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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) have been found in the groundwater in Washington County, and in
surface water and waste water effluent in other parts of the state. PFCs have also been found in
some fish in the greater metropolitan area. Health Risk Limits (HRLs) for PFCs are
concentrations in water (in ug/L or parts per billion) that pose little or no appreciable risk to a
person drinking the water.

On August 27, 2007, the department established HRLs for the perfluorochemicals
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS).
¢ The health effects of concern for PFOS are effects on the liver and thyroid.

¢ The health effects of concern for PFOA are effects on the liver and slowed development
of fetuses, reduced number of red blood cells, and changes to the immune system.

e  Water intake of 95 percent of the US population is used for the exposure.
¢ The HRLs for PFOA and PFOS are 0.5 ug/L and 0.3 ug/L, respectively.

Currently the MDH is acquiring and reviewing data on the toxicity of perfluorobutanoic acid
(PFBA) and other perfluorochemicals.
¢ The department intends to use the available toxicity information to develop a Health
Based Value for PFBA in the near future.

e New data on PFBA toxicity are expected in the future, and any Health Based Value could
change within the next few years.

® A cursory 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 Health Based Values for additional PFCs.

The department provides instructions in the HRL rules on a Hazard Index approach to assess
risks from exposures to mixtures of chemicals. The department will continue to advise the use of
a hazard index to assess risks from mixtures of PFCs.

The department has compared the health-based values for PFOA established in Minnesota
(0.5 ug/L) to the PFOA values established by New Jersey (0.04 ug/L) and North Carolina
(0.63 ug/L). In comparison to Minnesota:

e The New Jersey value was based on a different species (rat) and divided the serum level
of concern by 100 to estimate a water level of concern.

¢ The North Carolina value was based on the monkey study and modeled the serum level
of concern to estimate a dose of concern.
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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 legislature asked for a report by January 15, 2008, and an interim report by
September 30, 2007. This report fulfills the requirement of an interim report.

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.

I. 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 heat, 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 areas is an area
of active scientific research.
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The chemicals that concerned the legislature and state agencies include perfluorooctane sulfonate
(PFOS; C8F17S03), perfluorooctanoic acid (PFOA; C8F1502H), and perfluorobutanoic acid
(PFBA; C4F702H). Each of these chemicals has been found in groundwater in Washington
County, 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.us/hot/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
thoroughly 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.

Another 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 are different than animals 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 5 years for even one-half of a single exposure to PFCs
to leave the human body. In contrast, some animals eliminate 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.

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 for PFOA and
PFOS in 2006 and 2007 was extensive (Appendices A and B). The risk assessment led to
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guidance in 2007 on water concentrations (called ‘“Health Based Values™) that are safe for people
to drink and fish tissue concentrations that are safe for people to eat. The water concentrations
are expressed as parts per billion (ppb), which is the same as micrograms per liter of water
(ug/L), and are used to evaluate the levels of PFOA and PFOS 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 evaluate the levels of PFOS in the edible portion of fish. PFOA is not
detected in fish or is at levels too low to prompt an advisory.

The department calculated Health Based 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 drinking water intake was combined with a daily dose (in milligrams of chemical per
kilogram body weight per day) that is not likely to cause a health effect in humans. Toxicity
studies are carefully reviewed and often the scientists who conducted the studies are consulted.
Staff in the department select doses of interest, 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 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 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
comparable doses had similar effects on the liver and also showed that additional health effects
may be a concern (slowed development of fetuses, reduced number of red blood cells, and
changes to the immune system). The next step was to calculate a human equivalent dose of
concern that took into account the slow elimination of PFOA in the human body compared to the
monkey. The 70-fold difference between the two species was used to calculate a human dose of
concern. 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 mg/kg-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 mg/kg-d was divided by 300 and the
result was a reference dose of 0.00014 mg/kg-day.

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 (increase liver weight) and changes in levels of thyroid hormone, cholesterol, and high-
density lipoprotein. The dose that caused an effect was adjusted for the slower elimination of
PFOS by humans compared to monkeys (a 20-fold difference in time). Over time, a human daily
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dose of 0.0075 mg/kg-d would result 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 mg/kg-d was divided by 100. The result was a reference dose for PFOS of

0.000075 mg/kg-day.

The reference doses represent a safe daily dose of a chemical. But if there are other possible
sources of exposure to the chemical, drinking water standards may be set so that the intake just
from drinking water is lower than the reference dose. This is accomplished using a factor called
the relative source contribution factor. This factor, typically 0.2, is a well-established factor for
developing standards for drinking water. By using this factor, the department limits the exposure
from drinking water so that any other sources of exposure (for example, food, air, or soil) are
unlikely to cause the total exposure to be greater than the reference dose.

The selected reference dose, the intake rate, and the relative source contribution factor were used
to calculate the limit for drinking water. The resulting water value for PFOA was 0.5 ug/L and
the value for PFOS was 0.3 ug/L. These values were calculated as described in memoranda dated
February 26, 2007 (Appendices A and B) and called Health Based Values. 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 more recently to calculate a PFOS fish
tissue concentration for eating fish.

Since developing the February 2007 values, the department has continued to closely track the
status of toxicity studies that the department knows are in progress. At this time, no data have
been received that alter the risk assessment that was completed in February. However, the
department will closely monitor the ongoing studies and evaluations conducted by federal
agencies and states to determine if additional studies would result in a different reference dose
and new Health Risk Limit. The department is currently receiving monthly status reports from
3M (Appendix C) and contacting the US Environmental Protection Agency (EPA) on a regular
basis to receive updates on studies that staff are tracking.

The information above on health risks from exposure to these chemicals and the calculation of
the water levels associated with no health risks was used to propose rules for PFOA and PFOS.
This work is carried out by toxicologists in the department with many years of experience in
laboratory research and risk assessment, and reviewed by supervisors and managers with many
years of experience in toxicology, risk assessment, and public health.

Promulgation of Health Risk Limits for Perfluorochemicals

In 1993 and 1994, health protective water values for 120 chemicals were promulgated as
permanent rules called Health Risk Limits or HRLs. A HRL value, by definition, is a
concentration of contaminant in water that has no appreciable affect on health. Since 1994, the
department has met the need for new or updated water values by calculating Health Based
Values. These calculations use current scientific data and current risk assessment procedures.
Health Based Values are not rules but are offered as advice to agencies in the form of a memo.

Page 5



The department intends to promulgate new Health Risk Limits for multiple chemicals in the next
year based on the new procedures that were used to calculate the Health Based Values for PFOS
and PFOA.

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 (clause 1, “the rules
address a serious and immediate threat to public health, safety, or welfare). The 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 briefed 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 (e.g., no statement of need and reasonableness), the HRL
values are underprotective, alternative studies should be used as the basis of the 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 approved the rules for adoption on August 17. 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 D).

The HRLS for PFOA and PFOS have now been adopted and 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 E).

These are temporary rules that can only be in place for two years. The department intends to
include PFOA and PFOS in a revision of the entire HRL rule that is currently underway. A
notice soliciting comment on the possible revision of the HRL rule was published in the State
Register on September 10, 2007. Other necessary steps (drafting the rules and Statement of Need
and Reasonableness and notifications) are in progress.

Multiple public meetings to inform the public about the department’s draft of a rules revision

have been held. The most recent public meeting held on September 13, 2007, focused on the
draft rules and SONAR released September 10, 2007. Information about meetings is published
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on the rules revision web site,
http://www.health.state.mn.us/divs/eh/groundwater/hrlgw/index.html. 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.

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

The department has assembled literature for other PFCs based on literature reviews and contacts
with the EPA and 3M. Staff have 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 are currently acquiring additional data, final versions of
data, and 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 Health Based Values were established) and used for any other PFC that had an 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
and 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, and one 28-
day study in male and female rats. Preliminary results from a developmental study (dosing
during gestation) in female mice have also been reviewed. The department has received verbal
reports from 3M on the likely results of a 90-day study in rats. The department has recently
received short summaries (from poster presentations at scientific meetings) on the comparative
pharmacokinetics (half-life information) of PFBA in rats, mice, and monkeys. A report regarding
half-life in humans (workers) was submitted to the department in August 2007 and updates to
that information are expected.

Of these studies, the study that appears most useful for risk assessment is the 28-day study in rats
in which changes in serum cholesterol and thyroid hormone levels were found at low doses. The
study has not been published, but the department received the study report (the study was
conducted by an independent laboratory under contract with 3M). The department intends to use
this information to develop a Health Based Value in the near future. 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.
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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 no
more toxic than PFOA or PFOS. The department has listed known studies in Appendix E. There
are no plans at the present time to develop Health Based Values for other PFCs.

I11. 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.

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 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=04 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 Hazard 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.

To date, the department has included PFBA in the approach of adding hazard quotients for PFCs
found in a water sample. Although the department has not finalized a Health Based Value for
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PFBA, the department is using 1 ug/L as a decision point for recommending reduced exposure.
Since the health endpoints (potential harm to the liver) on which this guidance is based is shared
with PFOA and PFOS, the department has considered the hazard index to be exceeded if PFBA
levels exceed 1 ug/L and PFOA and/or PFOS are present at measurable levels.

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 G).

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
the no effect serum level of 1,800 ug/L in rats to a lower serum level (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
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and calculations that were used are at
http://www.state.nj.us/dep/watersupply/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://h20.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. According to the
authors, the Public Health Goal (PHG) is subject to change following the completion of a North
Carolina Science Advisory Board review of the toxicology.

The PHG calculation was based on a reference dose calculated by researchers at CIIT Centers for
Health Research in Research Triangle Park, NC; 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 department. The
CIIT researchers, however, chose to use serum level rather than the administered dose as a
starting point. Uncertainty factors (totaling 30) were used to reduce the serum level from the
study to a “safe” serum level for humans. The CIIT researchers used a pharmacokinetic model
developed in monkeys but scaled to humans to estimate that an oral dose (in ug/kg-d) is about
0.1 times the serum level (in ug/mL). The resulting reference dose was approximately

0.00009 mg/kg-d (Appendix H).

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 a pharmacokinetic model based on an acute study with female rats that have a half-life that
is shorter than the dosing interval used in the study. This model was applied to a chronic rat
feeding study to estimate a PFOA serum level that caused chronic health effects. The department
is concerned that the model may not be adequate for estimating serum levels from 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-lives, such as monkeys.
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). In contrast, 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 of uncertainty and 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
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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 concern. The department made the
determination that the critical effects at low doses in all of the PFOA studies were similar 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, but there remains considerable uncertainty about 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
of time individuals had been drinking the water; 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 2006a).

During scientific meetings and in conversations with EPA the department has heard that serum
levels represent the best measure of body burden and are a better choice than administered dose
for PFC risk assessments. The department is seriously interested in using serum level data in an
approach similar to that used by North Carolina. The department has recently discussed
additional research that would be necessary in order to use the serum levels in combination with
water intake rates throughout life. One area of research is to better describe the mathematical
relationship between oral exposure and serum level under different exposure scenarios (for
example, a child’s higher water intake). The department would like to use mathematical models
that take into account the longer retention of PFOA in humans. The department is currently
discussing this approach with potential research partners who can conduct pharmacokinetic and
exposure modeling.
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Memo -

Date: February 26, 2007 '
To: John Stine, Environmental Health Division Director W \b/'\/
Muid
Via: Larry Gust, Environemental Surveillance and Assessment Sectlon Manager Wp(
Pamela Shubat, Health Risk Assessment Unit Superwsor?ﬁ W

From: Helen Goeden, Health Risk Assessment Unit Stj/iﬂ/ & , ):}W»J

Subject: Health Based Values for Perfluorooctanoic acid (PFOA)

In 2002 the Minnesota Department of Health (MDH) developed a HBV of 7 ppb for PFOA. Since 2002
additional toxicity data, toxicokinetic data, and reviews of preexisting data have been produced. Aftera -
careful review of this information the Health Risk Assessment Unit staff recommends that the HBV for

PFOA be lowered to 0.5 ug/L (ppb).

The following information was utilized in generating the revised HBV:

Chemical CAS# Endpoint RfD (mg/ke-d) HBV (ug/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
- shiotld be tged i invplementing this HBV. MDH will revisw this HBV-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 whete 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.

cc: Larry Gust, MDH Cathy Villas-Hormns, MDA
Pam Shubat, MDH Shelley Burman, MPCA
Rita Messing, MDH Paul Hoff, MPCA

DougWetzstein, MPCA

Environmental Health Division * 625 N. Robert St., P.O. Box 64975, St. Paul, MN, 55164-0975 o (651) 201-4899
http://www . health.state.mn.us
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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)
2395-00-8 (potassium salt)

335-95-5 (sodium salt)

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

= (toxicity value, mg/ke/d) x (relative source contribution) x (1000 ug/mg)

(intake rate, L/kg-d)

= (0.00014 me/ke/d) x (0.2) x (1000 ug/me)

Toxicity value:
Source 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)*:

(0.053 L/kg/day)

= 0.5 ug/L.

0.00014 mg/kg-d (Cynomolgus monkeys)
MDH 2007 (RfD derived by MDH)

- LOAEL, 3 mg/kg-d

70 (to adjust for half-life duration of 3.8 years in humans versus 20
days in male Cynomolgus monkeys)

300

3 interspecies toxicodynamic differences, 10 intraspecies variability;
and 10 LOAEL-to-NOAEL (for lack of a no effect dose in the critical
study)

Increased relative liver weight

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

Hepatic (liver) system, hematopoietic (blood) system, developmental,
immune system

Decreased postnatal survival, increase in the incidence of fuil lmer
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 focated at: hitp://www.health.state. mn. us/divs/eh/groundwater/hrlgw/glossary.htmt
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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 mcorporatlon of a 70-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 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
equivalent 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-term exposure scenario incorporated
accumulation over time and utilized a time-weighted intake rate 0.053 L/kg-d. The short-term exposure

Scenario did ot iicorporate accumulation over fitng bt did 1itilize & young mnfant ftake rate of 0.2217

L/kg-d. The resulting potential HBVs for both scenarios were higher than the HBV based on the selected
critical study in monkeys.
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Summary of toxicity testing for health effects identified in the Health Standards Statute:

Endocrine Immunotoxicity | Development | Reproductive | Neurotoxicity
Tested? Sec, Yes Yes Yes Yes
Observations’
Effects? Yes Yes® Yes® Unclear* Yes’

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 oceur at higher doses.

Comments on extent of testing or effects:

"Hormonal perturbations (e.g., decreased thyroxine (T4) and triiodothyronine (T3) levels) have been
observed in laboratery animals at dose levels approximately 3-fold higher than the LOAEL and have
been identified as secondary effects.

? 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 full-litter resorption and
alteratlons in mammary gland development have been identified as a secondary effects.

Hypoactxve response to nicotine has been observed in neonatal mice and has been included in the list of
co-critical effects. A dose-related 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 critical study LOAEL have been
observed and are identified as a secondary effect. The SAB has recommended additional neurologicat

testing.
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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
227:156-164.

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

ACGIH Documentation of TL.Vs 2001. Ammonium Perfluorooctanoate.

Butenhoff, et al., 2002. Toxicity of Ammonium Perfluerooctanoate 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 Perﬂuorooctanoéte (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 editorl. Reg Tox and Pham 42:146-147.

CATT 2002. West Vitginia Department of Environmental Protection (DEP). August 2002. Final
Ammonium Perfluorooctanoate (C8) Assessment of Toxicity Team (CATT) Report.

Clewell HI, 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 IC, 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 sertm
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.

Fenton SE, C Lau, EP Hines, JR Thibodeaux, and SS White. Long-term heaith effects of PFOA after
prenatal and lactational exposure in mice. The Toxicologist (submitted for the 2007 Annual SOT

meeting).
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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 Perfluorooctanoic Acid (November
2006).

Germah Ministry of Health Drinking Water Commission. Provisional evaluation of PFT in drinking
water with the guide substances perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) as
- examples. July 13,2006. http://www.umweltbundesamt. de/uba-info-presse-e/hintergrund/pft-in-drinking-

water.pdf

Guruge et al, 2006, Gene Expression Profiles in Rat Liver Treated With Perfluorooctanoic 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. '

Hinderliter, PM, E Mylchreest, SA Gannon, JL Butenhoff, GL Kennedy Jr. 2005. Perfluorooctanoate:
Placental and lactational transport pharmacokinetics in rats. Toxicology 211: 139-148.

Hinderliter et al ., 2006. Age effect on perfluorooctanoate (PFOA) plasma concentration in post-weaning
rats following oral gavage with ammonium perfluorooctanoate (APFO) Toxicology 225:195-203.

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

Karrman A, I Ericson, B van Bavel, PO Damnerud, 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.

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 IM Rogers.‘2004. The developmental toxicity of perfluoroalkyl acids and their
derivatives. Tox Appl Pharm 198:231-241.
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Lau, et al. 2005, Pharmacokinetic evaluation of perfluorooctanoic acid in the mouse. Toxicologist (Abstract
#1232)

Lau et al, 2006. Effects of perfluorooctanoic acid exposure during pregnancy in the mouse. Toxicological
Sciences 903(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 # 253).

New Jersey Department of Environmental Protection. 2006 Draft preliminary Health-based Guidance for
PFOA in Drinking Water at Pennsgrove Water Supply Company.

Ohmori K, N Kudo, K Katayama, Y Kawashima. 2003. Comparison of the toxicokinetics between
perfluorocarboxylic 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 Donors. 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 (t1/2) of elimination of perfluorooctanesuifonate (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 PPARc 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 (o, f/3, v) by Perfluorcoctanoic Acid and Perfluorooctane SulfonateToxicological Sciences 95(1),
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.
htip//www.ewg.org/reports/pieworld/pdf/EWG CDC.pdf
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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/waterscience/drinking/percapita )

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.

htip:/fwww .epa.gov/oppt/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://www.epa.gov/sab/pdf/sab_06_006.pdf

U.S. Environmental Protection Agency. Nov. 17, 2006. Memorandum to Walker Smith from
Christopher Weis: Hazard Evaluations and 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/enforcement/dupont_order.pdf

White SS, AM Calafat, Z Kuklenyik, LT Willanueva, RD Zehr, L Helfant, MY 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 ‘Thibodeaux, KP Das, §3
White, CS Lau, and BD Abbott. 2007. Developmental Toxicity of perfluorooctanoic acid (PFOA) in the

CD-1 Mouse after Cross Foster and Restricted Gestational Exposures. Toxicological Science 95(2),
460473, - . : g : :
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Memo

Date: February 26, 2007
To: John Stine, Environmental Health Division Director M\\/\({»\’
K
Via: Larry Gust, Environemental Surveillance and Assessment Se cfion Manager ,“ﬁ/ ey
Pamela Shubat, Health Risk Assessment Unit Supervzsor W,LJ wz

From: Helen Goeden, Health Risk Assessment Unit staff ,; ,J
‘ o Mauls

s

Subjeet: Health Based Values for Perfluorooctane Sulfonate (PFOS)

In 2002 the Minnesota Department of Health (MDH) 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 RiD (mg/ke-d) HBYV (ug/L) _Source
PFOS 1763-23-1 hepatic (liver) system 0.000075 0.3 MDH 2007
and thyroid

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 Ievel 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. MDH will review this HBV 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.

cc: Larry Gust, MDH
Pam Shubat, MDH
Rita Messing, MDH
Cathy Villas-Horns, MDA
Shelley Burman, MPCA
Paul Hoff, MPCA
Doug Wetzstein, MPCA

Environmesntal Health Division o 625 N. Robert St., P.O. Box 64975, St. Paul, MN, 55164-0975 ¢ (651) 201-4899
http:/fwww.health.state.mn.us
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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)

2793-39-3 (potassium salt)

29457-72-5 (lithium salt)

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

= (toxicity value, mg/ke/d) x (relative source contribution) x (1000 ug/mg)
(intake rate, I/’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: 0.000075 mg/kg-d (Cynomolgus monkeys)
Source of toxicity value: MDH 2007 (RfD derived by MDH)
Point of Departure: minimal LOAEL, 0.15 mg/kg-d

Dose Metric Adjustment: 20 (to adjust for half-life duration of 5.4 years in humans versus 110 -
132 days in Cynomolgus monkeys)

Total uncertainty factor: 100

UF allocation: 3 interspecies toxicodynamic differences, 10 intraspecies variability;
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)

Critical effect(s)*: Decreased HDL and T3

Co-critical effect(s)*: None

Additivity endpoint(s): Hepatic (liver) system, Thyroid (E)

Secondary effect(s)*: Developmental (decreased body weight/weight gain, decreased total
T4), decreased gestation length, immune system alterations

® for explanation of terms see Glossary located at:

http://www.health state. mn.us/divs/eh/groundwater/hrlgw/glossary.htm1

Cancer Health Risk Limit (HRL) = N/A

Volatile: No
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Summary of changes 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 around 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 vears (5 x human half-life of 3.4 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 and 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
HBYV based on the selected eritical study in monkeys.

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

Endocrine Immunotoxicity | Development Reproductive Neurotoxicity
Tested? Sec. Yes Yes Yes Yes
Observations'
Effects? Yes Yes? Yes® Yes* Yes®

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:

! 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.

? 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
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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.

* Lower body weight in offspring, 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 than the LOAFEL
additional developmental effects (decreased pup viability, developmental delays) are observed.

* A male reproductive study reported decreases in sperm count and increases in sperm deformities at
levels 10-fold higher than the critical study LOAEL.

* Hypoactive responses to nicotine has been observed in neonatal mice acutely exposed to levels 75-fold
higher than 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) doi:10.1016/j.t0x.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] Wei Sheng Yan Jiu. Jan;34(1):37-9. (accessed at:
http://www.ncbi.nlm.nih.gov/entrez/query.fegi?emd=Retrieve&db=pubmed&dopt=Abstract&list 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 Perfluorooctane 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) and perfluorooctane sulfonate (PFOS)

as examples. July 13,2006. http://www.umweltbundesamt.de/uba-info-presse-e/hintergrund/pft-in-
drinking-water.pdf
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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
Part C 135:77-88.

Hu Wen vue, 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 Mehlman, I 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 of perfluoroalkyl 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. Butenhoff. 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
(PFORS) 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, [ 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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Maras, M et al., 2006. Estrogen-like properties of fluorotelomer alcohols as revealed by MCF-7 breast
cancer cell proliferation. Env Hith Perspec 114(1):100-105.

Olsen et al, 2005 Evaluation of the half-life (t1/2) of elimination of perfluorooctanesulfonate (PFOS),
perfluorohexanesulfonate (PFHS) and perfluorooctanoate (PFOA) from human serum. FLUOROS:
International Symposium on Fluorinated Alky Organics in the Environment, TOX017)

Organization for Economic Co-operation and Development (OECD) Nov. 21, 2002. Hazard Assessment
of Perfluorooctane Sulfonate (PFOS) and Its Salts.
http://www.oeed.org/document/58/0,2340,en_2649 37465 2384378 1 1 1 37465,00.html#3
(Accessed Nov. 2002)

Peden-Adams, et al., Oral Exposure to PFOS for 28 Days Suppresses Immunological Function in
B6C3F1 Mice. The Toxicologist Abstract #5373, 2006.

Seacat et al., Subchronic Toxicity Studies on Perfluorooctanesulfonate Potassium Salt in Cynomolgus
Monkeys. Tox Sci 68:249-264, 2002

Takacs ML and BD Abbot. 2007. Activation of Mouse and Human Peroxisome Proliferator—Activated
Receptors (a, B/6, v) by Perfluorooctanoic Acid and Perfluorooctane SulfonateToxicological Sciences
95(1), 108-117.

Tanaka et al., 2005. Thyroid hormone status in adult rats given oral doses of perfluorooctanesulfonate.
FLUOROS: International Symposium on Fluorinated Alky Organics in the Environment, TOX018)

Tanaka, S, et al. 2006 Effects of Perfluorooctanesulfonate on 1251 Elimination in Rats after a Single
Intravenous Dose of 1251-Labeled Thyroxine. The Toxicologist Abstract #573

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://www.ewg.org/reports/pfeworld/pdf/EWG _CDC.pdf

Thibodeaux, et al., Exposure to Perfluorooctane Sulfonate during Pregnancy in Rat and Mouse. L
Maternal and Prenatal Evaluations. Tox Sci 74: 369-381, 2003.

Thomford, P. 2002 Final Report: 104 Week Dietary Chronic Toxicity and Carcinogenicity Study with
Perfluorooctane Sulfonic Acid Potassium Salt (PFOS: T-6293) in Rats. (Abstract only).

3M 2002. Personal communication from Dr. John Butenhoff. Nov 25, 2002. Benchmark doses from the
6-month oral dosing study in monkeys developed by Dr. Gaylor.

3M 2003. Environmental and Health Assessment of Perfluorooctane Sulfonic Acid and Its Salts.

UK Environmental Agency 2004. Environmental Risk Evaluation Report: Perfluorooctanesulphonate
(PFOS).
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U.S. EPA 2003. Toxicological Review of Perfluorooctane Sulfonate (PFOS) In Support of Summary
Information on the Integrated Risk Information System (IRIS). September 2003. External Peer Review
Draft.
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STATE OF MINNESOTA

OFFICE OF ADMINISTRATIVE HEARINGS
100 Washington Square, Suite 1700
100 Washington Avenue South
‘Minneapolis, Minnesota 55401-2138

TELEPHONE: (612) 341-7600
TTY: (612) 341-7346

August 17, 2007

Pamela Shubat

Minnesota Department of Health
Freeman Building 3C

P.0. Box 64975

St. Paul, MN 55164-0975

RE: 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 4717.7650.

OAH Docket No. 70-0900-19137-1. 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.

If 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 & Administrative Services Workers’' Compensation Hearings Division Workers’ Gompensation Seftlement Division
Fagcsimile: (612) 349-2665 Facsimile: (612) 349-2691 Facsimile: (612) 349-2634
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OAH Docket No. 7G-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 ORDER ON REVIEW
to Health Risk Limits for OF RULES UNDER
Perfluorochemicals, Minn. R. parts MINN. STAT. § 14.386

4717.7200, 4717.7500, and 4717.7650.

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 legality 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 4717.7650 are APPROVED.

Dated: August 17, 2007 /Lk

ERIC L. LIPMAN
Administrative Law Judge
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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. in 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 perfiucrooctanoic
acid, and perfluorooctane sulfonate. The commissioner shall develop and
adopt the health risk limits according to Minnesota Statutes, section
1440751, 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.?

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 suifonate (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 public 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.” 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.*

Second, section 14.388 provides that the agency must satisfy the
requirements of Minn. Stat. § 14.386(a)(1)-(4) in order to adopt a ruie. 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.
2 .
3 See, Minn. Stat. § 14.388 (1)(1) (2007).

* Compare, e.g., In the Matter of the Adoption of Rules Governing Voter Registration, Minnesota
Rules, Chapters 8200 and 8210, OAH Docket No. 70-3500-16046-1 (2004)
(http:/fwww .oah.state mn.us/aliBase/350016046.or.bim).
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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, persen 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 fo 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,” in this instance the enabling legislation reintroduces some
inquiry into the reasonableness of the Depariment'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 144.0751,”
and so as fo “ensure that the health risk limits are based on currently available
toxicity and exposure data.”® Minn. Stat. § 144.0751 further provides that:

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

5 Compare, Minn. R. 1400.2400 (3) (2005) with Minn. R. 1400.2100 (B) (2005).
 See, 2007 Laws of Minnesota, Chapter 37, Section 1.
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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 fo 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.”

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,”® 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,

7 See, Minn. Stat. § 14.388 (1)(1) (2007).
8 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 used to complete the following
calculation:

(Reference dose) (Weight of the subject)
Health Risk Limits (Relative source contribution) (1,000)
(in micrograms per liter) =

(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. |t is defined as meaning in a “reasonable
manner’, “consistently with reason”, “fairly”, “in moderate degree”,
“mea§grably”, “moderately”, “tolerably”, “not extravagantly, excessively, or
fully.”

9 Compare, Minn. R. 4717.7100 through 4717.7800 (2007) and Minn, Stat, § 103H.005 3)
(2008) with 3M’s Exhibits 2 and 3 (February 26, 2007 Memoranda of Helen Goeden).

" See, In the Matter of the Application of Northern States Power Company for Reissuance of the
Air Emission Permit for the Allen S. King Generating Plant, OAH Docket No. 2-2200-7921-2
(1993) (citing 75 C.J.S. 635 and 75 C.J.S. 638 omitted)

(nttp:/fwww.oah.state. mn.us/aliBase/22007921.93 htm).
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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;” (2)
include a reasonable margin of safety to protect the health of infants, children
and adults from specified health outcomes; 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,” “relative source
confribution™® or “intake values,™® their best remedy is fo 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 fo 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 fo legality.

With the approval of the adopted rules, our office has closed its file and
will return the rute record to the Minnesota Department of Heaith. 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.

13 gee, Attachment to 3M's Ex. 2 at 1 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.

*® gee, Comments of MCEA at 2; Comments of 3M at 11 and 12
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PFOA and PFOS Health Risk Limits Rules
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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] ADMINIS’I’RATIVE HEARINGS

vqust 17, 2007

DATE /Z/t/‘ % -

ADMINISTRATIVE LAW JUDGE.

The attached rules are approved as to form

Sandra Glass-Sirany
Senior Assistant Revisor

0% 000

Appendix E- Page 2




W N

O e NI oy G

10
11

12
13
14
15

16

17

18

19

20
21
22
23
24
25
26
27

28
29

30
31

07/31/07 [REVISOR] SGS/JC RD3722

Department of Health

Adopted Exempt Temporary Rules Relating to Health Risk Limits for
Perfluorochemicals

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),

perfluorcoctane sulfonate (PFOS), perfluorooctanoic acid (PFOA), or possible human

carcinogens. The equation for determining the health rigk limit for a systemic toxicant
other than nitrate (as nitrogen), perfluorooctane sulfonate (PFOS), perfluorooctanoic
acid (PFOA), or a possible human carcinogen is:

HRL = (RID)Z0)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 CASRN RSC
(1) antimony 7440-36-0 04
(2) barium 7440-39-3 0.8
(3) cadmium 7440-43-9 0.25
(4) chromium ITI 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 conceniration 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 in liters per
day.
4717.7200 Approved by Revisor
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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 = (RIDYRSC)(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 vears 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 perfluorooctancic acid (PFOA) is:

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

(0.053)
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 upper-end consumer (95th percentile of water

intake) over the first 19 years of life; a period of time 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 1 to 70, see M.R.]

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

1763-23-1 0.000075 - 0.3
4717.7500
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Subp. 70b. 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. Perfluorcoctane sulfonate (PFOS). Perfluorooctane sulfonate (PFOS),

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

Subp. 57b, Perfluorooctanoic acid (PFOA). Perfluorcoctanoic 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 C4F9S0O3
PFHxS - Perfluorohexane sulfonate, C6F13S03
PFPeA - Perfluoropentanoic acid, CSHF902
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 - 2 generation reproductive/developmental study in rats; 90 day oral study in rats; and
genotoxicity data.

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

PFPeA - 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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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-e/hintergrund/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]
June 20, 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

SUBIJECT: 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
NCPHGEs 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. 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
3. US EPA Region 9 Preliminary Remediation Goals
http://www.epa.gov/region09/waste/sfund/prg/files/O4prgtable.pdf
4. US EPA Region 3 Risk-Based Concentration Table
http://www.epa.gov/reg3hwmd/risk/human/rbc/RBCapr07.pdf
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 excess cancer
risk (CREG)
7. California EPA Public Health Goals (PHGs) http://www.oehha.ca.gov/water/phg/allphgs.html
National Primary Drinking Water Regulations http://www.epa.gov/safewater/mcl.html
9. Other health risk assessment data published by US EPA and states

b

*
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[Table entry for PFOA in the North Carolina Public Health Goals (NCPHGSs) June 20,

2007 memo]

Perfluorooctanoic acid (PFOA)

NCPHG 0.00063 mg/L (subject to change following the
completion of the NC SAB toxicological review)
(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, safety factors 3
for animal to human and 10 for human variability,
pharmacokinetic modeling data that administered dose is
0.12 times serum 10% lower bound effect level which is
90 ng/kg-day or 0.00009 mg/kg-day; 0.20 relative source
contribution; due to half life differences between rats of
2.8 t0 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.

Odor threshold level not available

Taste threshold level not available

IMAC 0.002 mg/L (0.0003 mg/kg-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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