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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
1.
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, firefighting 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; C8F15O2H), and perfluorobutanoic acid
(PFBA; C4F7O2H). 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.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 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 (“halflife”). 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
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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 (mg/kg-d) but serum (ug/L) and tissue levels
(ug/g) at which responses are observed. As a result, over the past year more serum level
information is now available for evaluation.
The use 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 mg/kg-day) had increased liver weights, which
appeared to be reversible when dosing stopped. At higher doses the animals showed other effects
(indicating liver damage and changes in thyroid) and some animals died. Studies in rats showed
that doses comparable to the dose given to the monkeys had similar effects on the livers of the
rats and also showed that additional health effects may be a concern (slowed development of rat
fetuses, reduced number of adult red blood cells, and changes to the adult immune system).
In February of 2007, the department calculated a human equivalent dose of 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 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.
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 mg/kg-d was estimated based on the update,
distribution within the body, and elimination of PFOA by humans (simple first order kinetics).
Adjustments were also made for human variability (10-fold factor) and uncertainty (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/kgday (this is the same as 77 ng/kg-d). This value is almost identical to a value of 86 ng/kg-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 ng/kg-d, to the state of
North Carolina. The department has not been able to duplicate the calculation performed by the
consultant and cannot evaluate whether the model used by the consultant is preferable to the
model used by the department.
In contrast 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 highdensity 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 mg/kg-d was divided by 100. The result was a reference
dose for PFOS of 0.000075 mg/kg-day.
In December of 2007, the department updated the risk assessment for PFOS by calculating a
human equivalent of the dose in the monkey study using measures of the level of PFOS in the
serum of blood. A liver weight and cholesterol effect level of minimal concern, the benchmark
dose, was estimated to occur at a level of 35 ug/mL PFOS in serum. A human equivalent dose of
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0.0025 mg/kg-d was calculated based on the update and elimination of 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/kgday.
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 L/kg-d and intake over the first 27 years of life is 0.049 L/kg-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/groundwater/hrlgw/table4_4.pdf).
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Accounting for multiple pathways of exposure
The reference dose represents a safe daily dose of a chemical and is the basis of the calculation
for a drinking water value. Drinking water standards that are set by the federal government and
states take into consideration the possibility that there are other sources of exposure (for
example, food, air, or soil) to the chemical besides drinking water. Drinking water standards are
calculated so that the dose that would come just from drinking water is only a portion
(20 percent) of the reference dose. In other words, the drinking water standard is lower, by fivefold, than a value that could be calculated if drinking water was clearly the only source of
exposure to the contaminant. This 20 percent adjustment is a well-established factor called the
relative source contribution factor. The factor is not based on a careful estimate of all potential
exposures, rather it is a default assumption used because other sources of exposure are not well
characterized. The department has not investigated other exposures to PFCs. However, since
PFCs are found in the blood of the US population, and it is unlikely that the US population is
drinking contaminated tap water, the department is certain that there are other sources of
exposure in addition to the plume of ground water contamination in Washington County and has
retained the 20 percent relative source contribution factor.
Drinking water calculations
The reference dose, the drinking water intake rate, and the relative source contribution factor
were used to calculate drinking water concentrations of PFOA and PFOS. In February 2007,
these health-based values (HBVs), 0.5 ug/L for PFOA and 0.3 ug/L for PFOS, were described in
memoranda dated February 26, 2007 (Appendices A and B). The values were used for making
decisions on whether exposures needed to be reduced when PFOA or PFOS were measured in
drinking water. Similar steps were taken in 2007 to calculate a PFOS fish tissue concentration for
eating fish. These values were placed in rule in August 2007 (as described in the next section of
this report).
In December 2007, new draft values were calculated using the serum-level based reference
doses. The new draft reference doses, 0.000077 and 0.00008 mg/kg-d, for PFOA and PFOS,
respectively; the corresponding drinking water intake rates of 0.053 and 0.049 L/kg-d; and a
relative source contribution factor of 0.2; were used in the HRL equation (below).
HRL = (Reference dose) x (relative source contribution factor)
(water intake rate)
The values were converted to the appropriate units of ug/L. The result was that both PFOA and
PFOS had drinking water values of 0.3 ug/L.
These new calculations do not replace the current HRL rules for PFOA and PFOS of 0.5 and
0.3 ug/L, respectively. However, the calculations and results (Appendices C and D) are draft
HRL values for the HRL rules revision anticipated in 2008 (as described in the next section of
this report). The PFOS fish tissue concentrations used for department fish advisories was also
recalculated in December and will be used in future fish advisories.
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Promulgation of Health Risk Limits for Perfluorochemicals
The department met the need for PFC water values in 2007 by calculating HBVs. These
calculations used scientific data and risk assessment procedures available in February 2007.
HBVs are not rules but are offered as advice to agencies in the form of a memo.
Minnesota Session Laws 2007, Chapter 37, instructed the department to adopt by rule Health
Risk Limits for PFOS and PFOA according to Good Cause Exemption and specified the use of
clause 1: “the rules address a serious and immediate threat to public health, safety, or welfare”
(Minnesota Statutes, section 14.388, subdivision 1, clause 1, found at
http://ros.leg.mn/bin/getpub.php?type=s&num=14.388&year=2007). The session language was
signed into law on May 3, 2007 and the department was given a deadline of August 1, 2007 to
adopt the rules.
The department prepared all of the necessary paperwork to adopt rules through good cause
exemption. The rule language was drafted and sent to the office of the revisor on June 18. The
department executive office was 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 were 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, 2007. The
department received a report from the law judge concerning the comments that had been
submitted. In the report the judge said that the consideration that the department gave in
developing the HRL values was reasonable, and that the commentators did not show that the
department had been unreasonable (Appendix F).
The HRLS for PFOA and PFOS became effective August 27, 2007, when they were published in
the State Register (Volume 32, Number 9, page 373). The final version of the rule, received from
the revisor’s office on August 27, 2007, is attached (Appendix G).
The current rules for PFOA and PFOS (HRLs of 0.5 and 0.3 ug/L, respectively) are temporary
rules that can only be in place for two years. As described on pages 6 through 8 of this report and
in Appendices C and D, the department has drafted a new analysis of the data that updates the
basis of both HRL values and results in a new draft value of 0.3 ug/L for PFOA. The department
intends to include the updated analyses for PFOA and PFOS in a revision of the entire HRL rules
that is currently underway.
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A notice soliciting comment on the possible revision of the HRL rule was published in the State
Register on September 10, 2007 (although PFCs were not specifically mentioned). Other
necessary steps (drafting the rules, drafting the Statement of Need and Reasonableness, and
preparing notifications) are in progress. Individuals interested in following the rules revision
process are encouraged to subscribe to the HRL Rules Revision Gov Delivery service available
through the department web site
(http://www.health.state.mn.us/divs/eh/groundwater/hrlgw/index.html). Notice of
announcements, meetings, and new materials posted on the web site are sent out to subscribers
by email. The public is encouraged to comment on the posted draft HRLs, Rules and SONAR.
When comments are received they are posted at:
http://www.health.state.mn.us/divs/eh/groundwater/hrlgw/comment/index.html.
Multiple public meetings to inform the public about the department’s draft of a rules revision
have been held. A public meeting held on September 13, 2007, focused on the draft rules and
draft SONAR released September 10, 2007. A meeting on October 11, 2007, focused on four
examples of chemicals that would be included in the rules. Information about meetings is
published on the rules revision web site,
http://www.health.state.mn.us/divs/eh/groundwater/hrlgw/meetings.htm.
The draft HRLs for PFOA and PFOS were published to the department rules revision web site on
December 28, 2007. An announcement concerning the new values was distributed to the email
list of interested stakeholders on the same date. The department welcomes comments on the
PFOA and PFOS draft HRL from interested persons at any time. A formal comment period will
be part of the rule making procedures in 2008 following publication of the proposed rules in the
State Register.

II. The health effects and the need to develop health risk limits for perfluorobutanoic acid
and other perfluorochemicals
The department assembled literature for other PFCs based on literature reviews and contacts with
the EPA and 3M. Staff talked with toxicologists and risk assessors in other states to determine if
there may be additional studies and data to review. The data for perfluorobutanoic acid (PFBA)
are limited, but as of now the quality of the data appear adequate for developing a Health Based
Value. Staff scientists recently acquired additional data (such as serum level values for PFBA
studies) and are preparing the assessment that the department will use to establish a Health Based
Value.
The department’s advice for using drinking water supplies contaminated with PFBA has been
based on a guidance value of 1 ug/L. This value was used for PFOA prior to February 2007
(when the revised Health Based Values were established) and used for any other PFC that is a
carboxylic acid form. At the time that the PFOA Health Based Value was established, the
department was aware that animal studies showed that PFBA was less toxic than PFOA. The
department believed that the toxicity and half-life information meant that PFBA would be less
toxic to humans than PFOA. However, the information was inadequate to determine a guidance
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value specific for PFBA. The department continued to use the guidance value of 1 ug/L for
PFBA after the PFOA Health Based Value of 0.5 ug/L was established.
The PFBA animal toxicity studies that the department has reviewed were conducted by the EPA,
by an independent contract laboratory on behalf of 3M, and by other researchers. The studies
include four 5-day to 14-day studies in male rats and mice that assessed liver effects, a 28-day
study in male and female rats, a 90-day study in male and female rats, and a developmental study
(dosing during gestation) in female mice. The department reviewed short summaries (from
poster presentations at scientific meetings) on the comparative pharmacokinetics (half-life
information) of PFBA in rats, mice, and monkeys. The department has also received reports on
half-life in humans (workers) from 3M.
The department has made the process of acquiring PFBA data and reviewing the data for quality
and consistency a high priority. Assuring the toxicity data are reproducible (that is, accurate) is
beyond the capacity of the department, but this assurance is part of the current toxicity work of
the EPA and such assurance will continue as additional scientists replicate the toxicity work of
both 3M and the EPA. The department is discussing the PFBA data with EPA scientists, 3M
scientists, toxicologists in other states, and independent researchers in academia. Department
staff have attended scientific meetings at which PFC toxicology and risk assessment is discussed
and in this way the department learns who is conducting and interpreting PFC research. To date,
the department has no reason to doubt the accuracy of the PFBA toxicity data. The department is
currently asking academic and government researchers in Minnesota and other states specific
questions concerning how to interpret the scientific data. For example, the department has asked
researchers whether the specific thyroid hormone assays that 3M conducted can be used to
support 3M hypotheses concerning thyroid function. This constant monitoring of the science is
necessary in order to determine which studies and which health endpoints should be used as the
basis for risk assessments.
The PFBA studies that appear most useful for risk assessment are the 28- and 90-day studies in
rats. In these studies, changes in liver, serum cholesterol and thyroid hormone levels were found
at low doses. The department intends to use this information to develop a Health Based Value in
the next two months. Staff intend to base a PFBA health based calculation on toxicity data
specific to PFBA, half-life information for a human equivalent dose, and intake rates reflecting
the shorter half life of PFBA. New data on PFBA toxicity are expected in the future, and any
Health Based Value could change within the next few years. The department will consider all of
the available data in calculating a value and take into account the uncertainty around any lack of
data.
There are few studies on other PFCs, but staff conducted a cursory review of the available
studies to compare the toxicity of the PFCs. This initial review showed that other PFCs are likely
to be no more toxic than PFOA or PFOS. The department has listed known studies in
Appendix H. There are no plans at the present time to develop Health Based Values for other
PFCs.
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III. The health effects and the need to develop health risk limits for combinations of
perfluorochemicals
The legislature asked for information on the need to develop HRLs for mixtures of
perfluorochemicals. The preferred scientific approach is to base a risk assessment for a particular
exposure on the results of a toxicity study that perfectly duplicates the exposure. This means that
a study might be done with the exact mixture found in a well. This type of mixtures work has not
been done with perfluorochemicals and has rarely been done with other chemical mixtures. Even
when toxicity studies have been completed with mixtures, the results are difficult to apply to the
results of environmental sampling because the ratio of chemicals found in each water sample
may not be the same as the ratio of chemicals used in the toxicity study. Mixtures in the
environment can be very different across different geographic locations and may change over
time, so there might be an endless number of unique toxicity studies that would need to be
conducted to accurately assess a complex or changing mix of chemicals.
Since toxicity data on mixtures is rarely available, the department offers rules and advice on
developing a risk assessment when multiple chemicals are present. The department’s
recommendation is to consider the combined effects of chemicals when two or more chemicals
in a mixture affect the same tissue, organ, or organ system. The methods in the HRL rule for
considering risks from multiple chemicals did not change with the adoption of the PFC rules, and
these methods will continue to be recommended by the department for PFCs as well as other
chemicals. This guidance is well accepted nationally (US EPA 2000) and within the state as a
simple yet protective procedure. The department provides instructions in the current and draft
HRL rules on a Hazard Index approach to assess risks from exposures to multiple chemicals. The
department will continue to advise the use of a hazard index with HRL values to assess risks
when multiple PFCs are present. Only PFCs with HRL values or other risk-based guidance will
be included in the hazard index approach (PFBA is not included at this time because no riskbased guidance has been established by the department).
In order to consider the combined health risk of multiple chemicals, the department advises the
risk assessor to first compare the measured water concentration of each chemical to the
corresponding HRL value. The result is a “hazard quotient.” For example, a water concentration
of 1.2 ug/L water compared to the corresponding HRL of 3 ug/L results in a hazard quotient of
0.4 (see Table 1). A hazard quotient of 1 or less shows that the HRL has not been exceeded and
that the exposure is not harmful.
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Table 1. Examples of hazard quotient calculations for three chemicals found in a single water
sample.
Chemical
A
B
C

Amount detected
in water ug/L)
1.2
150
0.48

HRL
(ug/L)
3
500
0.6

Hazard Quotient*

Health Effects

1.2/3 = 0.4
150/500 = 0.3
0.48/0.6 = 0.8

Liver, Developmental Effects
Liver, Blood
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.
The department uses the hazard index approach to assess potential health risks when multiple
chemicals are present in a drinking water sample. As described above, a hazard index of greater
than one indicates that public health action to reduce exposure may be needed, and the
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department makes such recommendations to risk managers. For example, when the hazard index
has exceeded one, the department has sent letters to residents with PFC contaminated wells
alerting residents that the concentrations of PFCs present a health risk and that the water should
not be used for drinking and cooking. The letters also inform the well owner that Minnesota
Pollution Control Agency staff will be contacting the household about delivery of bottled water
or installation of a water filter.
The procedures described above are not the only approach for considering the potential risks
from the presence of multiple chemicals. Other approaches use the hazard index approach (that
is, adding the health quotients from two or more contaminants), but only when the mechanism of
action of two substances is the same. This alternative tends to result in a lower hazard index (that
is, less likely to exceed a hazard index of 1 and therefore less likely to be considered a risk of
concern) compared to the practice of the department. Other approaches may add the hazard
quotients of all substances present in the water sample, regardless of the health endpoint. This
alternative tends to be result in a higher hazard index (that is, more likely to exceed a hazard
index of 1 and more likely to be considered a risk of concern) than the approach used by the
department. Another approach for considering the co-occurrence of PFCs is to add the risks
using a toxic equivalency factor (Scialli et. al., 2007). Such methods are under investigation, but
are not likely to be useful for some time.
At this time, the department is not including PFBA in the approach of adding hazard quotients
for PFCs found in a water sample. The department has used 1 ug/L as a decision point for giving
guidance to homeowners on reducing exposure. This value was not based on a specific health
endpoint from a toxicity study. Once a health-based value for PFBA is derived, PFBA will be
included in the hazard index approach along with PFOS and PFOA.

IV. A comparison of health-based values for perfluorochemicals established in
Minnesota and the values established for those chemicals in other states including the state
of New Jersey.
Two states have developed health protection values for PFOA contamination of drinking water.
The states of New Jersey and North Carolina published values of 0.04 ug/L and 0.63 ug/L,
respectively, in 2007. The department is not aware of any other values developed by any other
states. The EPA derived an action value of 0.50 ug/L for PFOA as part of a Consent Order for
the DuPont Washington Works facility (http://www.epa.gov/opptintr/pfoa/index.htm). The
United Kingdom and Germany have also developed values for PFOA or PFOS that range from
0.1 to 5 ug/L and higher (Appendix I).
The New Jersey Water Value
The State of New Jersey based their preliminary risk assessment for PFOA on an analysis of the
serum level in animal studies and a factor to convert a human equivalent serum level to a water
level (Post, 2007). New Jersey used information from a 2005 EPA draft risk assessment of
PFOA (US EPA 2005) to determine a no effect level of PFOA in the serum of tested female rats
(1,800 ug/L serum). Default uncertainty and variability factors (totaling 100) were used to divide
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the no effect serum level in female rats to a serum level of 18 ug/L that would be unlikely to
harm humans. In comparison, a recent study at the US Centers for Disease Control and
Prevention (CDC) found that the level of PFOA in the general population does not reach this
concentration (Calafat et. al., 2007). Fifty percent of the more than 2,000 randomly selected
people in the CDC study had serum concentrations of 4.0 ug/L and 95 percent of those tested had
a serum level of 9.8 ug/L or less.
New Jersey next calculated a drinking water concentration that would result in an accumulation
of 18 ug/L PFOA in the serum. New Jersey scientists felt that the appropriate conversion or
mathematical relationship between serum and water was a factor of 100. The factor of 100 came
from a study of individuals who drank from a contaminated water supply in Little Hocking,
Ohio. The median serum concentration among the 371 subjects in the Little Hocking study was
354 ug/L and the average PFOA concentration in Little Hocking system distribution water was
3.55 ug/L (Emmett, et. al, 2006a; 2006b). A simple comparison between the two values is the
ratio of 354/3.55 or 100. The 100-fold factor does not distinguish between exposures from the
water supply and other exposures. However, New Jersey used a relative source contribution
factor of 0.2 in the same way that the department took into account other sources of exposure.
New Jersey used the factor of 100 to calculate drinking water values from seven animal toxicity
studies. The seven results were compared and the lowest water concentration, 0.04 ug/L, was
selected as the health-based drinking water guidance for the state. Details of the analysis of data
and calculations that were used are at
http://www.state.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://h2o.enr.state.nc.us/csu/documents/IMACBasisC8.pdf) and was based on a
reference dose from a rat study. The more recent calculation (the Public Health Goal of
0.63 ug/L) was calculated by the North Carolina Division of Public Health (Williams, L.C., and
Rudo, K., 2007) and was based on a reference dose from a monkey study. The Public Health
Goal (PHG) was reviewed by a state Science Advisory Board in February 2007
(http://www.ncair.org/toxics/risk/sab/proceed/121.pdf).
The PHG calculation was based on a reference dose recommended by researchers at CIIT
Centers for Health Research in Research Triangle Park, NC (now known as the Hamner
Institutes for Health Sciences); a relative source contribution factor of 0.2; an intake rate of
2 L/day; and a body weight of 70 kg. The reference dose calculated by researchers at CIIT was
based on the same monkey study and health effect selected by the Minnesota Department of
Health. The CIIT researchers used the benchmark dose based on serum level developed by 3M
(23 ug/ml). The CIIT researchers used a pharmacokinetic model developed in monkeys but
scaled to humans to estimate that an oral dose (in ug/kg-d) is about 0.12 times the serum level (in
ug/mL). Uncertainty factors (totaling 30) were used to reduce the human equivalent dose from
the calculation to a reference dose. The resulting reference dose was 0.00009 mg/kg-d
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(Appendix J). Although the details of the pharmacokinetic model are not published, North
Carolina described the calculation as equivalent to multiplying the target serum level (in this
case, 23 ug/ml) by a factor of 0.12, and dividing by the total uncertainty factor of 30. Prior to the
development of the North Carolina value, the CIIT researchers had developed a reference dose of
0.000086 mg/kg-d, which they presented at the 2006 annual meeting of the Society of Risk
Analysis.
Comparisons to the Minnesota Department of Health Value
A risk assessment is based on toxicity studies, and the selection of the appropriate toxicity study
and analysis is a fundamental decision for PFC risk assessments. The New Jersey assessment
used toxicity data from a chronic feeding study of rats. However, New Jersey relied upon serum
levels of concern estimated by EPA using a pharmacokinetic model based on an acute (one
single dose) study with female rats. In this short-term study, the half-life for the chemical in the
female rats was shorter than the dosing interval used in the study. The department is concerned
that the model may not be adequate for estimating serum levels in chronic studies. When serum
level data from toxicity studies are compared, the PFOA serum levels of concern tend to be more
consistent in studies of animals with longer half-lives, such as monkeys. The results of this
pharmacokinetic model were applied to a chronic rat feeding study to estimate a PFOA serum
level that caused chronic health effects. In addition, serum levels were not actually measured in
the rat study used by New Jersey (New Jersey scientists had to rely on modeled serum data for
rats).
The Minnesota Department of Health used the monkey study due to the half-life considerations,
the potential greater similarities between humans and monkeys, and because researchers
measured PFOA serum levels in the monkey study. The department believes that measured
serum levels in monkeys are more reliable than modeled data from female rats.
Another important consideration in risk assessment is the selection of uncertainty and variability
factors. Both the type 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
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 occurred at similar
human equivalent dose levels and took a minimal period of time to develop, and the department
did not use a subchronic-to-chronic uncertainty factor.
The approach of using serum levels as a basis for deriving references doses and HRLs is of great
interest and utility, but there may be many approaches to describing the relationship between the
oral dose in humans and the resulting human blood serum level of PFOA. New Jersey used a
very simplistic ratio of human serum and water concentration from the study by Emmett. The
Emmett study did not take into account additional sources of exposure besides water; the length
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of time individuals had been drinking the water; changes in water concentration; or the amount
of water each person drank. Emmett presented data that indicated the potential for wide variation
in the relationship between water concentration and serum level. For example, six people
drinking from a contaminated private well as the only source of residential drinking water
exhibited ratios ranging from 142 to 855 (Emmett 2006a).
During scientific meetings and in conversations with EPA the department learned that serum
levels represent the best measure of body burden and are a better choice than administered dose
for PFC risk assessments. The department used serum level data in an approach similar to that
used by North Carolina. The department developed a reference dose of 0.000077 that was very
similar to the value of 0.00009 mg/kg-d developed by North Carolina. The department has not
received detailed analysis from North Carolina to determine the difference in methods. However,
North Carolina depended on a relationship (exposures to PFOA, in ng/kg-day, can be estimated
as 0.12 times the plasma concentration in ng/mL) calculated by CIIT scientists based on a
pharmacokinetic model developed in monkeys but scaled to humans. The pharmacokinetic
model used by Minnesota resulted in a nearly identical relationship (exposures to PFOA in
ng/kg-day are approximately 0.1 times the plasma concentration in ng/mL). A presentation the
CIIT made to the North Carolina scientists suggests that elimination at high doses does not
follow a simple one-compartment model of elimination. However, given the slight difference in
the exposure to serum relationships derived by CIIT and MDH, it appears that at low doses the
simple one-compartment model used by MDH adequately approximates the relationship.
Each of the reference doses described above (from the department, CITT, or North Carolina)
yields the same HRL of 0.3 ug/L when used in the department’s HRL equation.
The other difference between the drinking water calculations made by North Carolina, New
Jersey, and Minnesota is the water intakes. Minnesota used a time-weighted average water intake
rate (0.053 L/kg-day) based on new exposure data analyzed by the EPA. The result is a higher
intake because the greater intake during childhood is included in the calculation. The other states
used the default drinking water intake for adults based on 2 L per day for 70 kg adults
(approximately 0.029 L/kg-day). This 2-fold difference between adult intake and a timeweighted average intake accounts for the difference between the department HRL calculation
and the North Carolina public health goal calculation.
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Web References in Text
Corrected drinking water intake table:
http://www.health.state.mn.us/divs/eh/groundwater/hrlgw/table4_4.pdf
Minnesota Statute for Good Cause Exemption:
http://ros.leg.mn/bin/getpub.php?type=s&num=14.388&year=2007
MDH rule revision web pages:
General information about the rules
http://www.health.state.mn.us/divs/eh/groundwater/hrlgw/index.html
Comments on rules received by the department
http://www.health.state.mn.us/divs/eh/groundwater/hrlgw/comment/index.html.
Information about public meetings
http://www.health.state.mn.us/divs/eh/groundwater/hrlgw/meetings.htm.
EPA action value for the DuPont Washington Works facility:
http://www.epa.gov/opptintr/pfoa/index.htm
New Jersey drinking water value:
http://www.state.nj.us/dep/watersupply/pfoa_dwguidance.pdf
North Carolina Division of Water quality interim drinking water value:
http://h2o.enr.state.nc.us/csu/documents/IMACBasisC8.pdf
North Carolina Science Advisory Board (NCSAB) On Toxic Air Pollutants
Proceedings of the February 22, 2007 Meeting
http://www.ncair.org/toxics/risk/sab/proceed/121.pdf
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Available Studies on PFCs
Chemical names:
PFBS - Perfluorobutane sulfonate C4F9SO3
PFHxS - Perfluorohexane sulfonate, C6F13SO3
PFPeA - Perfluoropentanoic acid, C5HF9O2
PFHxA - Perfluorohexanoic acid, C6HF11O2

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.
PFHxS - 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
1 (monitor levels)
2 (take action to reduce levels as soon as practicable)
3 (take action to reduce levels as soon as possible)

PFOS
(ug/L)
> 0.3
> 1.0
> 10.0

PFOA
(ug/L)
> 0.3
> 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
Health-based precautionary value
Strictly health-based for safe lifelong exposure
Precautionary action level for infants
Precautionary action level for adults

PFOA/PFOS composite (ug/L)
0.1
0.3
0.5
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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Appendix J-1

[Only the first page of the memo and the PFOA table entry of the memo are displayed]
December 11, 2007
TO:

Requesting Parties

FROM:

Dr. Luanne K. Williams, Toxicologist
Dr. Kenneth Rudo, Toxicologist
NC Occupational and Environmental Epidemiology Branch (NC OEEB)
NC Division of Public Health
NC Department of Health and Human Services

SUBJECT:

North Carolina Public Health Goals (NCPHGs)

The North Carolina Public Health Goals (NCPHGs) are North Carolina Division of Public Health healthbased drinking water levels. These levels are used by NC OEEB for evaluating the safety of private well
drinking water. The basis for each NCPHG is provided in the table that follows. New or updated
NCPHGs are also provided including the basis for the new NCPHGs. Questions regarding the calculation
of the NCPHGs can be directed to the two state toxicologists, Dr. Luanne K. Williams at 919-707-5912 or
Dr. Ken Rudo at 919-707-5911.
NCPHGs are not regulatory levels but provide guidance on the safety of North Carolina private wells.
When NC OEEB receives private well sampling results, these results will be compared to the healthbased NCPHGs to determine if the water is safe to drink. For new private wells, a “Guide for Interpreting
Private Well Water Lab Results” and “Information and Recommendations for Uses of Private Well
Water” will be provided to the health department responsible for collecting the private well samples.
When the NCPHG is less than the practical quantitation limit, the detection of that substance at or above
the practical quantitation limit, shall be considered an unsafe level.
The list of NCPHGs is subject to change and will be reviewed every year or sooner if new scientific and
toxicological data become available. When a NCPHG is revised, we will send an electronic file to those
that have requested to be placed on our list of individuals to receive the revised tables.
The following references shall be used in order of preference in establishing the NCPHGs.
1. US EPA Integrated Risk Information System Database http://www.epa.gov/iris/index.html
2. EPA latest Edition of the Drinking Water Standards and Health Advisories
www.epa.gov/waterscience/criteria/drinking/dwstandards.html (which references a 10 fold
adjustment factor in the development of the chronic oral reference dose to take into account
possible human carcinogenicity by oral and/or inhalation routes).
3. US EPA Region 9 Preliminary Remediation Goals
http://www.epa.gov/region09/waste/sfund/prg/files/04prgtable.pdf
4. US EPA Region 3 Risk-Based Concentration Table
http://www.epa.gov/reg3hwmd/risk/human/rbc/RBCapr07.pdf
5. US EPA 1997 Health Effects Assessment Summary Tables
6. Centers for Disease Control and Prevention ATSDR chronic oral minimum risk level
http://www.atsdr.cdc.gov/mrls.html and cancer risk evaluation guide for 1 x 10-6 excess cancer
risk (CREG)
7. California EPA Public Health Goals (PHGs) http://www.oehha.ca.gov/water/phg/allphgs.html
8. National Primary Drinking Water Regulations http://www.epa.gov/safewater/mcl.html
9. Other health risk assessment data published by US EPA and states
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Table entry for PFOA in the North Carolina Public Health Goals (NCPHGs) December 11,
2007 memo
NCPHG for Total PFOA and PFOS 0.00063 mg/L (reference dose 0.00009 mg/kg-day generated
by CIIT at RTP based on lower bound 10% benchmark plasma concentration response
for monkeys associated with increased liver weight at 23,000 ng/mL, pharmacokinetic
modeling data show equivalent human administered dose is 0.12 times serum 10% lower
bound effect level of 23,000 ng/mL (equal to 2,760 ng/kg-day), safety factors 3 for
animal to human and 10 for human variability corresponds to equivalent human
administered dose of 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 to 202 hours and humans
38,281 hours or 4.37 years (difference of as high as 13,671). Applying traditional safety
factors to an administered effect dose is not a scientifically valid approach for
determining a safe dose for humans because the corresponding serum level for humans at
a given administered dose would be significantly higher than for animals such as rodents.
Instead, EPA, EPA’s Scientific Advisory Board, CIIT, and NC DHHS recommend the
use of pharmacokinetic modeling to predict safe dose in humans based on serum effect
levels. Previous NCPHG was just for PFOA of 0.00063 mg/L.
Odor threshold level not available
Taste threshold level not available
IMAC 0.002 mg/L (0.0003 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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