will send an electronic file to those 
that have requested to be placed on our list of individuals to receive the revised tables. 

The following references shall be used in order of preference in establishing the NCPHGs. 
1. US EPA Integrated Risk Information System Database http://www.epa.gov/iris/index.html 

2. EPA latest Edition of the Drinking Water Standards and Health Advisories 

www.epa.gov/waterscience/criteria/drinking/dwstandards.html (which references a 10 fold 
adjustment factor in the development of the chronic oral reference dose to take into account 
possible human carcinogenicity by oral and/or inhalation routes). 

3. US EPA Region 9 Preliminary Remediation Goals 
http://www.epa.gov/region09/waste/sfund/prg/files/04prgtable.pdf 

4. US EPA Region 3 Risk-Based Concentration Table 
http://www.epa.gov/reg3hwmd/risk/human/rbc/RBC apr07.pdf 

5. US EPA 1997 Health Effects Assessment Summary Tables 

6. Centers for Disease Control and Prevention ATSDR chronic oral minimum risk level 
http://www.atsdr.cdc.gov/mrls.html and cancer risk evaluation guide for 1 x 10 6 excess cancer 

risk (CREG) 
7. California EPA Public Health Goals (PHGs) http://www.oehha.ca.gov/water/phg/allphgs.html 
8. National Primary Drinking Water Regulations http://www.epa.gov/safewater/mcl.html 

9. Other health risk assessment data published by US EPA and states 
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‘Table entry for PFOA in the North Carolina Public Health Goals (NCPHG) December 11,
2007 memo

NCPHG for Total PFOA and PFOS 0.00063 mg/L (reference dose 0.00009 mg/kg-day generated
by CIIT at RTP based on lower bound 10% benchmark plasma concentration response:
for monkeys associated with increased liver weight at 23,000 ng/mL, pharmacokinetic
‘modeling data show equivalent human administered dose is 0.12 times serum 10% lower
bound effect level of 23,000 ng/mL (equal to 2.760 ng/kg-day), safety factors 3 for
animal to human and 10 for human variability corresponds to equivalent human
administered doseof90 ng/kg-day or 0.00009 mg/kg-day; 0.20 relative source
contribution; due to half life differences between rats of 2.8 to 202 hours and humans
38281 hours or 4.37 years (difference of as high as 13,671). Applying traditional safety
factors to an administered effect dose is not a scientifically valid approach for
determining a safe dose for humans because the corresponding serum level for humans at
a given administered dose would be significantly higher than for animals such as rodents.
Instead, EPA, EPA's Scientific Advisory Board, CIIT, and NC DHHS recommend the.
use of pharmacokinetic modeling to predict safe dose in humans based on serum effect
levels. Previous NCPHG was just for PFOA of 0.00063 mg/L.

Odor threshold level not available:
Taste threshold level not available
IMAC 0.002 mg/L (0.0003 mg/keg-day based on decreased body weight in rats and safety factor

of3000 based on 10 animal to human, 10 human variability. 10 Lowest Observed
Adverse Effect Level to No Observed Adverse Effect Level, and 3 data gaps)

MCL not available.
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Table entry for PFOA in the North Carolina Public Health Goals (NCPHGs) December 11, 
2007 memo 

NCPHG for Total PFOA and PFOS 0.00063 mg/L (reference dose 0.00009 mgikg-day generated 
by CIIT at RTP based on lower bound 10% benchmark plasma concentration response 
for monkeys associated with increased liver weight at 23,000 ng/mL, pharmacokinetic 
modeling data show equivalent human administered dose is 0.12 times serum 10% lower 
bound effect level of 23,000 ng/mL (equal to 2,760 ngikg-day), safety factors 3 for 
animal to human and 10 for human variability corresponds to equivalent human 
administered dose of 90 ngikg-day or 0.00009 mgikg-day; 0.20 relative source 
contribution; due to half life differences between rats of 2.8 to 202 hours and humans 
38,281 hours or 4.37 years (difference of as high as 13,671). Applying traditional safety 
factors to an administered effect dose is not a scientifically valid approach for 
determining a safe dose for humans because the corresponding serum level for humans at 
a given administered dose would be significantly higher than for animals such as rodents. 
Instead, EPA, EPA’s Scientific Advisory Board, CIIT, and NC DHHS recommend the 
use of pharmacokinetic modeling to predict safe dose in humans based on serum effect 
levels. Previous NCPHG was just for PFOA of 0.00063 mg/L. 

Odor threshold level not available 
Taste threshold level not available 
IMAC 0.002 mg/L (0.0003 mgikg-day based on decreased body weight in rats and safety factor 

of 3000 based on 10 animal to human, 10 human variability, 10 Lowest Observed 
Adverse Effect Level to No Observed Adverse Effect Level, and 3 data gaps) 

MCL not available 
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