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Health Risk Limits For Perfluorochemicals 

Executive Summary 

The Minnesota Legislature directed the Minnesota Department of Health to report on the 

department’s progress toward determining the health effects of perfluorochemicals and progress 

toward developing health risk limits for perfluorochemicals. 

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

PFCs have been found in the groundwater in areas of Washington and Dakota Counties, and in 
surface water and waste water effluent in other parts of the state. 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. HRLs are values that are 
proposed and adopted as rules by the state following a public rule making process. 

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

The department has based its December draft HRL values for the revision on the following: 
¯ 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. 
Doses of concern are based on the level of PFC in the blood (serum) of animals that is 
associated with health effects. 
The exposure value for water intake encompasses 95 percent of the United States 
population averaged from birth through the age at which the PFC level in blood remains 
stable. 
PFOA and PFOS each have a HRL value of 0.3 ug/L in drinking water. 

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

The toxicological data indicates that PFBA is less toxic than PFOA and PFOS, and 
unlikely to accumulate in the human body. 
The department intends to use the available toxicity information to develop guidance for 
PFBA. 
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The department will not include PFBA in the upcoming HRL rules revision, but guidance 
in the form of health-based values will be available. 

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

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

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

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

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

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

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

2. 

3. 

4. 

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

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

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

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

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

4 
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must be given (administered dose) to an animal to produce toxicity (for example, some measure 
of liver damage). But when dose is expressed as a serum level the relationship between the 
serum level and toxicity is much more consistent across studies and species. Using serum level 
as a measure of internal dose within the dose-response assessment results in a more consistent 
relationship between the measure of dose and the health effects observed. As the weight of 
evidence regarding the importance of serum levels has increased, scientists have called for 
researchers to report not only administered dose (mgikg-d) but serum (ug/L) and tissue levels 
(ug/g) at which responses are observed. As a result, over the past year more serum level 
information is now available for evaluation. 

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

PFC Risk Assessment 

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

HBVs and HRLs are water concentrations that are safe for people to drink. The department also 
develops guidance for fish tissue concentrations that are safe for people to eat. In order to 
calculate a drinking water value, the department divides the safe dose of chemical (the "reference 
dose," expressed as milligrams chemical per kilogram body weight per day) by a water intake 
rate (liters of water per kilogram body weight per day). There may be many other sources of 
exposure (for example, eating sport fish contaminated with PFOS or exposure through other 
foods). The water value is set low enough to account for the possibility of these other exposures. 
Each of the steps involved in calculating a water value is described below. 

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

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

PFOA Reference Dose 

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

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

In December of 2007, the department updated the risk assessment for PFOA by calculating a 
human equivalent of the dose in the monkey study using measures of the level of PFOA in the 
serum of blood. This new evaluation was a result of the department’ s interest in using serum 
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concentrations as an improvement to the PFC risk assessments. A liver effect level of minimal 
concern, called the benchmark dose, was estimated to occur at a level of 23 ug/mL PFOA in 
serum. A human equivalent dose of 0.0023 mgikg-d was estimated based on the update, 
distribution within the body, and elimination of PFOA by humans (simple first order kinetics). 
Adjustments were also made for human variability (10-fold factor) and uncertainty (3-fold 
factor) about differences between monkeys and humans in sensitivity to the chemical. The total 
adjustment was a factor of 30, which is less than the uncertainty factor used in February 2007, 
and indicates that the department believes that there is greater certainty about the dose associated 
with minimal toxicity using this method of estimating dose. The human equivalent dose of 
0.0023 mg/kg-d was divided by 30 for a resulting reference dose for PFOA of 0.000077 mg/kg- 
day (this is the same as 77 ngikg-d). This value is almost identical to a value of 86 ngikg-d 
developed by a consultant at CIIT Centers for Health Research and reported at a national 
meeting. The CIIT consultant recommended a slightly different value, 90 ngikg-d, to the state of 
North Carolina. The department has not been able to duplicate the calculation performed by the 
consultant and cannot evaluate whether the model used by the consultant is preferable to the 
model used by the department. 

In contrast to the February 2007 calculated reference dose of 0.00014, the reference dose 
calculated in December 2007 for PFOA (0.000077) is about 2-fold lower. While the older 
reference dose was based on less certainty about the dose of concern in monkeys compared 
humans, the newer reference dose shows that the cruder estimate was remarkably close to the 
improved calculation. The department found that in the case of PFOA, the 70-fold adjustment for 
the difference in monkey and human half-life and the various uncertainty factors, which were 
both used in the older calculation, were warranted and produced a value that was very close to 
the new value developed with more data and certainty. 

PFOS Reference Dose 

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

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

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

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

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

Drinking water intake data 

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

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

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

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

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

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

(http://www.health.state.mn.us/divs/eh/groundwaterihrlgw/table4 4.pdf). 
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