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EXECUTIVE SUMMARY 

In 2007 the Minnesota Legislature enacted legislation directing the Minnesota Department of 

Health (MDH) to complete a series of biomonitoring pilot projects. These projects were directed 

and implemented to provide MDH with the experience and knowledge to create a state 

biomonitoring program by building both laboratory and epidemiological capacities . One of these 

projects was to investigate the range and distribution of perfluorinated chemicals (PFCs) in 100 

individuals from each of two communities likely to have been exposed . 

Perfluorochemical contamination of private and municipal drinking water wells in Washington 

County, east of the Minneapolis-St . Paul metropolitan area (also referred to as "East Metro"), 

was first discovered in 2004 during an assessment of ground water contamination from nearby 

waste disposal facilities by the Minnesota Pollution Control Agency (MPCA) and MDH1 . 

Drinking water supplies were analyzed for seven types of PFCs contaminants including but not 

limited to perfluorooctanoic acid (PFOA), perfluorooctane sulfonate (PFOS), and 

perfluorobutanoic acid (PFBA) . 

MDH selected two Washington County East Metro communities, Oakdale Municipal Water 

Supply recipients and private well owners in Lake Elmo and Cottage Grove with known 

contamination, to conduct the East Metro PFC Biomonitoring Pilot Project . MDH defined 

these communities by drinking water source as follows : 

1 . People currently living in households in Lake Elmo and Cottage Grove with a private 

well with PFOA and/or PFOS contamination above trace levels (>0.01 ppb) in at least one well 

water sample, and 

2. People currently living in households served by the Oakdale Municipal Water Supply . 

In the municipal water community (Oakdale), 500 homes were randomly selected from the 

municipal water billing records to receive a household survey to identify eligible adults living in 

the household . For the private well water community (Lake Elmo/Cottage Grove), all 169 homes 

identified with contaminated wells received the household survey . Eligible individuals were 

defined as household residents over 20 years of age living in the home prior to Jan . 1, 2005. 
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From the survey respondents in each community, a list of eligible residents was compiled and 

100 people were randomly selected and invited to participate . If anyone declined participation, a 

replacement individual was randomly selected . The project required participants to provide a 

single 20 cc blood draw at a local clinic and answer a short telephone survey . Specimens were 

collected from October 2008 through January 2009 . At the conclusion of the project 98 people 

from each community had completed all of the project requirements for a total of 196 

participants . Project protocols were reviewed by the Environmental Health Tracking and 

Biomonitoring (EHTB) Advisory Panel, presented to the community at public meetings for 

community acceptance, and approved by the MDH Institutional Review Board . 

Age and length of residence in the home were comparable among participants from the two 

communities . In both communities, the average age of the participants was 53 years (range 20-

86) . The average length of residence in the home was 18 years (range 4-62) in Oakdale and 20 

years (range 4-60) in Lake Elmo and Cottage Grove. In both communities, more females 

(n=108) than males participated (n=88) . 

The blood specimens provided by participants were collected at 2 local clinics according to 

protocol and brought to the MDH Public Health Laboratory (PHL), where each specimen was 

analyzed for the 7 PFCs previously analyzed for in water. Analytical methods used were 

developed and based on methods utilized by the CDC for the National Health and Nutrition 

Examination Survey (NHANES). Of the 7 types of PFCs analyzed for in the 196 blood 

specimens ; 3 PFCs (PFOA, PFOS, and PFHxs) were detected in all specimens, 1 PFC (PFBA) 
was detected in 55 specimens (28%), 1 PFC (PFBS) was detected in 5 specimens (3%), and the 
final 2 types of PFCs (PFPeA and PFHxA) were below the limit of detection (0.1 ng/mL) for all 

196 specimens . 

Concentrations of PFOA, PFOS, and PFHxS in the population sample were log-normally 

distributed and geometric means were calculated . Levels did not differ significantly between the 
two communities . In the combined communities, PFOA had a geometric mean of 15.4 ppb 
(range 1 .6-177ppb), PFOS had a geometric mean of 35.9 ppb (range 3 .2-448 ppb), and PFHxS 
had a geometric mean of 8.4 ppb (range 0.32-316 ppb) . As with most other studies, mean levels 

xu 



for PFOA, PFOS, and PFHxS were found to be higher in males than females and increased with 

age . These PFC levels were also highly correlated with each other. Increasing length of residence 

in the home was found to be positively associated with PFOA and PFHxS, but not PFOS. 

PFC levels found in the 196 adults from the two communities were moderately elevated in 

comparison with results reported for the US general populationZ but comparable to or lower than 

levels found in other studies of communities exposed via drinking water . However, 

comparisons with other general population and community studies are difficult to interpret due to 

differing population characteristics and time periods involved. 3M ceased production of 

ammonium PFOA in 2000 and as a result general population levels have been declining3 . 

Consequently, PFC levels will be expected to vary in populations when tested during different 

time periods . As expected, community levels found in this study were much lower than levels 

found in occupational studies of PFC manufacturing workers. 

Additional analysis of these findings along with analyses of drinking water PFC contaminant 

levels and community PFC serum levels will be completed in a follow up to this report . Any 

further determination of routes and sources of exposure would require a more extensive 

investigation and was beyond the scope of this pilot project . MDH staff will present these 

findings to the community and solicit recommendations from the community for further public 

health action in response to the project results . 

The Environmental Health Tracking and Biomonitoring Science Advisory Panel recommended 

on June 2, 2009 after viewing of the pilot project preliminary data, that follow up biomonitoring 

be completed at a later date with these same communities to measure change in levels over time . 

Blood levels of PFCs in the population are expected to decrease due to the actions that have been 

taken to remove PFC from the drinking water in these communities. 

The purpose and intent of this pilot project was to inform a future biomonitoring program for the 

state of Minnesota. The project succeeded in this respect and the information and experience it 

provided are necessary and valuable to the success of the Environmental Health Tracking and 

Biomonitoring program at MDH. 
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INTRODUCTION 

1n 2007 the Minnesota State Legislature passed Minnesota Statute 144.995 - 144.998, which 

established the Environmental Health Tracking and Biomonitoring (EHTB) program and 

directed the Minnesota Department of Health (MDH) to design and implement four pilot 

biomonitoring projects . The primary purpose of each of the pilot projects is to measure the range 
and distribution of a selected chemical or chemicals, in the body, in a community identified as 

likely to be exposed . Exposure is measured through the collection of a biological sample, such 

as blood or urine, from voluntary participants from the community . Another purpose of the pilot 
projects is to build biomonitoring capacity in the state and to develop recommendations for the 
Legislature for the creation of an ongoing biomonitoring program in Minnesota. 

This biomonitoring pilot project, known as the East Metro PFC Biomonitoring Pilot Project, was 
designed to measure the range and distribution of 7 types of perfluorinated chemicals (PFCs) in 
100 individuals from each of two separate communities . 

Contamination of drinking water supplies with PFCs in the east metro was discovered in the 
summer of 2004 . MPCA and MDH collected water samples from private well owners as well as 
the Oakdale Municipal supply to assess and define the extent of the contamination . Routine 
monitoring was established by MDH and MPCA and actions to stop drinking water exposure 
were taken, including the provision of bottled water, granular activated carbon (GAC) home 
filters, access to municipal water, and a water treatment plant that utilizes large GAC filters to 
remove PFCs for the 0akdale Municipal Water Supply' . With the implementation of these 
filtration practices, drinking water exposure in the community has been reduced to below 
established health-based values, and the plan for remediation of the contaminated waste facilities 
are currently underway which may further reduce the PFC exposure through drinking water . 

EHTB program staff, with input from the EHTB Advisory Panel and an interagency workgroup, 
developed a project protocol for the East Metro PFC Biomonitoring Pilot Project . The target 
sample size of 100 individuals from each of two exposed communities was specified in the 
legislation . The project was presented to the community in community group meetings and with 



local public health officials for community acceptance. The project was also reviewed and 

approved by the MDH Institutional Review Board (IRB) for the protection of human subjects in 

research . 

METHODS 

Participant Recruitment and Informed Consent 

Figure 1 summarizes the recruitment and participation of study subjects from the contaminated 

Municipal water supply community (Oakdale) . To recruit individuals who consumed water from 

the Oakdale Municipal Water supply, the billing addresses of all the households receiving water 

service prior to Jan . 1, 2005 were provided to EHTB and included a total 6,655 households. A 

random sample of 500 households was selected from that list to receive a household survey . The 

survey asked one individual in each household to identify all adults, over the age of 20, currently 

living in the home who had lived there prior to Jan . 1, 2005. The household survey also asked 

individuals to identify the current drinking water source utilized in their home, if any filtration 

device was used, the gender, the birth date, and length of residence in the home for each adult. 

These descriptive characteristics for each community are described on Tables 1 and 2 . From the 

surveys returned to EHTB a second list was compiled of all the eligible adults identified on the 

household surveys . From this list, 100 people were randomly selected and invited to participate 

in the study . Individuals were mailed information about the study and an informed consent 

document to be returned by mail. If an individual declined to participate another person was 

randomly selected from the list as a replacement. In total, 154 individuals were invited to 

participate, 100 consented, and 98 completed all the project requirements by the project end date . 

Figure 2 describes the recruitment and enrollment process of the 100 individuals from the 

community with contaminated private wells (Lake Elmo/Cottage Grove) . To recruit individuals 

who consumed water ftom private wells with PFC contamination, a list of addresses was 

provided to EHTB from MDH well sampling records of households with private wells with a 

PFOS or PFOA level greater than 0.1 ppb (trace levels) . These 169 homes were then sent the 

household survey asking them to identify adults, over the age of 20, currently residing in the 

home that had lived there prior to Jan. 1, 2005 . From the list of eligible adults, 100 were 



randomly selected and invited to participate . Information and a consent form were mailed to the 

home. If an individual chose not to participate, a replacement was randomly selected from the 

list . A total of 149 individuals were invited to participate, 102 consented, and 98 completed all 

project requirements by the project end date . 

Once the signed consent materials had been received by project personnel, the participant was 

contacted by telephone to complete a short interview and given an opportunity to ask questions 

about the project. Each participant was asked in the telephone interview about current drinking 

water habits, pregnancy status for females, general health and about current or previous 

employment at 3M so that possible occupational exposures could be identified and accounted for 
in the analyses . Participants were then sent instructions to visit one of two local health clinics 
contracted to conduct the blood draw and processing for the project. 

Specimen Collection 

Participants had a choice of visiting the Health East Woodbury or Oakdale clinic to provide a 

blood specimen . Specimens were collected from consenting participants by venipuncture into 

red-topped (serum) tubes at the local clinics . Included with the instructions to the participant 

were a set of participant ID labels to be affixed to the blood draw tubes . By attaching the 

individual participant ID number to the blood draw tube, the specimen was de-identified before 

arrival at the MDH Public Health Laboratory (PHL) . No private information on individuals in 

the study was collected either at the clinic or at the PHL. After collection, blood was allowed to 

clot, and tubes were centrifuged to separate serum and red blood cells . Serum was aliquoted into 

cryogenic vials and then frozen . Samples were delivered to the MDH PHL frozen and stored in a 
locked, ultralow (-80°C) freezer until analysis. 

Laborato Analvses 

Fluorochemical standards, perfluorbutanoate, perfluoropentanoate, perfluorohexanoate, 

perfluorooctanoate, potassium perfluorobutane sulfonate, sodium perfluorohexane sulfonate and 

potassium perfluorooctane sulfonate were purchased from Wellington Laboratories (Wellington 

Laboratories, Guelph, Ontario, Canada) . Internal standards, perfluoro-n-[1,2,3,4-'3C4]butanoic 
acid, perfluoro-n-[1,2-13Cz]hexanoic acid, perfluoro-n-[1,2,3,4-13C4]octanoic acid, perfluoro-l- 



hexane[laOz]sulfonate, and perfluoro-l-[1,2,3,4-"C4]octane sulfonate were also purchased from 

Wellington Laboratories . Standards were >98% pure and consisted of 98 .5-100% linear isomers . 

Acetonitrile, formic acid, methanol and ammonium hydroxide were purchased from Fisher 

(Fisher Scientific, Pittsburgh, PA) See Table 3 . Gibco newborn bovine calf serum was 

purchased from Invitrogen (Invitrogen Corporation, Carlsbad, CA) for matrix matched 

calibration curves . Solid phase extraction (SPE) cartridges were purchased from Waters (Waters 

Corporation, Milford, MA). 

The method employed for extraction followed that published by Kuklenyik et al A with some 

modifications which are described below. Unknown samples and standards were prepared in the 

same way; specimens were thawed, and a one ml aliquot was added to a polypropylene test tube, 

diluted with 3 mL 0.1 M formic acid, spiked with 50 uL of a stock solution containing internal 

standard (for unknown samples) or internal standard and analyte solution (for calibration curve, 

and QC samples) and mixed on a vortex mixer. Stock solutions were prepared such that a 50 uL 

spike into 1 ml, of serum yielded concentrations of 0.05 - 50 ppb for analytes and 0.75 ppb for 

internal standards . Sample extractions were performed manually on a 24 port vacuum manifold 

using Oasis HLB SPE cartridges . Cartridges were conditioned with methanol, acetonitrile and 

0.1 M formic acid . Samples were loaded and allowed to pass through at a dropwise rate, and 

then washed twice with 3 .0 mL O.1M formic acid and once with 1 .0 mL 1% ammonium 

hydroxide in water. Cartridges were eluted into polypropylene test tubes with 1 .0 ml 1 % 

ammonium hydroxide in acetonitrile and concentrated under nitrogen to 100 ~LL . Samples were 

reconstituted with 2001iI, 0.1% formic acid in 25% acetonitrile and 75% water and transferred to 

autosampler vials . 

Method accuracy and precision were determined by spike and recovery experiments . Four 

aliquots of bovine calf serum (1 mL each) were spiked at 10 ng/mL and extracted as described 

above . The experiment was repeated at a 1 ng/mL spike level . The accuracy and precision of 

the method as determined by these spike and recovery experiments is described in terms of % 

Recovery and %RSD (relative standard deviation) and can be found in Table 4 . To determine 

the method detection limit (MDL), seven replicates of serum were prepared at a concentration 2 

to 5 times the noise level and extracted as described above . The MDL was calculated by 



multiplying the standard deviation of the replicates by the students t value at 99% confidence 
level . Method detection limits for the analysis of these PFCs in serum are found in Table 5. The 
report level for method is higher than the MDL and is the value of the lowest point on the 
calibration curve. 

Ongoing quality control samples prepared and extracted with each batch of samples included a 

method blank (bovine calf serum spiked with internal standard), a calibration verification 

standard (CVS) (bovine calf serum spiked with internal standard and analytes), a matrix spike 
(an unknown sample spiked with internal standard and analytes), and a duplicate (a duplicate of 
an unknown sample) . Any analyte peaks in the method blank must be < %z the report level or the 
extraction must be repeated on the entire batch . The CVS recovery must be within 80 to 120% 
for all analytes or the samples will be flagged for reanalysis . The recovery for the matrix spike 
would be within 30% of its theoretical value ; failure to meet this criteria suggests matrix 
interference, in which case the sample should be diluted and reanalyzed . The precision of the 
unknown duplicate samples must be < 20% relative percent deviation . 

Sample analysis was performed with an Agilent 1200 HPLC (Agilent Technologies, Santa Clara, 
CA) with a Betasil C8 3 gm, 2 .1 x 5 mm column, and a Betasil Cg 5 p.m, 3 x 50 mm precolumn, 
both from Thermo (Thermo Fisher Scientific, Waltham, MA) between the pump and the 
autosampler . Sample extracts were injected (10 p.L) and analytes separated using the gradient 
outlined in Table 6 with 0.1°/a formic acid in water (solvent A) and 0.1% formic acid in 
acetonitrile (solvent B) . The HPLC was coupled to an Applied Biosystems QTrap 4000 tandem 
mass spectrometer (Applied Biosystems Inc ., Foster City, CA) . Acquisition parameters and ion 
transitions monitored are listed in Table 7 . Quantitation was performed using 8 point calibration 
curves prepared daily with bovine calf serum and spiked standard and internal standard solutions . 
Calibration curves were linear with rZ > 0.99 and weighted I/x . Samples with concentrations 
higher than the highest point in the calibration curve were diluted as necessary. 



Data Analyses 

All questionnaire data were double entered and edit checked for errors . Statistical analysis of the 

PFC serum concentrations was completed using SAS 9.1 . Geometric means and log 

transformations were determined for PFOA, PFOS, and PFHxS as each had log normal 

distributions . The skew in these distributions is not unusual and most likely due to a few elevated 

measures in the project group . 

RESULTS 

Demographic Characteristics of Participants 

Tables 8 and 9 describe the demographic characteristics of the 196 participants that completed 

the East Metro PFC Biomonitoring Pilot Project. The average age for the 98 participants 

comprising the municipal water supply community and the 98 in the private well water 

community was 53 years of age . The average length of residence in the home for participants in 

the Oakdale municipal water and Lake Elmo/Cottage Grove private well water communities was 

18 and 20 years, respectively . In each community, 44 participants were male and 54 were 

female . A total of 30 individuals out of the 196 participants were current or former employees 

of 3M, with 3 identifying work in either PFC production or research and 1 identifying work in 

both . Of the 196 participants 187 (95%) reported their race/ethnicity as non-Hispanic white, 1 

(0.5%) as Hispanic, 3 (2%) as Asian American, 1 (.5%) as Native American, and 4 (2%) 

identified as other . A total of 97 (50%) described their health as very good, 93 (47%) described 

it as good, 6 (3%) described it as bad, and 0 (0%) described it as very bad . 

PFC Serum Levels : Distributions and Geometric Means 

Tables 10 - 14 and Figures 3 - 11 display the distribution for each PFC serum concentration . All 

196 samples were analyzed for 7 PFCs; PFOA, PFOS, PFHxS, PFBA, PFBS, PFPeA, and 

PFHxA (see Table 3 for definitions of PFC chemical acronyms) . PFOA had a geometric mean 

of 15 .4 ng/mL (ppb), a range of 1 .6 - 177 ng/mL, and a median of 16 ng/mL in the combined 

communities . In the private well water community the geometric mean was 13.6 ng/mL, with a 

range of 1 .6 - 177 ng/mL, and a median of 13 ng/mL. The municipal water supply community 



had a PFOA geometric mean of 17.3 ng/mL, a range of 2 - 79 ng/mL, and a median of 21 
ng/mL. 

The geometric mean of PFOS in the combined communities was 35.9 ng/mL, with a range of 3 .2 
- 448 ng/mL, and a median of 41 ng/mL. In the private well water community the geometric 
mean was 32.9 ng/mL, with a range of 3.2 - 448 ng/mL, and a median of 35 ng/mL. The 
municipal water supply community had a PFOS geometric mean of 39.3 ng/mL, a range of 3.9 -
166 ng/mL, and a median of 43 ng/mL. 

The third PFC analyte PFHxS had a geometric mean of 8.4 ng/mL, a range of .32 - 316 ng/mL, 
and a median of 8.9 ng/mL in the combined communities . In the private well water community 
the geometric mean was 8.3 ng/mL, with a range of .37 - 316 ng/mL, and a median of 7.5 
ng/mL. The municipal water supply community had a PFHxS geometric mean of 8.6 ng/mL, a 
range of .32 - 72 ng/mL, and a median of 9.8 ng/mL. 

PFBA was detected in 55 (28%) of the 196 serum samples collected from the project population 
(PFBA level of detection (LOD) was 0.1 ng/mL) . PFBS was detected in 5 (3%) of the 196 
serum samples collected from the population (PFBS LOD was 0.1 ng/mL) . With so many of the 
samples measuring below the LOD, imputation of these values is not recommended for 
calculation of a geometric mean or other measures of central tendancys . PFPeA and PFHxA 
were not detected in any of the 196 serum samples collected . 

PFC Levels by Gender . .Age Length of Residence Community and Employer Status 
Previous biomonitoring studies have found differences in PFC serum concentrations based upon 
genderZ" 6, therefore basic analyses were completed using t-test statistics to determine whether 
observed differences between groups in mean serum PFCs are statistically significant. These 
comparisons were only completed with PFOA, PFOS, and PFHxS as these perfluorochemicals 
were above the level of detection for all 196 samples. To complete these analyses each of the 
PFC measures were log transformed for normality . Figures 12 -14 depict the log transformed 
variables . 



Tables 15 summarizes the findings comparing geometric mean serum PFC levels by gender. 

Mean serum PFCs were significantly higher in males than females for PFOS (p = 0.001) and for 

PFHxS (p = 0.004), consistent with other study results both in another community exposed to 

contaminated drinking water and in the general population 2° 6'$, but no gender difference was 

found for PFOA exposure. 

Simple linear regressions were run to examine the relationships between PFC serum levels and 

age ; scatterplots of these relationships are presented in Figures 15 - 17 . For the relationship 

between PFOA and age, R2= .11 (p :5.0001), for the relationship between PFOS and age, RZ = 

.08 (p < .0001) and for the relationship between PFHxS and age, RZ = .10 (p < .0001). 

To further investigate this relationship, age was divided into 3 categories : 20 - 39 years (N = 19), 

40 - 59 years (N = 106), and >60 years (N = 71), the same age categories NHANES has chosen 

to use in recent publications detailing PFC levels in the general population 
7,8 . To determine 

which groups were different from one another and the group with the highest PFC serum levels, 

a Tukey's test was performed . PFOA was found to be significantly different (p< 0.05) across all 

three age categories, with those in the ?60 years category having the highest mean PFOA level . 

These results are displayed in Figure 18. 

Figure 19 displays the results for the comparison of mean PFOS serum levels across the three 

age categories. Comparison of mean PFOS serum levels across age categories demonstrates that 

those in the >60 years category are significantly different (p<0 .05) than those in the 20 39 years . 

Those in the 40 59 years category were also found to be different than the 20 39 years category 

(p<0.05) . However those in the 40 59 years category were not found to be significantly 

different from those in the >60 category . Those in the oldest age category, ?60 years, were 

found to have the highest mean PFOS serum concentration . 

The difference in mean PFHxS serum levels across age categories was similar to the pattern seen 

for PFOA. As shown in Figure 20, those in the >-60 years category were found to be 

significantly higher (p<0 .05 level) when compared to both the 40 59 years, and 20 39 years 



categories . A significant difference was also observed between those in the 40 59 years 

category and those in the 20 39 years category . 

Simple linear regression models were run to investigate the relationship between length of 

residence and PFOA, PFOS, and PFHxS; scatterplots of these relationships are presented in 

Figures 21 - 23. Significant associations were found between length of residence and PFOA 

(R'= .09, p <0.0001) and length of residence and PFHxS (R2= .07, p = 0.0003), but not between 

PFOS and length of residence (R2= .02, p = 0.069) . To complete further analyses, the length of 

residence was divided into 4 categories ; 4 - 9 years (N = 49), 10 -19 years (N = 71), 20 - 29 

years (N = 36), and greater than 30 years of residence (N = 39) . 

After comparison of the mean PFOA serum level across the 4 length of residence categories with 
the Tukey's test, those in the highest length of residence category, >-30 years, and those in the 
10 19 years category were found to be significantly different from those in the shortest length of 

residence category, 4 - 9 years . Those in the category with the longest length of residence, ?30 

years, were found to have the highest mean PFOA serum concentration . These relationships are 

displayed in Figure 24 . 

Figure 25 depicts the relationship between the mean PFHxS serum concentration and the 4 

length of residence categories . The analyses of the length of residence categories and the length 

of residence categories found that those in the longest length of residence, >30 years, had a mean 

PFHxS serum concentration significantly different (p<0.05) than those in the shortest length of 

residence, 4 9 years . No other category was found to have a significantly different mean PFHxS 

serum concentration than another category . Those with a length of residence >30 years were 

found to have the highest mean PFHxS serum concentration . 

Although the simple analyses found the relationship between PFOS and length of residence to be 
non-significant, Tukey's tests for mean PFOS and categories of length of residence were also 
performed for PFOS. No significant differences were found in the mean PFOS serum 

concentrations across the 4 categories for length of residence, as is shown in Figure 26. 



Table 16 describes the analyses completed to compare the municipal water supply community to 

the private well water community. No difference was found between the two communities in 

regards to age or length of residence. A borderline significant result (p = .06) was found when 

comparing the mean PFOA serum concentrations between the two communities (well water 

community 13 .6 ng/mL and municipal water community 17.3 ng/mL) . The mean PFOS serum 

concentration level and the PFHxS serum concentration level were not found to be significantly 

different between the two communities. 

Of the 196 participants, 30 reported in the telephone interview that they were current or former 

3M employees . Analyses to determine if there were differences between those with a 3M 

employment history and those without were performed as shown in Table 17 . The first test 

found that those in the 3M work group were significantly older than those not in the 3M work 

group : workers had an average age of 59 years and non workers had an average age of 52 .5 years 

(p=0.001) . Similar to the entire project sample there were more female workers (IS) than male 

workers (12) participating in the pilot project . No significant difference was found between the 

two groups in regards to length of residence nor the number of years one had lived in Oakdale 

(municipal water group) . Observed differences in PFC serum levels between current or former 

workers and non-workers were non-significant for PFOA (p = 0.52) and borderline significant 

for PFOS (p = 0.07) with the mean PFOS serum level for 3M workers at 45 .5 ng/mL compared 

to 34.5 ng/mL for non-3M workers . The mean PFHxS serum concentration was significantly 

different between the two groups (p = 0.003) : the mean concentration was 12 .4 ng/mL for 

workers and 7.9 ng/mL for non-workers . Age may account for some of the differences seen in 

these two sub groups as the worker group was significantly older than the non-worker group and 

age has demonstrated an association with higher PFC serum levels . 

Age and length of residence were both associated, to differing degrees, with the PFC serum 

concentrations . However, age and length of residence are also strongly correlated with each 

other (a situation referred to as collinearity), creating difficulties in interpreting which factor is 

most important. While both measures are considered indicators of the duration of exposure to 

contaminated drinking water, age may potentially reflect other past sources of exposure to PFCs 

such as diet and various consumer products . 
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Communication of Individual Participant Results 
Each participant was asked during the informed consent process to decide if they would like to 
receive the results of the test, and all participants requested that the results be provided to them . 
Each participant was sent a letter with their individual PFC serum concentrations in comparison 
with the PFC serum concentrations (geometric mean and range) published by the National 
Health and Nutrition Examination Survey (NHANES), a population-based sample of the US 
general population for the 2003 - 2004 sample years . A booklet was included with each letter to 
provide more information on a number of common questions and topics including : what are 
PFCs, what individual's PFC levels mean, PFC research both for health and exposure, 
information on cancer rates in Dakota and Washington counties, methods to avoid PFC 
exposure, and information on labs that will provide analysis of serum for PFCs . 

Case Descriptions 
MDH staff examined interview information collected on the three individuals who had the 
highest measured concentrations of PFCs to describe their characteristics as shown below: 

" Case #t - PFOA (177 ng/mL) and PFOS (448 ng/mL) 
The individual with the highest PFOA measure similarly had the highest PFOS measure . 
This individual is male, in the oldest age category (>-60 years), in the second length of 
residence category (10 to 19 years), and is a member of the private well water 
community. This individual is not a current or former 3M employee, non-Hispanic 
white, and describes his health as very good . 

Case # 2 - PFHxS (316 ng/mL) 
This individual is female, in the oldest age category (?60 years), in the longest length of 
residence category (?30 years), and is a member of the private well water community . 
This individual is not a current or former 3M employee, non-Hispanic white, and 
describes her health as good . 

" Case #3 - PFBA (8.5 ng/mL) 
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This individual is female, in the oldest age category (?60 years), in the longest length of 

residence category (?30 years), and is a member of the municipal water supply 

community. This individual is a current or former 3M employee (though never a PFC 

research or production employee), non-Hispanic white, and describes her health as good. 

Comparison of Community Findings with Other Studies of Population PFC Serum Levels 

Comparisons of the East Metro community findings with other published reports of PFC serum 

levels are helpful in interpreting these findings (presented in Tables 10-13) . Studies of PFC 

concentrations in human serum have been performed in various populations, countries, and time 

periods . Some of the most relevant or comparable studies have been chosen for comparison to 

the East Metro communities, but these studies do not comprise an exhaustive list of all the 

available biomonitoring data . 

NHANES, the National Health and Nutrition Examination Survey, is a continuous survey of the 

United States general population that began in the early 1960s . Since 1999, a random sample of 

the population has been selected and examined every 2 years, with participants completing a full 

physical examination, providing sociodemographic information, a complete medical history, and 

a blood and urine sample . These blood and urine samples are used to collect physical health 

information and are then provided to the CDC lab for biomonitoring analysis . For sampling 

conducted in the 2003 - 2004 survey, the results of completed serum analyses for a select 

number of PFCs have been published ; they include PFOA, PFOS, and PFHxS. In total the 

NHANES 2003 - 2004 sample size for PFC analysis was 2, 094 individuals, 1,041 females and 

1,053 males. The geometric mean PFOA serum concentration for the NHANES sample was 3 .9 

ng/mL (East Metro was 15 .4 ng/mL), the geometric mean PFOS serum concentration was 20.7 

ng/mL (East Metro was 35.9 ng/mL), and the geometric mean PFHxS was 1 .9 ng/mL2 (East 

Metro was 8.4 ng/mL) . 

These comparisons suggest that the geometric mean serum concentrations for PFOS, PFOA, and 

PFHxS in the East Metro communities are moderately elevated in comparison to the US general 

population. A comparison of the ranges of the distributions are very similar, however, indicating 
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that this difference in the means is not likely due to the influence of a few extremely elevated 

individuals as might be expected in a community that includes individuals with occupational 

exposures . Similarly, in both the NHANES sample and the East Metro sample, males were 

found to have significantly higher levels of PFOA, PFOS, and PFHxS, and strong correlations 

were found between levels of PFOA, PFOS, and PFHxS Z. Table 18 displays the correlations 

between the three PFCs in this project . 

A second population for comparison to the East Metro communities are those living in the Ohio 

River Valley where drinking water contamination with PFOA has been found at higher levels 

than were measured and recorded in the East Metro area . Through a court settlement, residents 

in the Ohio River Valley are participating in a large scale epidemiologic investigation (known as 

the "C8 study) of the PFOA contamination, exposure, and possible health effects . The 

geometric mean for the Little Hocking water district, the district with the highest level of 

contamination for samples collected in 2005 - 2006, was approximately 197 ng/mL with a 

median of 224.1 ng/mL9. The serum concentrations seen in the Little Hocking water district are 

very elevated in comparison to PFOA levels seen in the East Metro . Again, males were found to 

have a higher mean PFOA serum concentration as were those with increasing age, . 

A project measuring the serum PFC concentrations in 600 plasma samples collected by the Red 

Cross in 2006 found levels similar to those found by NHANES . The age range for the 

population, 20 to 69 years of age is similar to that of the East Metro sample . The geometric mean 

PFOA serum concentration was 3 .4 ng/mL, PFOS was 14.5 ng/mL, and PFHxS was 1 .5 ng/mL. 

As has been seen 'in other biomon'itoring studies, males were found to have higher PFC serum 

concentrations . Unlike previous studies and the East Metro sample, the authors found no 

differences in PFC concentration across age categories 3 . 

In 2006 a project was completed in Arnsberg, Germany, measuring levels of PFCs in individuals 

who had consumed water with known PFC contamination . The measured PFOA water 

concentrations for the Arnsberg area are similar to those seen in the East Metro, and the time 

period in which sampling occurred make it a desirable comparison population. The project had 

101 men and 164 women participate, the geometric mean PFOA serum concentration was 23.4 
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ng/mL for women and 25.3 nglmL for men, PFOS had a geometric mean serum concentration of 

5.8 ng/mL for women and 10.5 ng/mL for men, PFHxS had a geometric mean serum 

concentration of 1 .1 ng/mL for women and 2.5 nglmL for men . The PFOA serum levels for this 
population had the greatest elevation, though not unexpectedly, as PFOA was the major water 
contaminant. As has been seen previously and similarly in the East Metro population, males and 

those of increasing age had the highest PFC serum concentrations'° . 

A final and necessary comparison group would be to an occupational cohort . 3M scientists have 

published a number of studies detailing 3M employees' PFC exposure and looked for 

associations with a range of health outcomes. A group of 215 3M employees from the Decatur, 

Alabama, plant had serum collected in 2000 for PFC analysis . The geometric mean PFOA 

serum concentration for this population was 1,130 ng/mL and PFOS had a geometric mean 

serum concentration of 440 ng/mL 11 . Both of these PFCs have mean serum concentrations an 

order of magnitude greater than was seen in the East Metro Biomonitoring Pilot Project sample. 

DISCUSSION 

The results from this biomonitoring pilot project provide information on the range and 

distribution of PFOA, PFOS, PFHxS, PFBA, PFBS, PFPeA, and PFHxA in a sample of residents 

from two communities with previous PFC-contaminated drinking water. Serum PFC levels in 

these East Metro communities, sampled in 2008, are moderately elevated in comparison to the 

US general population (NHANES, 2003-2004) . This is not unexpected as the NHANES sample 

is a representation of the United States general population, where as the East Metro sample 

represents two communities with a known history of PFC drinking water contamination . The 

East Metro communities in this study may have other important differences that could affect 

exposure . Because of the eligibility criteria for this project, participants were likely to be older 

and less transient than the general US population included in NHANES. From the available 

literature, the distribution of PFC serum concentrations in the project communities are found to 

be comparable to another population with similar levels of water contamination in Arnsberg, 
Germany. 
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The eligibility criteria for participation in this project were driven by the Legislative language, 

"likely to be exposed" . Based on community concern for residents with long term exposure and 

to include individuals with the highest likelihood of exposure, participants had to be at least 20 

years of age, living in one of two communities with known water contamination, and have been a 

resident prior to Jan . 1, 2005. Filtration devices were installed on drinking water sources after 

Jan . 1, 2005 to bring PFC levels to below health based values . People moving in to the area 

after the installation of these devices are unlikely to be exposed to drinking water contamination . 

The community also requested that children be included in the project. However, ethical 

considerations and federal guidelines preclude the inclusion of children in research with potential 

health risk when there is no medical or health benefit to the child . Because the project was 

designed specifically to select those with the greatest likelihood of exposure, these results should 

not be interpreted as representing the general population currently living in the East Metro area . 

Comparisons between studies published in the scientific literature as a means for interpreting 

biomonitoring results must be made with caution . Laboratory processes have varying levels of 

detection such that comparisons based on percentages of detections may not be valid . The time 

period of sample collection must also be taken into consideration . PFOS, PFOA, and PFHxS 

have half-lives of 3-8 years, such that the timing of sample collection relative to the exposure 

will affect the levels. If levels had been measured at an earlier point in time when contamination 

of the East Metro water first occurred, higher levels may have been observed. Levels in the 

general population, last reported for samples collected in 2003-04, are likely to be lower in 2008 . 

In the absence of a concurrently monitored comparison population without a history of water 

contamination, these comparisons with the published literature are helpful but should be 

interpreted cautiously . 

The levels found in the NHANES population demonstrate that there is widespread exposure to 

PFCs and clearly drinking water is not the sole or even primary source of exposure in the general 

population . Much remains to be learned about other sources of exposure, and the specific 

contribution of drinking water in this community . Levels of these chemicals in the United 

States general population have been declining in recent years, presumably due to reduced 

exposures following the decision by 3M to cease manufacture of PFOS3. Given the actions taken 
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to reduce PFCs in the drinking water, and the gradual elimination of PFCs from body tissues, 
PFC serum levels are likely to decline in these East Metro communities to levels comparable to 
those found in the general population . 

No risk assessment-based or clinic-based values are currently established for interpreting PFC 
levels in serum in terms of public health risks. However, research is underway to develop human 
biomonitoring values or biomonitoring equivalents which may be helpful for informing future 
biomonitoring efforts and recommendations. 

RECOMMENDATIONS 

The preliminary data analysis for the East Metro PFC Biomonitoring Pilot Project was presented 

to the EHTB Advisory Panel on June 2, 2009. After reviewing these analyses the panel 

recommended that follow up sampling occur at some point in the future to verify that PFC serum 

concentrations are declining as expected based on actions taken to reduce exposure in the 

drinking water. 

Further analysis of the project sample and available water exposure data has also been 

recommended by the Advisory Panel to examine the contribution of prior unfiltered drinking 

water levels, measured in 2005-2007, to the serum PFC concentrations measured in this study, 

and this will be completed at a later date . To resolve questions about the other sources of 

exposure, a more complete exposure assessment survey would be needed. 

The Minnesota Legislature directed MDH to conduct the pilot biomonitoring projects in a 

manner that is community-based, thus involving community members to the extent possible in 

providing input in to the project, including the development of recommendations . As these 

project findings are presented to the community, additional recommendations will be solicited 

from the community for follow-up or any further investigation of PFC exposure . 

As stated previously, one purpose of this project was to inform recommendations for a future 

biomonitoring program for the state of Minnesota . The project succeeded in this respect and the 
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information and experience it provided are necessary and valuable to the success of future 

projects . 

For future biomonitoring projects directed at the communities residing in East Metro and similar 

urban communities, several recommendations can be made: 

" Provide a significant lead time into the project to engage community partners and 
members ; approximately one year is needed prior to project recruitment to identify the 
most effective means of ensuring wide project participation and acceptance by 
community members. 

" Consider methods for including children and teens in future biomonitoring projects that 
involve a blood draw and potential risk to the participant that will also provide a health 
benefit to the child thus addressing ethical concerns and community priorities . 

" Depending on the size of the population being sampled, one to three additional staff 
members are recommended to work with the community/participants during the 
recruitment and specimen collection phase of the project protocol 

" Flexible hours and more time are needed to better accommodate participant's schedules 
for blood sample collection ; this could include a project phlebotomist to accommodate 
people working non-traditional schedules . 

" Conduct a feasibility study to determine the number of likely eligible participants in order 
to better anticipate the number of household contacts, and resources needed to achieve 
the desired study sample size ; a larger sample size would increase analytical capacity for 
examining differences between population subgroups . A feasibility study should also 
consider inclusion of a Minnesota comparison group without drinking water 
contamination . 
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Figure 3. PFOA distribution for a11196 participants 
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Figure 4. PFOA distribution for 98 participants in Private Well Water community 
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Figure 5. PFOA distribution for 98 participants from Municipal Water Supply 
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Figure 7. PFOS distribution for 98 participants in Private Well Water community 
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Figure 9 . PFHxS distribution for all 196 participants 
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Figure 11 . PFHxS distribution for 98 participants in Municipal Water Supply 
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Figure 13 . Log Transformation for PFOS (N =196) 
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Figure 15. Scatterplot of Serum PFOA Concentration vs . Age 
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Figure 16. Scatterplot of Serum PFOS Concentration vs. Age 

1000-7 

r. 

. 

v a 
O 
U 

v 

O 
a 

100~ 

10- 

0 

1-~ 

0 

0 

" 
0 

N 

" 

1T' 
60 70 80 90 

" 

"," 

" 

. 

" " 8 09 

0"" '
q 

N 

. " " , 

, " " 
" 

. 

. " 

10 20 30 

0 

' i- 
40 50 60 70 

Age (years) 

80 90 

31 



Figure 17. Scatterplot of Serum PFHzS Concentration vs . Age 
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Figure 19. PFOS Serum Concentration by Age Category 
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Geometric mean with 95% confidence interval for each Age Category. 
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Figure 20. PFHxS Serum Concentration by Age Category 

Geometric mean with 95% confidence interval for each Age Category. 
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Figure 21 . Scatterplot of Serum PFOA Concentration vs. Length of Residence 
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Figure 22 . Scatterplot of Serum PFOS Concentration vs . Length of Residence 
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Figure 23. Scatterplot of Serum PFHaS Serum Concentration vs. Length of Residence 
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Figure 24. PFOA Serum Concentration by Length of Residence Category 
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Figure 25. PFOS Serum Concentration by Length of Residence Category 
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Geometric mean with 95% confidence interval for each Length of Residence Category. 
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Figure 26. PFHxS Serum Concentration by Length of Residence Category 

Geometric mean with 95% confidence interval for each Length of Residence Category . 
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Table 1. Demographic Characteristics from the Household Survey 

The survey requested that households provide information on each adult over the age of 20, 

who were residents prior to Jan . 1, 2005, and who currently lived in the home . 

Oakdale 
Age 
Residence Time in House 
Length of Time lived in 
Oakdale 

Male 
Female 

Lake Elmo/Cottage Grove 
Age 
Residence Time in House 

Male 

Female 

88 

89 

Table 2. Water Filtration/Treatment practices described on the Household Survey 

Each household was asked to describe CURRENT water filtration or treatment 
practices 

used by the entire household. 

Current Filtration/Treatment in 
Eligible Households 
Multiple types used 

Drinking water filtration/treatment 
responses 
Bottled Water Only 
Reverse Osmosis System 
Granulated Activated Carbon Filter 
(whole House) 
None - no filtration Device 

N = 415 Mean Min Max Skew 
414 53.3 20 87 Normal 
414 18.03 4 86 Log-Normal 
390 20.46 3 85 Log-Normal 

196 
215 

N=186 
186 51 .11 20 86 Normal 
181 18.13 4 60 Log-Normal 

Lake Elmo/Cottage Grove 
Oakdale N= 225(%) N = 95(%) 

32(14) 24(25) 

40(18) 8(8) 
16(17) 17(8) 

3(1) 20(21) 

106(47) 33(35) 



Table 3. Analytes and Internal Standards 

Analyte Acronym Formula 
CAS 

Number 
Molecular 
weight 

Report 
Level 
n mL 

Perfluorobutanoic acid PFBA C4F,OzH 375-22-4 214.04 0.1 
Perfluoro entanoic acid PFPeA C O H 2706-90-3 264.05 0.1 
Perfluorohexanoic acid PFHxA C6F1,OZH 307-24-4 314.05 0.1 
Perfluorooctanoic acid PFOA C F 0 H 335-67-1 414.07 0.1 
PerBuorobutane sulfonate PFBS C4F9S03H 29420-49-3 299.09 0.1 
Perfluorohexane sulfonate PFHxS C F SO H 432-50-7 399.11 0.1 
Perfluorooctane sulfonate PFOS C SO H 1763-23-1 499.12 0.1 
Perfluoro-n-[1,2,3,4-"C4]butanoic 
acid 

MPBFA "C4F7OZH 

Perfluoro-n-[1,2- 13 CZ]hexanoic 
acid 

MPFHxA C.2 C.,F�OaH 

Perfluoro-n-[1,2,3,4,5- 
"CS 

octanoic acid 

MPFOA 13 CS C3F1502H 

Perfluoro-1-hexane O sulfonate MPFHxS C6F ,S O OH 
Perfluoro-1-[1,2,3,4-"C4]octane 
sulfonate 

MPFOS "C,"C4S03H 

Table 4. Accuracy and Precision 

1 n mL Spi ke Level 10 n mL S ike Level 
Anal e % Recovery %RSD % Recove %RSD 
PFBA 105.9 1 .9 102.1 3.7 
PFPeA 104 .2 7.6 108.7 6.6 
PFHxA 105 .6 5 .3 106.5 2 .2 
PFOA 100 .3 7.1 101.7 1 .7 
PFBS 115 .3 6.2 108.7 2.6 
PFHxS 106.4 3 .9 103 .0 1 .6 
PFOS 110.9 5.9 98.7 1 .5 

Table 5. Method Detection Limit 

Analyte 
Spiking level 

ng/mL 
MDL 

(ng/mL) 

Report 
Level 
n mL 

PFBA 0.1 0.024 0.1 
PFPeA 0.1 0.037 0.1 
PFHxA 0.1 0.038 0.1 
PFOA 0.1 0.029 0.1 
PFBS 0.1 0.024 0.1 
PFHxS 0.1 0.013 0.1 
PFOS 0.1 0.040 0.1 
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Table 6. LC gradient 

Time % Mobile % Mobile Flow Rate 
(Min) Phase A Phase B (RL/min) 

0 70.0 30.0 400 
0 .25 70.0 30.0 400 
2 .25 10.0 90.0 400 
7.00 10.0 90.0 400 
7.01 70.0 30.0 500 
8.5 70.0 30.0 500 
8.51 70.0 30.0 400 

Table 7. MS Acquisition Parameters 

MRM Transitions 

Analytes Q1 > Q3 RT 
min 

Dwell 
msec 

DP CE 
e 

CXP 

PFBA 212 .8 > 168.9 0.9 15 -30 -12 -11 

PFPeA 262 .8 > 218.8 1 .9 15 -30 -12 -11 

PFHxAI 312.8 > 268 .9 2.9 15 -45 -14 -15 

PFHxA2 312.8 > 119 .1 2.9 15 -45 -30 -7 

PFOA1 412 .9 > 369 .1 4.0 15 -40 -14 -7 

PFOA2 412 .9 > 168.7 4.0 15 -40 -28 -9 

PFBS1 298.7 > 79 .8 3 .1 15 -80 -44 -5 

PFBS2 298.7 > 98.9 3 .1 15 -80 -68 -3 

PFHxS 1 398.8 > 79.8 4.5 15 -80 -60 -7 

PFHxS2 398.8 > 99.0 4.5 15 -85 -94 -1 

PFOS 1 498.8 > 79.9 5 .9 15 -85 -68 -17 

PFOS2 498.8 > 98.7 5 .9 15 -95 -86 -1 

MPFBA 216.8 > 171 .9 0.9 15 -40 -14 -13 

MPFHxA 314.9 > 269.9 2.9 15 -30 -10 -7 

MPFOA 416.9 > 372.1 4.0 15 -40 -14 -9 

MPFHxS 402.7 > 83.9 4 .5 15 -120 -92 -3 

MPFOS 502.9 > 79.9 5 .9 15 -120 -92 -3 
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Table 8. Demographic Characteristics of the 196 Biomonitoring Pilot Project 
Participants - collected from the Household Survey 

Oakdale N = 98 Mean Min Max Skew 
Age 98 53 .07 25 85 Normal 
Residence Time in House 98 17.83 4 62 Log-Normal 
Length of Time lived in 98 20.74 3.5 62 Log-Normal 
Oakdale 
Male 44 
Female 54 

Lake Elmo/Cottage Grove N = 98 _ _ 
Age 98 53.31 20 86 Normal 
Residence Time in House 98 19.83 4 60 Log-Normal 
Male 44 
Female 54 

Average 
Average Length of 

Gender N =196 Age Residence 
Male 88 53 .8 19.4 
Female 108 53 .3 18.6 

3M Employment 
Worker 30 59.1 21 .3 
Non Worker 166 52.5 18 .6 
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Table 15. Comparison Analyses by Gender 

Variable N Statistic P value Means 
' Age Females 108 t test 0.76 Males 53.7 

Males 88 Females 53 .3 
Length of Residence Females 108 t test 0 .67 Males 19.4 

Males 88 Females 18.6 
Oakdale Years (Municipal water only) Females 53 t test 0.05 Males 23 .6 

Males 41 Females 18.5 
~ PFOA Females 108 t test 0.26 Males 16.6 

Males 88 Females 14.4 
PFOS Females 108 t test 0 .001 Males 43 .9 

Males 88 Females 30.5 
PFHxS Females 108 t test 0.004 Males 10.6 

Males 88 
- ---~ 

Females 7.0 

Table 16 . Comparison Analyses by Community 
(Municipal Water Supply vs. Private Well Water) 

Variable N Statistic P value Means 
Age Municipal 98 t test 0.7 Municipal 53.07 

Private Well 98 Private 53.31 
Length of Residence Municipal 98 t test 0 .37 Municipal 17 .83 

Private well 97 Private 19.83 
PFOA Municipal 98 t test 0.06 Municipal 17 .3 

Private Well 98 Private 13.6 
PFOS Municipal 98 t test 0.11 Municipal 39 3 

Private Well 98 Private 32.9 
PFHxS Municipal 98 t test 0.78 Municipal 8.6 

Private Well 98 Private 8.3 

Table 17 . Comparison Analyses by Employment History (3M worker vs. non-worker) 

Variable N Statistic P value Means 
Age Non Workers 166 t test 0.001 Workers 59.1 

Workers 30 Non Workers 52 .5 
Length of Residence Non Workers 166 t test 0.29 Workers 21 .3 

Workers 30 Non Workers 18 .6 
PFOA Non Workers 166 t test 0.52 Workers 17.0 

Workers 30 Non Workers 15 .06 
PFOS Non Workers 166 t test 0.07 Workers 45 .5 

Workers 30 Non Workers 34 .5 
PFHxS Non Workers 166 t test 0.003 Workers 12.4 

Workers 30 Non Workers 7.9 
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Table 18 . Correlations Between PFOA, PFOS, and PFHxS 

Perflurochemicals 
Pearson Correlation [R] 

PFOA PFOS PFHxS 

PFOA I 
PFOS 0.76 < 0.0001 1 
PFHxS 0.76 (p < 0.0001) 0.81 (p < 0.0001) 1 
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Minnesota Environmental Health Tracking And Biomonitoring 2007 

$1,000,000 each year is for environmental health tracking and biomonitoring . Of this amount, $900,000 
each year is for transfer to the Department of Health. The base appropriation for this program for fiscal year 
2010 and later is $500,000 . 

144.995 DEFINITIONS; ENVIRONMENTAL 
HEALTH TRACKING AND 
BIOMONITORING . 

(a) For purposes of sections 144.995 to 144.998, 
the terms in this section have the meanings given. 

(b) "Advisory panel" means the Environmental 
Health Tracking and Biomonitoring Advisory Panel 
established under section 144.998 . 

(c) "Biomonitoring" means the process by which 
chemicals and their metabolites are identified and 
measured within a biospecimen . 

(d) "Biospecimen" means a sample of human fluid, 
serum, or tissue that is reasonably available as a 
medium to measure the presence and concentration of 
chemicals or their metabolites in a human body . 

(e) "Commissioner" means the commissioner of the 
Department of Health . 
(f) "Community" means geographically or 

nongeographically based populations that may 
participate in the biomonitoring program . A 
"nongeographical community" includes, but is not 
limited to, populations that may share a common 
chemical exposure through similar occupations, 
populations experiencing a common health outcome 
that may be linked to chemical exposures, 
populations that may experience similar chemical 
exposures because of comparable consumption, 
lifestyle, product use, and subpopulations that share 
ethnicity, age, or gender. 

(g) "Department" means the Department of Health . 
(h) "Designated chemicals" means those chemicals 

that are known to, or strongly suspected of, adversely 
impacting human health or development, based upon 
scientific, peer-reviewed animal, human, or in vitro 
studies, and baseline human exposure data, and 
consists of chemical families or metabolites that are 
included in the federal Centers for Disease Control 
and Prevention studies that are known collectively as 
the National Reports on Human Exposure to 
Environmental Chemicals Program and any 
substances specified by the commissioner after 
receiving recommendations under section 144,998, 
subdivision 3, clause (6) . 

(i) "Environmental hazard" means a chemical or 
other substance for which scientific, peer-reviewed 
studies of humans, animals, or cells have 
demonstrated that the chemical is known or 
reasonably anticipated to adversely impact human 
health . 

(j) "Environmental health tracking" means 
collection, integration, analysis, and dissemination of 
data on human exposures to chemicals in the 
environment and on diseases potentially caused or 
aggravated by those chemicals. 

144.996 ENVIRONMENTAL HEALTH 
TRACKING; BIOMONYTORING. 

Subdivision 1. Environmental health tracking. In 
cooperation with the commissioner of the Pollution 
Control Agency, the commissioner shall establish an 
environmental health tracking program to : 

(1) coordinate data collection with the Pollution 
Control Agency, Department of Agriculture, 
University of Minnesota, and any other relevant state 
agency and work to promote the sharing of and 
access to health and environmental databases to 
develop an environmental health tracking system for 
Minnesota, consistent with applicable data practices 
laws; 

(2) facilitate the dissemination of aggregate public 
health tracking data to the public and researchers in 
accessible format ; 

(3) develop a strategic plan that includes a mission 
statement, the identification of core priorities for 
research and epidemiologic surveillance, and the 
identification of internal and external stakeholders, 
and a work plan describing future program 
development and addressing issues having to do with 
compatibility with the Centers for Disease Control 
and Prevention's National Environmental Public 
Health Tracking Program ; 

(4) develop written data sharing agreements as 
needed with the Pollution Control Agency, 
Department of Agriculture, and other relevant state 
agencies and organizations, and develop additional 
procedures as needed to protect individual privacy; 

(5) organize, analyze, and interpret available data, 
in order to : 

(i) characterize statewide and localized trends and 
geographic patterns of population-baged measures of 
chronic diseases including, but not limited to, cancer, 
respiratory diseases, reproductive problems, birth 
defects, neurologic diseases, and developmental 
disorders ; 

(ii) characterize statewide and localized trends and 
geographic patterns in the occurrence of 
environmental hazards and exposures; 

(iii) assess the feasibility of integrating disease rate 
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data with indicators of exposure to the selected 
environmental hazards such as biomonitoring data, 
and other health and environmental data; 

(iv) incorporate newly collected and existing 
health tracking and biomonitoring data into efforts to 
identify communities with elevated rates of chronic 
disease, higher likelihood of exposure to 
environmental hazards, or both; 

(v) analyze occurrence of environmental hazards, 
exposures, and diseases with relation to 
socioeconomic status, race, and ethnicity; 

(vi) develop and implement targeted plans to 
conduct more intensive health tracking and 
biomonitoring among communities ; and 

(vii) work with the Pollution Control Agency, the 
Department of Agriculture, and other relevant state 
agency personnel and organizations to develop, 
implement, and evaluate preventive measures to 
reduce elevated rates of diseases and exposures 
identified through activities performed under sections 
144.995 to 144.998 ; and 

(6) submit a biennial report to the chairs and 
ranking members of the committees with jurisdiction 
over environment and health by January 15, 
beginning January 15, 2009, on the status of 
environmental health tracking activities and related 
research programs, with recommendations for a 
comprehensive environmental public health tracking 
program. 
Subd . 2. Biomonitoring. The commissioner shall; 
(1) conduct biomonitoring of communities on a 

voluntary basis by collecting and analyzing 
biospecimens, as appropriate, to assess environmental 
exposures to designated chemicals; 

(2) conduct biomonitoring of pregnant women and 
minors on a voluntary basis, when scientifically 
appropriate; 

(3) communicate findings to the public, and plan 
ensuing stages of biomonitoring and disease tracking 
work to further develop and refine the integrated 
analysis ; 

(4) share analytical results with the advisory panel 
and work with the panel to interpret results, 
communicate findings to the public, and plan ensuing 
stages of biomonitoring work; and 

(5) submit a biennial report to the chairs and 
ranking members of the committees with jurisdiction 
over environment and health by January 15, 
beginning January 15, 2009, on the status of the 
biomonitoring program and any recommendations for 
improvement. 
Subd . 3. Health data. Data collected under the 

biomonitoring program are health data under section 
13.3805 . 

144.997 BIOMONITORING PILOT 
PROGRAM. 

Subdivision 1 . Pilot program. With advice from 
the advisory panel, and after the program guidelines 
in subdivision 4 are developed, the commissioner 
shall implement a biomonitoring pilot program. The 
program shall collect one biospecimen from each of 
the voluntary participants . The biospecimen selected 
must be the biospecimen that most accurately 
represents body concentration of the chemical of 
interest . Each biospecimen from the voluntary 
participants must be analyzed for one type or class of 
related chemicals. The commissioner shall determine 
the chemical or class of chemicals to which 
community members were most likely exposed. The 
program shall collect and assess biospecimens in 
accordance with the following: 

(1) 30 voluntary participants from each of three 
communities that the commissioner identifies as 
likely to have been exposed to a designated chemical ; 

(2) 100 voluntary participants from each of two 
communities : 

(i) that the commissioner identifies as likely to 
have been exposed to arsenic; and 

(ii) that the commissioner identifies as likely to 
have been exposed to mercury; and 

(3) 100 voluntary participants from each of two 
communities that the commissioner identifies as 
likely to have been exposed to perfluorinated 
chemicals, including perfluorobutanoic acid . 
Subd . 2. Base program. (a) By January 15, 2008, 

the commissioner shall submit a report on the results 
of the biomonitoring pilot program to the chairs and 
ranking members of the committees with jurisdiction 
over health and environment . 

(b) Following the conclusion of the pilot program, 
the commissioner shall: 

(1) work with the advisory panel to assess the 
usefulness of continuing biomonitoring among 
members of communities assessed during the pilot 
program and to identify other communities and other 
designated chemicals to be assessed via 
biomonitoring; 

(2) work with the advisory panel to assess the pilot 
program, including but not limited to the validity and 
accuracy of the analytical measurements and 
adequacy of the guidelines and protocols; 

(3) communicate the results of the pilot program to 
the public ; and 

(4) after consideration of the findings and 
recommendations in clauses (1) and (2), and within 
the appropriations available, develop and implement 
a base program. 

Subd . 3. Participation. (a) Participation in the 
biomonitoring program by providing biospecimens is 
voluntary and requires written, informed consent. 
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Minors may participate in the program if a written 
consent is signed by the minor's parent or legal 
guardian . The written consent must include the 
information required to be provided under this 
subdivision to all voluntary participants . 

(b) All participants shall be evaluated for the 
presence of the designated chemical of interest as a 
component of the biomonitoring process. Participants 
shall be provided with information and fact sheets 
about the program's activities and its findings . 
Individual participants shall, if requested, receive 
their complete results . Any results provided to 
participants shall be subject to the Department of 
Health Institutional Review Board protocols and 
guidelines . When either physiological or chemical 
data obtained from a participant indicate a significant 
known health risk, program staff experienced in 
communicating biomonitoring results shall consult 
with the individual and recommend follow-up steps, 
as appropriate. Program administrators shall receive 
training in administering the program in an ethical, 
culturally sensitive, participatory, and community-
based manner . 

Subd . 4. Program guidelines. (a) The 
commissioner, in consultation with the advisory 
panel, shall develop: 

(1) protocols or program guidelines that address 
the science and practice of biomonitoring to be 
utilized and procedures for changing those protocols 
to incorporate new and more accurate or efficient 
technologies as they become available . The 
commissioner and the advisory panel shall be guided 
by protocols and guidelines developed by the Centers 
for Disease Control and Prevention and the National 
Biomonitoring Program; 

(2) guidelines for ensuring the privacy of 
information ; informed consent; follow-up counseling 
and support; and communicating findings to 
participants, communities, and the general public . 
The informed consent used for the program must 
meet the informed consent protocols developed by 
the National Institutes of Health ; 

(3) educational and outreach materials that are 
culturally appropriate for dissemination to program 
participants and communities . Priority shall be given 
to the development of materials specifically designed 
to ensure that parents are informed about all of the 
benefits of breastfeeding so that the program does not 
result in an unjustified fear of toxins in breast milk, 
which might inadvertently lead parents to avoid 
breastfeeding. The materials shall communicate 
relevant scientific findings; data on the accumulation 
of pollutants to community health ; and the required 
responses by local, state, and other governmental 
entities in regulating toxicant exposures; 

(4) a training program that is culturally sensitive 

specifically for health care providers, health 
educators, and other program administrators; 

(5) a designation process for state and private 
laboratories that are qualified to analyze 
biospecimens and report the findings ; and 

(6) a method for informing affected communities 
and local governments representing those 
communities concerning biomonitoring activities and 
for receiving comments from citizens concerning 
those activities . 

(b) The commissioner may enter into contractual 
agreements with health clinics, community-based 
organizations, or experts in a particular field to 
perform any of the activities described under this 
section . 

144.998 ENVIRONMENTAL HEALTH 
TRACKING AND BIOMONITORING 
ADVISORY PANEL. 

Subdivision 1. Creation . The commissioner shall 
establish the Environmental Health Tracking and 
Biomonitoring Advisory Panel. The commissioner 
shall appoint, from the panel's membership, a chair. 
The panel shall meet as often as it deems necessary 
but, at a minimum, on a quarterly basis . Members of 
the panel shall serve without compensation but shall 
be reimbursed for travel and other necessary 
expenses incurred through performance of their 
duties . Members appointed by the commissioner are 
appointed for a three-year term and may be 
reappointed . Legislative appointees serve at the 
pleasure of the appointing authority. 

Subd . 2 . Members. (a) The commissioner shall 
appoint eight members, none of whom may be 
lobbyists registered under chapter 10A, who have 
backgrounds or training in designing, implementing, 
and interpreting health tracking and biomonitoring 
studies or in related fields of science, including 
epidemiology, biostatistics, environmental health, 
laboratory sciences, occupational health, industrial 
hygiene, toxicology, and public health, including: 

(1) at least two scientists representative of each of 
the following: 

(i) nongovernmental organizations with a focus on 
environmental health, environmental justice, 
children's health, or on specific chronic diseases; and 

(ii) statewide business organizations; and 
(2) at least one scientist who is a representative of 

the University of Minnesota. 
(b) Two citizen panel members meeting the 

scientific qualifications in paragraph (a) shall be 
appointed, one by the speaker of the house and one 
by the senate majority leader. 

(c) In addition, one representative each shall be 
appointed by the commissioners of the Pollution 
Control Agency and the Department of Agriculture, 
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and by the commissioner of health to represent the 
department's Health Promotion and Chronic Disease 
Division . 

Subd . 3 . Duties . The advisory panel shall make 
recommendations to the commissioner and the 
legislature on : 

(1) priorities for health tracking ; 
(2) priorities for biomonitoring that are based on 

sound science and practice, and that will advance the 
state of public health in Minnesota; 

(3) specific chronic diseases to study under the 
environmental health tracking system ; 

(4) specific environmental hazard exposures to 
study under the environmental health tracking 
system, with the agreement of at least nine of the 
advisory panel members; 

(5) specific communities and geographic areas on 
which to focus environmental health tracking and 
biomonitoring efforts; 

(6) specific chemicals to study under the 
biomonitoring program, with the agreement of at 
least nine of the advisory panel members; in making 
these recommendations, the panel may consider the 
following criteria : 

(i) the degree of potential exposure to the public or 
specific subgroups, including, but not limited to, 
occupational ; 

(ii) the likelihood of a chemical being a carcinogen 
or toxicant based on peer-reviewed health data, the 
chemical structure, or the toxicology of chemically 
related compounds ; 

(iii) the limits of laboratory detection for the 
chemical, including the ability to detect the chemical 
at low enough levels that could be expected in the 
general population; 

(iv) exposure or potential exposure to the public or 
specific subgroups; 

(v) the known or suspected health effects resulting 
from the same level of exposure based on peer-
reviewed scientific studies; 

(vi) the need to assess the efficacy of public health 
actions to reduce exposure to a chemical ; 

(vii) the availability of a biomonitoring analytical 
method with adequate accuracy, precision, 
sensitivity, specificity, and speed; 

(viii) the availability of adequate biospecimen 
samples; or 

(ix) other criteria that the panel may agree to ; and 
(7) other aspects of the design, implementation, 

and evaluation of the environmental health tracking 
and biomonitoring system, including, but not limited 
to : 

(i) identifying possible community partners and 
sources of additional public or private funding; 

(ii) developing outreach and educational methods 
and materials; and 

(iii) disseminating environmental health tracking 
and biomonitoring findings to the public. 

Subd . 4. Liability. No member of the panel shall 
be held civilly or criminally liable for an act or 
omission by that person if the act or omission was in 
good faith and within the scope of the member's 
responsibilities under sections 144.995 to 144.998 . 

INFORMATION SHARING. 
On or before August 1, 2007, the commissioner of 

health, the Pollution Control Agency, and the 
University of Minnesota are requested to jointly 
develop and sign a memorandum of understanding 
declaring their intent to share new and existing 
environmental hazard, exposure, and health outcome 
data, within applicable data privacy laws, and to 
cooperate and communicate effectively to ensure 
sufficient clarity and understanding of the data by 
divisions and offices within both departments. The 
signed memorandum of understanding shall be 
reported to the chairs and ranking members of the 
senate and house of representatives committees 
having jurisdiction over judiciary, environment, and 
health and human services . 
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DEPARTMENT oFHEALTH 

PFC Biomonitoring Project 
General Overview 
July 2008 

What is the PFC Biomonitoring Project? 
The PFC Biomonitoring Project will measure what levels of PFCs are in the bodies of 200 adults living in 
the east metro area, where some of the drinking water is contaminated with PFCs. The PFC Biomonitoring 
Project is funded by the Minnesota State Legislature as part of the Environmental Health Tracking and 
Biomonitoring Program at the Minnesota Department of Health. 

What are perfiuorochemicals (PFCs)? 
Perfluorochemicals (PFCs) are chemicals that have been used for many years to make products that resist heat, stains, grease and water. 

Some products that are made using PFCs include: 
" Nonstick cookware 
" Carpets and fabrics that resist stains 
" Foams for fighting fires 
" Food wrappers 

What is biomonitoring? 
Biomonitoring means measuring the amount of a chemical in people's bodies . Chemicals are measured by taking a sample of someone's hair, urine, blood, or other body tissue . Scientists are able to measure chemicals in the body in very small amounts. But for most chemicals we do not know yet what the levels found in people's bodies mean for their health . 

Why is the Minnesota Department of Health conducting the PFC Biomonitoring Project? 
The Minnesota Department of Health (MDH) would like to learn about the levels of PFCs in people who have been exposed to PFCs in their drinking water . The PFC Biomonitoring Project will help us to learn the average levels of PFCs that people have in their bodies . We can then compare these levels to the PFC levels for the general population . 

Who is eligible to be in the PFC Biomonitoring Project? 
In order to be in the study, people must live in one of the two communities that are part of the study . The first community is people who live in homes served by the Oakdale city water supply . The second 
community is homes in Lake Elmo and Cottage Grove with private wells where PFOA and/or PFOS have been found in the water at more than 0.1 parts per billion . 

To be in the study, people must be age 20 or older. They also must have been living at their current home before January l, 2005 . 
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Howv+rill participants be selected to be in the PFC Biomonitoring Project? 
Participants will be selected through a specific recruitment process . In Oakdale, 500 households will be 

picked at random from a list of households served by the Oakdale city water supply . In Lake Elmo and 

Cottage Grove, MDH will contact all homes with PFCs in their private wells . 

These households will be sent a letter about the study and a short survey . The survey will ask for the 

names of all adults age 20 or older who have lived in the home since before January 1, 2005 . From the 

surveys that are sent back to MDH, 100 adults will be chosen at random from each of the two 

communities and asked to be part of the study . 

Why does the study include only people who were in their current home before January 1, 2405? 
The study includes only adults who have lived in their current home before January 1, 2005 to ensure that 

all of the people in the study were exposed to PFCs in the water . Starting in 2005, steps were taken to 

reduce people's exposure to PFCs in the water . 

Why does the study include only adults? 
The PFC Biomonitoring Project involves having blood drawn from a vein . This is an invasive medical 

procedure . Federal guidelines state that it is unethical to include children in this kind of research unless 

there is a clear benefit to them. Because there is no clear benefit to children being tested for PFCs, the 

PFC Biomonitoring Project will include only adults . 

What will the people in the study have to do? 
Each person who agrees to be part of the study will be asked to complete a short survey by phone. They 

will then need to go to the Woodwinds clinic in Oakdale or Woodbury to have 20 cc's (about 4 teaspoons) 

of their blood drawn . 

When will the study results be available? 
Because the process for measuring PFCs in the blood is complex, it may take up to three months for 

people in the study to receive their individual results . Results will be sent only to those who want to 

receive the results . 

The results of the entire project will be ready in the spring of 2009. These results will provide a picture of 

the current levels of PFCs in people who drank water from the Oakdale city water supply and from private 

wells polluted with PFCs. 

How did PFCs get into the water? 
Wastes from the 3M Company that contained PFCs were disposed of in a number of landfills in the east 

metro area . The PFCs seeped into the groundwater and polluted many private wells as well as some city 

wells . 



Can PFCs harm people's health? 
Very little is known about the human health effects of PFCs in the general population . Studies carried out by the 3M Company of workers who were exposed to PFCs during manufacturing show no apparent impact on their health . Studies on animals have shown some health effects, such as effects on the liver, thyroid, and pancreas . But it is unclear whether these problems are likely to occur in humans. Research into the effects that PFCs may have on people's health is new. It will take many years for scientists to learn whether there are links between PFCs and human health . 

What will we learn from the PFC Biomonitoring Project? 
The people who are part of the PFC study will have the chance to learn the levels of PFCs in their bodies . MDH will combine all of the results to provide an average, range, and distribution of the levels of PFCs for people who drank Qakdale city water and for people whose private wells were polluted with PFCs. 

Will the PFC Biomonitoring Project tell us about the health effects of PFCs? 
The PFCs study will only tell us the levels of PFCs in people who drank water containing PFCs before January 1, 2005 . The study will not be able to tell us whether PFCs caused anyone to get sick . That can only be learned from health studies that are beyond the scope of this project . 

Will the PFC Biomonitoring Project tell us how these chemicals got into people's bodies? There are many ways that people might be exposed to PFCs. Some ways that people might be exposed to PFCs include : 
" The drinking water in the east metro area 
" Food wrappers 
" Household products 
" Some jobs 

The study will not be able to tell whether the PFCs in people's bodies came from the water or some other source . 

What is the Environmental Health Tracking & Biomonitoring Program? 
In 2007 the Minnesota Legislature passed a law directing MDH to develop and implement at statewide Environmental Health Tracking and Biomonitoring (EHTB) program . The legislation directs MDH to implement four biomonitoring pilot projects, including one in communities likely to have been exposed to PFCs . The PFC Biomonitoring Project is one of the four required pilot biomonitoring projects . By carrying out the biomonitoring pilot projects, MDH will learn lessons that will guide plans for an ongoing state biomonitoring program in the future . 

Biomonitoring means directly measuring the amount of a chemical (or products that the chemical breaks down into) in people's bodies . Environmental health tracking involves collecting, analyzing and sharing data on people's exposure to chemicals in the environment and on the diseases that may be caused or worsened by those chemicals. 

For more information . . . 
To learn more about this study, please contact Adrienne Kari at MDH at 651-201-3635 or adrienne.karina,state.mn.us. 
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am 
DEPARTNFE-NT OF HEALTH 

PFC Biomonitoring Project: Private Wells in Lake Elmo & Cottage Grove 
Overview 

What are perfiuorochemicals (PFCs)? 
Perfluorochemicals (PFCs) are chemicals that have been used for many years to make products that 

resist 

heat, stains, grease and water. 

Some products that are made using PFCs include: 
" Nonstick cookware 
" Carpets and fabrics that resist stains 
" Foams for fighting fires 
" Food wrappers 

What is biomonitoring? 
Biomonitoring means measuring the amount of a chemical in people's bodies . Chemicals are measured by 

taking a sample of someone's hair, urine, blood, or other body tissue . Scientists are able to measure 

chemicals in the body in very small amounts . But for most chemicals we do not know yet what the levels 

found in people's bodies mean for their health . 

Why is the Minnesota Department of Health conducting the PFC Blomonltoring Project? 

The Minnesota Department of Health (MDH) would like to learn about the levels of PFCs 
in people who 

have been exposed to PFCs in their drinking water . The PFC Biomonitoring Project will help us to learn 

the average levels of PFCs that people have in their bodies . We can then compare these levels to the PFC 

levels for the general population. 

Why did I get this letter about the PFC Biomonitoring Project? 
The Minnesota Department of Health (MDH) sent you this letter because our records 

indicate that your 

home's private well contains PFOA and/or PFOS at a level greater than 0.1 parts per billion . 

How did PFCs get into the water? 
Wastes from the 3M Company that contained PFCs were disposed of in a number of landfills in the 

east 

metro area . The PFCs seeped into the groundwater and polluted many private wells as well as some city 

wells. 

Can PFCs harm people's health? 
Very little is known about the human health effects of PFCs in the general population

. Studies carried out 

by the 3M Company of workers who were exposed to PFCs during manufacturing show no 
apparent 

impact on their health . Studies on animals have shown some health effects, such as effects on the liver, 

thyroid, and pancreas . But it is unclear whether these problems are likely to occur in humans. Research 

into the effects that PFCs may have on people's health is new . It will take many years for scientists to 

learn whether there are links between PFCs and human health . 
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Who is eligible to be part of the PFC Blomonftoring Project? 
In order to be in the study, people must live in one of the two communities that are part of the study . The 
first community is people who live in homes served by the Oakdale city water supply . The second 
community is homes in Lake Elmo and Cottage Grove with private wells where PFOA and/or PFOS have 
been found in the water at more than 0.1 parts per billion . 

To be in the study, people must be age 20 or older. They also must have been living at their current home 
before January 1, 2005 . 

Why does the study include only people who were in their current home before January 1, 2005? 
The study includes only adults who have lived in their current home before January 1, 2005 to ensure that 
all of the people in the study were exposed to PFCs in the water . Starting in 2005, steps were taken to 
reduce people's exposure to PFCs in the water . 

Why does the study include only adults? 
The PFC Biomonitoring Project involves having blood drawn from a vein . This is an invasive medical 
procedure . Federal guidelines state that it is unethical to include children in this kind of research unless 
there is a clear benefit to them . Because there is no clear benefit to children being tested for PFCs, the 
PFC Biomonitoring Project will include only adults . 

How will people be chosen for the PFC Blomonitoring Project? 
MDH will contact all homes with PFCs in their private wells . These homes will be sent a letter about the 
study and a short survey . The survey will ask for the names of all adults age 20 or older who have lived in 
the home since before January 1, 2005. From the surveys that are sent back to MDH, 100 adults will be 
chosen at random and asked to be part of the study . 

What will the people in the study have to do? 
Each person who agrees to be part of the study will be asked to complete a short survey by phone . They 
will then need to go to the Woodwinds clinic in Oakdale or Woodbury to have 20 cc's (about 4 teaspoons) 
of their blood drawn. 

When will people get the study results? 
Because the process for measuring PFCs in the blood is complex, it may take up to three months for 
people in the study to receive their results. Results will be sent only to those who want to receive the 
results. 

The results of the entire project will be ready in the winter or spring of 2009 . These results will provide a 
picture of the current levels of PFCs in people drinking water from private wells polluted with PFCs. 

What will we learn from the PFC Biomonitoring Project? 
The people who are part of the PFC study will have the chance to learn the levels of PFCs in their bodies . 
MDH will combine all of the results to provide an average, range, and distribution of the levels of PFCs 
for people drinking water from private wells polluted with PFCs. 
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Will the PFC Biomonitoring Project tell us about the health effects of PFCs? 
The PFCs study will only tell us the levels of PFCs in people who drank water from private wells before 
January 1, 2005 . The study will not be able to tell us whether PFCs caused anyone to get sick . That can 
only be learned from health studies that are beyond the scope of this project. 

Will the PFC Biomonitoring Project tell us how these chemicals got into people's bodies? 
There are many ways that people might be exposed to PFCs . Some ways that people might be exposed to 
PFCs include : 

" The drinking water in the east metro area 
" Food wrappers 
" Household products 
" Some jobs 

The study will not be able to tell whether the PFCs in people's bodies came from the water or some other 
source . 

For more information. . . 
To learn more about this study, please contact Adrienne Kari at MDH at 651-201-3635 or 
adrienne.karia,state .mn.us . 

Revised 8/6/08 
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Si usted preferfria estos materiales en 
espanol Ilaman porfavor 651-201-3635 

July 17, 2008 

<First Name> <Last Name> 
<Address> 
<Address2> 
<City>, <State> < Zip> 

Dear <First Name> <Last Name>: 

The Minnesota Department of Health (MDH) is doing a study to measure the levels of perfluorochemicals (PFCs) in people's bodies : This testing is part of the biomonitoring program at MDH. Biomonitoring means measuring how much of the chemicals around us have gotten into people's bodies . (Please see the enclosed fact sheet for more details.) 
The MDH PFC study will measure PFCs in 100 adults age 20 and over . We are writing to you about this study because MDH records show that your well was polluted with low levels of PFCs disposed of by 3M. The study will only include people who have been living at their current address since before January 1, 2005. This will ensure that the people in the study were all exposed to the PFCs before water treatments and alternative water supplies were put into place. 

We are sending you this letter to find out how many of the adults in your home are eligible to be part of the study . Please fill out the enclosed form and mail it to IvIDH in the envelope supplied . 

Filling out this form does not require anyone in your home to be in the study. It will just help us to find out who is eligible to be in the study. All information that identifies the people in your home will be kept private. 

From all of the forms MDH receives, 100 adults will be picked at random and asked to be in the study . Those 100 adults will be sent a letter that will explain the study in more detail . The letter will also ask them to be in the study . If someone from your house is invited to be in the study, they can choose whether or not they want to be in the study . 

People in the study will be asked to go to a nearby clinic to have 20 cc's (about 4 teaspoons) of blood drawn. The blood will be tested'for a number of PFCs . Each person that is in the study will be given the choice to have their own test results (PFC levels in the blood) mailed to them or not. All costs for the blood draw and PFC analysis will be covered by MDH. 

Thank you for taking the time to read this letter and for filling out the enclosed form . Please call me at (651) 201-3635 or email me at adrienne.kariQ state mn us if you have any questions about the study . We look forward to hearing from you. 

Sincerely, 

Adrienne Kari, M.P.H . 
Biomonitoring Coordinator 
Minnesota Department of Health 

Si Usted preferiria estos materiales en 
espanol Ilaman por favor 651-2p1-3635 
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M 1 H N E S Q T A 

DEPARTMENT OF HEALTH 

PFC Biomonitoring Project: Oakdale 
Overview 

What are perfluorochemicals (PFCs)? 
Perfluorochemicals (PFCs) are chemicals that have been used for many years to make products that resist 

heat, stains, grease and water. 

Some products that are made using PFCs include : 
" Nonstick cookware 
" Carpets and fabrics that resist stains 
" Foams for fighting fires 
" Food wrappers 

What is biomonitoring? 
Biomonitoring means measuring the amount of a chemical in people's bodies . Chemicals are measured by 

taking a sample of someone's hair, urine, blood, or other body tissue . Scientists are able to measure 

chemicals in the body in very small amounts. But for most chemicals we do not know yet what the levels 

found in people's bodies mean for their health. 

Why is the Minnesota Department of Health conducting the PFC Biomonitoring Project? 

The Minnesota Department of Health (MDH) would like to learn about the 
levels of PFCs in people who have 

been exposed to PFCs in their drinking water . The PFC Biomonitoring Project will help us to learn the 

average levels of PFCs that people have in their bodies. We can then compare these levels to the PFC levels 

for the general population . 

Why did I get this letter about the PFC 8iomoniEoring Project? 
As you may know, the Oakdale city water supply that serves your home was 

polluted with PFCs. Your 

address was one of 500 households picked at random from a list of Oakdale city 
water supply customers . 

How did PFCs get into the water? 
Wastes from the 3M Company that contained PFCs were disposed of in a 

number of landfills in the east metro 

area. The PFCs seeped into the groundwater and polluted many private wells as well 
as some city wells . 

Can PFCs harm people's health? 
Very little is known about the human health effects of PFCs in the general 

population. Studies carried out by 

the 3M Company of workers who were exposed to PFCs during manufacturing 
show no apparent impact on 

their health . Studies on animals have shown some health effects, such as effects on the liver, 
thyroid, and 

pancreas. But it is unclear whether these problems are likely to occur in humans . Research into the effects that 

PFCs may have on people's health is new . It will take many years for scientists to learn whether there are 

links between PFCs and human health . 
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Who is eligible to be part of the PFC Biomonitoring Project? 
In order to be in the study, people must live in one of the two communities that are part of the study . The first 
community is people who live in homes served by the Oakdale city water supply . The second community is 
homes in Lake Elmo and Cottage Grove with private wells where PFOA and/or PFOS have been found in the 
water at more than 0 .1 parts per billion . 

To be in the study, people must be age 20 or older . They also must have been living at their current home 
before January 1, 2005 . 

Why does the study include only people who were in their current home before January 1, 2005? 
The study includes only adults who have lived in their current home before January l, 2005 to ensure that all 
of the people in the study were exposed to PFCs in the water . Starting in 2005, steps were taken to reduce 
people's exposure to PFCs in the water. 

Why does the study include only adults? 
The PFC Biomonitoring Project involves having blood drawn from a vein . This is an invasive medical 
procedure . Federal guidelines state that it is unethical to include children in this kind of research unless there 
is a clear benefit to them. Because there is no clear benefit to children being tested for PFCs, the PFC 
Biomonitoring Project will include only adults . 

How will people be chosen for the PFC Biomonitoring Project? 
Five hundred households will be picked at random from a list of households served by the Oakdale city water 
supply . These households will be sent a letter about the study and a short survey . The survey will ask for the 
names of all adults age 20 or older who have lived in the home since before January 1, 2005 . From the 
surveys that are sent back to MDH, 100 adults will be chosen at random and asked to be part of the study . 

What will the people in the study have to do? 
Each person who agrees to be part of the study will be asked to complete a short survey by phone . They will 
then need to go to the Woodwinds clinic in Oakdale or Woodbury to have 20 cc's (about 4 teaspoons) of their 
blood drawn . 

When will people get the study results? 
Because the process for measuring PFCs in the blood is complex, it may take up to three months for people in 
the study to receive their results. Results will be sent only to those who want to receive the results. 

The results of the entire project will be ready in the winter or spring of 2009. These results will provide a 
picture of the current levels of PFCs in people drinking water from the Oakdale city water supply . 

What will we learn from the PFC Biomonitoring Project? 
The people who are part of the PFC study will have the chance to learn the levels of PFCs in their bodies . 
MDH will combine all of the results to provide an average, range, and distribution of the levels of PFCs for 
people drinking Oakdale city water . 
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Will the PFC Biomonitoring Project tell us about the health effects of PFCs? 
The PFCs study will only tell us the levels of PFCs in people who drank water from the Oakdale city water 

supply before January 1, 2005 . The study will not be able to tell us whether PFCs caused anyone to get sick. 
That can only be learned from health studies that are beyond the scope of this project . 

Will the PFC Biomonitoring Project tell us how these chemicals got into people's bodies? 
There are many ways that people might be exposed to PFCs. Some ways that people might be exposed to 
PFCs include : 

. The drinking water in the east metro area 
Food wrappers 
Household products 
Some jobs 

The study will not be able to tell whether the PFCs in people's bodies came from the water or some other 

source . 

For more information . . . 
To learn more about this study, please contact Adrienne Kari at MDH at 651-201-3635 or 
adrienne.karia,state.mn.us . 
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Si usted preferiria estos materiales en 
espanol Ilaman por favor 651-201-3635 

Date 

Name 
Address 

Dear Name 

The Minnesota Department of Health (MDH) is doing a study to measure the levels of perfluorochemicals 
(PFCs) in people's bodies . This testing is part of the biomonitoring program at MDH. Biomonitoring 
means measuring how much of the chemicals around us have gotten into people's bodies . (Please see the 
enclosed fact sheet for more details .) 

The MDH study will measure PFCs in 100 Oakdale adults age 20 and over. We are writing to you about 
this study because the Oakdale city water supply that serves your home was polluted with low levels of 
PFCs disposed of by 3M. The study will only include people who have been living at their current address 
since before January 1, 2005. This will ensure that the people in the study were all exposed to the PFCs 
before changes were made to how the city's water was treated and managed . 

We are sending you this letter to find out how many of the adults in your home are eligible for the study. 
Please fill out the enclosed form and mail it to MDH in the envelope supplied . 

Filling out this form does not require anyone in your home to be in the study. It will just help us to find 
out who is eligible to be in the study . All information that identifies the people in your home will be kept 
private . 

From all of the forms MDH receives, 100 adults will be picked at random and asked to be in the study. 
Those 100 adults will be sent a letter that will explain the study in more detail . The letter will also ask 
them to be in the study. If someone from your house is invited to be in the study, they can choose whether 
or not they want to be in the study. 

People in the study will be asked to go to a nearby clinic to have 20 cc's (about 4 teaspoons) of blood 
drawn. The blood will be tested for a number of PFCs . Each person that is in the study will be given the 
choice to have their own test results (PFC levels in the blood) mailed to them or not . All costs for the 
blood draw and PFC lab analysis will be covered by MDH. 

Thank you for taking the time to read this letter and for filling out the enclosed form . Please call me at 
(651) 20I-3635 or email me at adrienne.kari a,state.mn.us if you have any questions about the study . We 
look forward to hearing from you . 

Adrienne Kari, M.P.H. 
Biomonitoring Coordinator 
Minnesota Department of Health 

Si usted preferiria estos materiales en 
espanol Ilaman por favor 651-201-3635 
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Appendix C 



Date 

<First Name> <Last Name> 
<Address> 
<Address2> 
<City>, <State> <Zip Code> 

Dear <First Name> <Last Name>, 

The Minnesota Department of Health recently mailed a letter to your home with information about a study to measure the levels of per#luorochemicals (PFCs) in people's bodies . A person in your household filled out a survey about the adults living in your home . We randomly selected people from all the returned surveys to take part in our study . Your name was selected, and at this time we would like to invite you to join the study . 

This study is a pilot project being conducted at the Minnesota Department of Health (MDH). This study will give us information about current PFC levels in people living in Oakdale, Cottage Grove and Lake Elmo. This study will also help us learn about the best ways to gather information on the chemicals in people's bodies . 

Please read the consent forms included with this letter. If you have any questions, please contact Adrienne Kari at 651-201-3635. If you agree to be a part of the study, please sign, date, and return the forms to MDH in the envelope provided . Please keep one copy of these forms for your records . 

To be in the study you must have 20 cc's, or about 4 teaspoons, of blood drawn. You will need to set up an appointment at the Woodwinds clinic in Oakdale or Woodbury to have your blood drawn . Once we receive your signed consent forms, we will send you detailed instructions on how to set up your appointment . We will also send you a set of labels . You will need to bring these labels with you to your appointment . The clinic will collect your blood and the MDH lab will do the tests to measure the levels of PFCs in your blood . 

You will receive a letter with the results of the PFC tests . It may take up to three months for you to receive your results . The delay is because the lab method used to test for PFCs is complicated . The letter with your results will give you a list of all of the PFCs tested for and the levels that were found in your blood . For some of the PFCs we will be able to compare your results to the U.S . general population . For other PFCs that the lab may measure there are no national levels that we can compare results to . 
At the end of the study you will receive a letter telling you about the results of the entire study . You will then be able to compare your own results to the community as a whole . You will also receive a $20 gas gift card to compensate you for your travel cost to the clinic . 

Thank you for being a part of this important study . A member of our study staff will contact you by phone in about two weeks . In the meantime, if you have any questions or concerns please contact me at 651-201-3635 or adrienne.kari@state.mn.us . 

Sincerely, 

Adrienne Kari, M.P.H. 
Biomonitoring Coordinator 
Minnesota Department of Health 
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Participant ID 
Minnesota Department of Health 

PFC Biomonitoring Project 
Consent Form 

Introduction : You are invited to be a part of a research study. The study will measure the levels 
of perfluorochemicals (PFCs) in people's bodies . You have been asked to be in this study 
because you live in an area where there are PFCs in the drinking water. Please read this form 
before you agree to be in the study . You may call 651-201-3635, to ask any questions before you 
agree to be in the study. 

The PFC Biomonitoring Project will be carried out by staff at the Minnesota Department of 
Health (MDH). 

Purpose : There are two goals for this study . The first goal is to measure the levels of PFCs in the 
blood of people who drank water with PFCs in it. This includes people who drank water from the 
Oakdale city water supply or from private wells that had PFCs in them . The study will compare 
the PFC levels of these people to the PFC levels of other people around the country . 

The second goal is to learn about the best way to conduct this type of study again in the future. 

Procedures: If you agree to be a part of this study, the study staff will call you to do a short 
survey . We will ask you to go to the Woodwinds clinic in Oakdale or Woodbury to have 20 cc's 
(about 4 teaspoons) of blood drawn. We will send you directions for how to get your blood 
drawn . We will also send you labels to bring with you to your clinic visit . These labels will be 
placed on your blood sample . The label will have only a code on it. Only the study coordinator 
will know whose blood sample it is . The blood sample will be taken to the MDH lab to measure 
the levels of PFCs. If you would like to receive your results, we will send them to you in a letter . 
It may take up to three months before you get your results in the mail. All costs for the blood 
draw and PFC lab analysis will be covered by MDH. 

Stored Blood Samples: The blood you provide for the study will be used to test for PFCs in 
your body. Any blood that is not needed for the PFC test will be stored at the MDH lab for the 
length of the study. The blood will be saved during this time in case the lab needs to repeat the 
test to check the accuracy of the result . There is a separate consent form included with this 
consent asking you to allow us to store your blood for future research . 

MDHIRB Approval #08-I96 Revised on November 25, 2008 
HE IRB Approval #08 06 002 
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Participant ID 

Risks of Being in the Study: This study requires a blood draw . You may feel a sharp sting from 
the needle used to draw your blood . Sometimes a bruise or small blood clot appears at the site . 
These bruises or clots usually go away on their own . Putting heat on the site can also help the 
bruise or clot to go away. Although it rarely happens, the needle could cause damage to a nerve. 
This nerve damage can cause numbness in part of the arm . You or your insurance company are 
responsible for any follow-up care if you are injured as a result of being in this study . If you 
think you have had an injury as a result of being in the study please let the study staff know right 
away. Some people may feel worried about having their blood drawn. If having your blood 
drawn will cause you too much worry, you should not be a part of the study . 

With your consent, we will send you a letter with your test results. Some people may feel 
worried about their results . There is little we can tell you about what your results mean for your 
health . This study will only tell you about the levels of PFCs in your blood and how your levels 
compare to other people in the country. 

Benefits of Being in the Study 
At the end of the study you will be sent a letter with the results of the whole study . You will also 
receive your own results if you choose to receive them . You will be able to call the MDH staff 
during and after the study if you have any questions . If your doctor has questions about PFCs, he 
or she may also call the MDH staff. The names and phone numbers of people to call are listed 
below. 

MDH will provide all of the people in the study with information on water treatment systems that 
can reduce exposure to PFCs. For private well owners we will provide information about well 
testing. 

Confidentiality: All individual data and personal information gathered for the study is private. 
This information is protected by Minnesota law. Only members of the research study team will 
have access to information that can identify you . You are the only one who will receive your 
own results . All of the information we collect for this study will be stored safely in a secure area . 
The information will be kept in a password-protected and locked database or file at all times . At 
the end of the study, MDH will share the study summary results with you and your community . 
The summary will combine all of the data together. No information that could identify you will be included in any reports about this study . 

Voluntary Participation : You can decide whether or not you want to be a part of the study. Your choice will not affect your current or future relationships with MDH or other groups that are part of the study. If you decide to be a part of the study, you are free to quit the study at any time. If the study staff decides it is in your best interest, or if you fail to meet the study requirements, you may be removed from the study without your consent. 

MDH IRB Approval #08-196 Revised on November 25, 2008 
HE IRB Approval #08 06 002 
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Participant 1D 

Compensation : Once you have met all of the study requirements we will send you a $20.00 gas 
gift card to cover your travel costs to and from the clinic for your blood draw . 

Contacts and Questions : If you have any questions, you can call or email the Study 

Coordinator, Adrienne Kari, at 651-201-3635 or adrienne.karia,state.mn.us . You can also call 

the director for the study, Dr . Jean Johnson, at 651-201-5902 . The toll-free number for MDH is 

1-888-345-0823 . If you have any questions or concerns about the study or your rights as a 

research participant, and you would like to talk to someone other than the researcher(s), you may 

contact Peter Rode of the MDH Institutional Review Board at 651-201-5942 or Dean Huska of 

the HealthEast Institutional Review Board at 651-232-3234 or dhuska@healtheast.org . 

By marking the check boxes below and signing this form you are saying that you have had a 
chance to ask questions about the study, and that you agree, of your own free will, to be in the 
study. You are also saying that you will allow the study staff to collect, store, and share the 
information gathered for the PFCs study as described above. You will receive a copy of this 
consent, for your records. 

1 agree to participate in the perfluorochemicals (PFCs) biomonitoring project 
0 yes CI no 

I agree to receive my perfluorochemicals (PFCs) test results 
17 yes O no 

I give MDH permission to contact me in the future for other research projects 
F: yes ;1 no 

Participant's Name: 

Participant's Signature : 

Date Signed : 

Study Coordinator Signature : 

(printed) 

MDH IRB Approval #08-196 Revised on November 25, 2008 
HE IRB Approval #OS 06 002 
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Participant ID 

PFC Stored Blood Consent 

This consent is to allow any blood that is not used to measure PFCs to be used in future research . Please read this form before marking yes or no. 

Stored blood may be used for these or other types of research : 
" To develop new lab methods to measure chemicals in blood 
" To serve as control samples 
" For other biomonitoring studies 

Stored blood will not be used for genetic research, as defined by Minnesota law, unless we contact you first . 

The stored blood will be labeled only with a code . Only the staff of the MDH biomonitoring program will have information that could identify you . 

You will not be told about any future research . You will not receive results from any other tests done on the blood. 

After the PFC study is over you may ask that the sample be destroyed. Requests should be sent to : Chronic Disease and Environmental Epidemiology 
Minnesota Department of Health 
PO Box 64882 
St . Paul, MN 55164-0882 . 

Contacts and Questions : If you have any questions, you can call or email the study staff. 

Adrienne Kari Dr. Jean Johnson 
Study Coordinator Program Director 
651-201-3635 or 1-888-345-0823 651-201-5902 or 1-888-345-0823 
adrienne.kari state .mn.us iean.iohnsonastate.mn.us 

If you have questions or concerns about the study or your rights as a research participant, and you would like to talk to someone other than the study staff, you may contact Peter Rode of the MDH Institutional Review Board at (651) 201-5942. 

1 agree that my sample may be stored at MDH and used for future research . I understand that I will not be told of that use or the results . 
0 yes 0 no 

Participant's Name : 
(printed) 

Participant's Signature : 

Date Signed : 

Study Coordinator Signature : 

l 
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Participant Study ID number 

PFC Biomonitoring Project 
Phone Call Survey 

[Once a signed consent has been received the letter detailing which clinic to call and a set of 

labels for the blood sample will be mailed out to the participant. A phone call will also be 
made to reiterate the instructions in that letter and to obtain some demographic information 
not obtained in the recruitment survey .] 

MDH: Very briefly I have a short set of questions that I need to ask to complete our 
questionnaire for the study . This information will be kept private, if at any time you feel 
uncomfortable you do not have to answer the questions . 

1 . Have you ever worked at 3M? F1 Yes 0 No 

If No skip to question Z. 

I a . Have you ever worked in Perfluorochemical Research or in a 

Perfluorochemical Research Facility? 
[]Yes 0 No 

l b . Have you ever worked in Perfluorochemical production facility including 

3M Cottage Grove? 
IlYes 0 No 

2 . What type of water do you typically drink? 
V unfiltered tap water 
0 filtered tap water 
10 bottled water 
0 other 

3 . What, if any, water filter or treatment device(s) are you currently using for drinking 

-and cooking? (mark all that apply) 
0 none, no filter or treatment device used 
0 whole house carbon filter* 
0 none ; use bottled water only. 
0 under the sink carbon filter* 
-D kitchen faucet filter 
0 reverse osmosis (RO) system 
0 pitcher filter (i .e . Britta, Pur, etc .) 
D not sure 
C7 other, please describe : 



4. How would you describe your ethnicity? 
0 Non-Hispanic White 
0 Non-Hispanic Black 
0 Chicano/Latino 
0 Asian-American 
0 Native American 
0 Other 
0 I prefer not to say 

If Participant is female : 

5. Are you currently pregnant? 
Eyes 0 No 

If no skip to 6 
5a. Are you more than 7 months pregnant? OYes 0 No 

(verify this won't interfere with completing study) 

6. Do you have any health conditions that would prevent you from having your blood 
drawn for the study? 

0 Yes G No 

7. How would you describe your health? 
0 Very Good 0 Good 0 Bad 0 Very Bad 

That concludes my short survey . 

To complete the blood draw you will need to go to either the Woodbury or Oakdale 
Woodwinds clinic . To schedule your appointment at the Woodbury clinic you'll need to call 
651-232-6700, the clinic hours are from 8:00 am to 4:30pm . To schedule your appointment 
at the Oakdale clinic you'll need to call 651-326-5300, the clinic hours are from 8 :OOam to 
4 :30pm . When you call to make your appointment please be sure to tell them that the 
appointment will be for the Minnesota Department of Health PFC study. 

You will be receiving a letter in the mail with directions to the clinics as well as a set of 
labels for your blood sample . Please remember to bring these materials with you to your 
clinic visit. 

Do you have any questions about the study for me? 

And don't forget to look for the letter we have mailed out with the instructions and labels for 
your blood draw . Please, don't hesitate to call us with any questions or concerns . 

Thanks for your time! 
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Date 

[First Name][Last Name] 
[Address] 
[Address 2] 
[City], [State] [Zip] 

Dear [First Name], 

Thank you for agreeing to participate in the study and returning the consent materials . To 
complete the study you will need to have your blood drawn at a local clinic and answer a few 
brief questions with one of our MDH staff. 

If they have not already done so a member of MDH staff will be calling you to give you 
directions on where to go to have your blood drawn and answer any questions you might 
have about the study . During that phone call they will also ask you a few brief questions . 
You may also ask any questions that you have about the study . 

To complete the blood draw you will need to make an appointment at either the Woodbury or 
Oakdale HealthEast clinics . The HealthEast Woodbury clinic is located at 1875 Woodwinds 
Drive, Woodbury MN 55125, please call 651-232-6700 to make an appointment . The 
Oakdale HealthEast clinic is located at 1099 Helmo Ave NE, Suite 100, Oakdale, MN 55128 
, please call 651-326-5300 to make an appointment . You are free to go to either clinic ; you 
only need to go to one clinic to have your blood drawn . Please go to the clinic that is most 
convenient for you . 

Included with this letter are the labels that will be attached to your blood sample. Please 
bring the labels and this letter with you to your appointment at either HealthEast clinic . 
MDH staff will pick up your blood sample from the HealthEast clinic and bring it to the 
MDH laboratory for analysis . You will receive the results from the analysis within three 
months, if you agreed to receive the results on your consent form . If you have any questions 
please call me at 651-201-3635 or email me at Adrienne.karia,state.mn.us . 

Again, thank you very much for your time and participation in the study! 

Adrienne Kari, MPH 
Biomonitoring Coordinator 
Minnesota Department of Health 
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Date 

Address 

Dear <Name>, 

Thank you for being a part of the Minnesota Department of Health's Perfluorochemicals 
(PFCs) Biomonitoring Study. We are grateful for the time and effort you gave to the study. 

This letter is to give you your results . The table below shows the levels of PFCs found in your 

blood . The table also shows the average levels and ranges for the United States, when known. 

Perfluorochemical (PFC) Your Level U.S . Population* U.S . Population* 
(nglmL) Average Level Range (uglL) 

u 10'h to the 95' percentile 
PFOA 3.9 1 .9-9.8 

PFOS 20 .7 9.8-54.6 
PFBA ** ** 
PFHxS 1 .9 0.7-8.3 
PFBS ** ** 
PFHxA * * * * 
PFPeA I ** I *'~ 

# The levels for the U.S population are based on results from the National Health and Nutrition Examination 

Survey (NHANES). NHANES results are from a random sample of the U.S . population (age 12 and greater) 

taken in years 2003-2004. 
**NHANES does not report an average or range for this chemical . 

Just because people have a chemical in their blood does not mean that the chemical 

causes disease . Research on PFCs and people's health is new. So far, research has not 

shown an increase in the risk for disease from being exposed to PFCs. (Please see the 

enclosed booklet for more information about PFCs and health .) 

Once we have analyzed all of the data, we will send you the study results . This will allow 

you to see how your PFC levels compare to the PFC levels found in the community as a 

whole. 

If you or your doctor have any questions about these results or wish to further discuss these 

results, please call me at 651-201-3635 . 

Thank you again for being part of MDH's PFC Biomonitoring Study . 

Sincerely, 

Adrienne Kari 
Biomonitoring Coordinator 
Minnesota Department of Health 

95 



e 
Fr 

0 

w 
W 

z 

o b'' n 

x 
J 

W 
x 

0 

W 

ee 
4 
d 
W 
b 

~-PA o o 

. 
o 

Cct ~o~ >o 
i 
c .° 

' c°~t ~ o v 

oa c .a 

ir .u +~ 

~_ `c ~00 W z 00 .C! 

O 
L~ Q W 
a , ~ ~ 3 O 

. O 
0 . 

. 
c 
W 



0 0 

`" `° `.r~ w ° a ~ ° `a o 
>° 

U 
o r.Uz. ' ° u a ° o ~ ,~ ~ o o ~ w Z 

c a ~ c, o ~.. y , 4e w a o p c . ~ s. co w C 

4;. ~ v) .~ ~ o -~ ~e o ~ o~o ~ , ̀ ~ 
0 cc 

' .. ~ a- a~ c~'a o ~ ;? .~ a~ 4.) 4° 
U-v 14" L n~ti ov "~~ ai >, ~ o ~ ~ ~ a y 

° o a3>b= °~' y'~ oc o 3w s p °o ~ .. " w c wy .$-o,.,z°E 
° o -° >m c, s ~, >-~ o 

a~ u o ~ y W ~ ~ s 4~ ~ c 
wU'y ~ c_ o >°, ~s~ ~ °s .a o 

° 
0 -° 

° bo ~ s ~ 3 a. a u ' 
rn y 0 'b y vi ° OA ~ ~ ~ L y ~ ~ F. ~ ~ A 

t3~ ~ .C V~ i~ ~ r~ " y,~r, C ~ ~ y ~ c~ +~-+ L° L o 
rs+ a~ N O . ~ ,+ ~ o ° a' -- ° ~ *ss 

> a y 
0 

~ ° s = ° ~e 
Qul r. CO 

°-' ~' o ~ ~, a 
o ~ s a w ~ - s a e,( ~. 0 4. a~ . C ~ a~ IL CA rn 

a . .r¢s ia Cd r- U '~ c~as 3 
o y ~ ~ o $ o "o ~ ~; a? o ~ a~ ~ ~ 0 o 

w E-~ o~,,~~a"4-,~~~ o c o~~3x .~° 
a~ o s 

En 
L~ 
W Cb 

t9 
cis 

U a~ 0 E p� U # O. Q. "~ O ~ ~ h ,V o ~.. k o a~ X~e a~ u z ~. a~ o ~ o .o ` F-+ :o a. cn o a~ y ~, a~ v s cm s v v ~ 4." 3 ~. 3 ~ ~ 4-, y 

u 
> c 

' `~ s -10 a 9 o 'd G4'., ~ -0 
a~ ~, c~ 4: s ,... ° " 

o. U ~ c~ ~ a~,, o 0 ~ 3 
4) cd i, 'C7 cd +~ 0~ 

" y ~ L " '-~..,+ N .1+ to lO C~ y ~ .S-'r C 

f.1' L,UL, p O V 
w 0 

. ~ ~~ ~ LC ° 
~ Ir4~ 

"a co 
.=' 'C y " 

cm 
c''+ ,ca 7 -b " ~ y ~ ° '~ w_ ~ ~ :C9 w 3 O '" H 0. 

a"' `n p vi O ~ O -~ ~ = ~ ~ U .U U ° y 

U ~ +~- 'TS N 
O" N cd U a f~, ~ U CU p ~ a~ ~ ~ V yZ'~ pq ~ (i, 

y ~ ~ ~ ~p, ° . N '~ ~ " y 4"' ~ O O O O a O O 44 co c3 y ~ '"' (~. 
U "~ >' y tt7 p� C C > 

OA o r- cd y ~"' O G O O O O O y ~ C C a ~ ca ~ .~ .~ a~ v~ U y~� y -_ -d ° 

.Cd °' 
to ~ o ° a v .M i 

w ~ ~ ~. $ 
° ~ ac ;? ~,o-a~,`~ ac ro~ UE-~ . b 

a 
~UcnQ x~QQv~ ~ d V Cz c ~ .1e 0 L ~a00xxc~.OaCC °O 

... o ~: a~ a o ~ to a~ � w cx, w w w s.~. w 
w 4° 

E ZwUwcz.rJ,. 
s ~ co ~ p s s '3 a-, E 3 va z 



3 y t~ ~ ~ O N O O 

soo ~~u .~ "Ey 3°' °a~ o~d " u 
w 
o 

'"' 

0 0~ C " r O N C V ~ ~ ~ C V ~ ~ +' N ~ d O 

v, .,c v ' 

CL 
0 `O ~ ~ y ~ ~ . _. 

rn vl C. y C ~ ~ w 3 W ~ ~ c~ waS 

ED Eo os "a~u~~°~'~'~X xQo~o a~ a~ ~ "~ y a~ u 
,~ E ~ It .~ ae c = ~s ~~~ "a? ~, `° °" ou~ o o .C ¢q" ~s ~ .ro ~ ~ o ~ a. 

,2 
o y ~5,°~ ~ ° ~°' `° ~ ~ ~ ~aw ~ O " ~ ~ > f.i 'L . 

m ~ o ~ 3st .'?4.' > ~ °4 u C: 0 a.~ ~ ~' i u w'~ ~ ~' ce 
E 0 0 (Qj a sa ~~a ~~,~ aew~~ auo~o .. d ~ y ~, v 3 0 ._ N-o o ~,~ :,~ o .~ ~ o to 46) 

4) 

H s °~ .5 ~ o >, o 
>, ~ 

O SO ~ .~ ed ~ y y O 
Ca L . V ~,, L" (~j rn " C~ G 

0 , U ~ ~ ~., 0~ ~ ' O a ~ y0~" ~ ' O N +.. 

S'. ~ s^ ' C O O .C 7 Cd ~ O CC C Oy' 

o = w E-i 0 ca E- c~ "v O .-,a a s O v ~ H H ~ ~s `~ a~ 

d 
r.C + 0 

0 
V 

3 

O 

O 

a a. 43 
o 

O p, CL LL 

e Q, 

V 

m >1 y 

Q+ ~,+ .- L~ 
~+ .i 
0 ._ Li 

~'oe 

°'U?aj 3 

0 

o Q ad 

i7 f~/1 '~ 

41 

ca `~ 
I 

U ̀Ci 40 O 

'd 

r O 
N 

tC cis 
o 
~ 7 " - 
V; 0 

y 

E .c °- 

~ 3~ 

.~ z ~- 
N 

E a cn "_o ~ r. 
C 0 " 
O .~ a . 

=a ~i 
c, o 0 
v~ '~ °' 
~ " c . 13 

~z~ 



p. 95 

a> _>, +r 

> as oSd 
,~ ~~°~ . ~3~ ~~ c.°°~ c yc~~ rA w° ~' c-° >" x a~ o~ ' h ~ .c y E ° = in ¢ w ~' i ca `~ '., 3 ° ° 

O ° f+ +�O+ ° O co = °'°°Q~ 
U 

4- h.. 
a~~'~ aeogo C°U-0 ° 

C E 

.° 
a 

° ~ ° o w ~ 's~y ° ~ a ~ 's' o ~ ~ -° m 9 0 
°`'~ ~'ESwo ~~?w~ 

w ~m .~'oNo o~ ~3c°~ia,3 o .0 .° 
O ~ m , c~ x w rn ~ t~. ~ eV ~ w 
C!~ ~n ,= L c~ C ~ O ed F y ~ v~ y~ v \O U ~ ~ ~ ~ td > 'O 

° ,o ° b 
Op w o o CZ c C.) = c u, ~ as~ ~N3° -°Ua~~ w. o -' o 

e 
~. .. O U 

V '~ ~ c~ . ~ ~ .a =v ~ ~, °~' ~ ~ w - 
v~ U O O c~ w 

-v~ ~`o ° c o 0 .~ ~-~° ~ y i °~ 3 ° 
C ~ a> cd O ed " ~e ~ a~ -c~ ~ ~ bo v' 

c " 
.~ ~ $ U o 

._ ~ ~..`a3 0 ~s~ .~ .~ °'c 
~'~ d ~ °o~ ~ 

0 
° 3s u ~ ~ .~~ `is v E ~~ ~ ~ °L's ° 

c~~d p p ~.U+ ..~ °° c~d ~ .~ v ~ O 
~ 4-. 4° 3 d 3 m 

c~` v ~e '44 v .cri ~ o h i CA u -0'2 ~v~c ~ ~,$ ~' 3~ ~o C) co 

~ ~ ° ~ ~ a., .aa ~ y ~ ~ ~ y ~ ~ o ° ~^°~ °°~, ~.c aaoasw . w .°v~'3 = v ~ s: ,O V. cj 42 o c T ~ i ~ ~ .n ~, 3-c o °w° 
u. . ~ cc ~n 4 -6 2 ~ y . ° ~ C ~,U, .O `ww U ~ 'CS U --" 

uU� ~ c,. . U ~ a> 'O o °~ o U U ~- ~ a~ ''° v~ 
a ' 

(A 
o 

0 
o ° `° o E 

w ~. a ~ P. C, >, z,0, tV ~ 0 ̀ '" .r f~, 
. 

o ~ .~ ~~ ~ o Uv°~ .~ ~ ° co x y ° °'b~~cd > ~ ~ °~ ~ i 
a' U cd c~ 

C ~n ~' ~ ~" L s N 
22 

h V . ~ ~ -,4 ,, -o i w 

a. o , o ° A. r~ c w 
v o~~ .~~o s ~~ 9z = 

d 3 U U y ~ 4=+ y, dS U ~U.. c~ O '~ �O ,~. ~+ ® ~ U ~ O N ~ ° ~ > y ~ ° .~U rn a o ° °~ ,~ u~ ~~ ~ o 0 a~ - '° ~ ~ w -~s a °~.' 3 ^ $� ~ '--~ a ~ ~ ~' v.: ° '° ,c > 
~ `° o w a~ ~'T7 ~ 0 o a Qn M c c y " ° ~ .c °1 ca ~ ~ ~' a~ ~n ~ v ° 
c) ~, .5 °~ ~ ed ~ ° ° c ~, 

o 
° tj U. :3 O ° ° ~ ~, ° n ° ~'Q ~ >,y s .~ c . 

Q' O ~ ~ V ~ ̂~ ~ a 'd . S = C4 >1 o c 2 U 0 a 0 o 93 v» ..° = 0 S ~ .c=0 W ::aaw,, 0 rA v s °u 3 



p. 96 

o" 
o 0 0 ~ < fi > 

o r~'" o. (~ `-~° a. "a Cc ~ n ° =; ~o ? .+ aa 

° 
ce O° o" a o c~n 'o °- -0~ yco :~ o ~' a, co co " . Q ° co -- ~ o 

m< 
a c g ti -a 'o a ~ _ ~ no ~ ~ 

0 

^ ° ~ ~ c co a, -- ,.. 

a~ 
a~ o °c F ~ P* w 

0 0 o n 
w °' 

c o ~ .o0 .. o, 
con 

° 
= '~f ~ =+ ' y o '.. ° ~o 

y a 

°" 
c 

., ~. ~ ° ~ b 00 ~ o aa ., w ~ ~ ~' m m o" << 
c°o ~ ° c c~o 2' "'' 3 ~ a ir or . ~' o 

Ct ~ 
~ ¢° 

< 
o 0 

° 
Wo ~ ~. :~ 3 o a~~`a`~cye o<oa~=o' m '., c~ 
~ 
~ ~s; (IQ 

c, .'sro ~ ~'~' ~ ~ c~o~ o ° ~~ o e ~ . ~ o ~, 
o ~ ~c a ~,-c°'o °o 

CD ~~°o ~ ^,x ~ p~'a.CD o ^ p� m io a ^O ~ O ~y . 
4 .a° o ag°'c_s -d ~ ro 

< ~' u~ ^s O ~. CD C~ 
`~ c~,o ~ v' . _ °' CD o ~ 

o 
%+ 

y 

o ~ ~ as o o R ~ ^' o 'T1 .O co ^~ a ~ ~,' ~ m c W. ~G < co e. O s 0, 
0 ~ cn ° co C a, c "` o . C~ 

. {~p ~ C+ C~ y ^'7 ~ Vi ~ f9 '~ ~ ~ ̀a .-r ~ . (np C9 ."y' Cl' y rr 
G" G" D ~ ~ ~ ~ G. O QQ f~ ~' ° ~ (D . .. O ?' a O O ~ ~ ~ C~ 

. .. '+ %e co _~ a N <' ~ cc, 
C, 5, o x ~ .'r+ o ~ s ay ~ Q'' 

~D 'i3 r h -11 ~ C "~- ^ " 
. 

y (D ~ a pa°o o 
tn Vi C c sp O C'~ rxi co ~ ~n S ~ `e <' -, to 

aa ~ t,, co ° F rn Cp O .* c~ 'O 
°ooa ~ y o z~ ~.o~,~ a~ ~ ~ o 0 ~ c~~c ~ o 
A1 'LS 'S3 0 .- " G. '..7 Cp ~, b ,. .h 

o ~ y :~+ ~ 9 '~7 0- O co 0 o~ ~ o- c~ '. r, ce w 
~ Yo . 0%- 0 r, om ~-" - ~° ?" ° 

81 c 
° o c~e =; ?". H rn 

go cr 

v~a~ m ,b° < ~ ~ <~~~ S~.m ~ °' ~ k y " = ̀~ ~ ~ o - '°o. < .~ y w ., ..~ o a: v~ ° ~ o co ~ Q,, c ~ " ~o ~ ' ~-' o 0 

Y "o»~o~'~ ~ y~°ma. ~a" oa.°.-"°o'~e ~"vG~~°c~~ o ~ �a a 
o ~ m ~ ~ c~ a; ~' co 

°" S g c ~ ~° `° ~* ~ c°°e ~ ~ ~ c. y ~_ °' ,~ cn ~ ~ ro -o° 0 

o ~° ~ ny o ~ ~ g'~' ~`< to ..co co 
~, 'b y a < "° ~ ~. ~, ti ' .. c ~,'$ ~ g y' }g w .a ~ H ~ ° "o '21 

OD 
C~ ss. 'b ~ 'o 0 0 a, a° co ~ 0. ~ 0 v~ ° c~ v~ ~° a 0 0 ~ X 0. 

~ ~ cD X '' O ~E P~ ~`p ,.~, ~ r. ,O� n Ay G ~n 'TJ ~. C .~ 0 o m ~ c "M c 3 0`~ ~c~ e CD a~~-, ~ ~ o ~ y a. 

Vf 

o ~'~~ ° ~ ~ ~ 
0~

°

' 

' n_, C V S ~p 
t7Q" ~, 

0 
, 

o 

~ y 'L! a ~3. a~

~ 

~ n ° 
g~a yo~~o m~e~~(~ Or-°ydp~~,~ `n~a~ 

~E; .9, ~5' CD , 
y 6 ° V ° ~J tC d ~-t 

~ r(p-'T ~- ~ R ~" 0 
-h 



p. 97 

o~o ~a o X °cya ~ 
`" 
o o Rl" R", 

,2 0 "C ~° ~ ~ o co 
nJ ~ ~ w ~ �~o� ~ ~ ~' I; ~ o Q 

'° . N CD ~, c,, cu " . o s ~ o o ° y o 
0.0 

o~o ° ̂o '* =. .-' o 
o 

S' A O �, !~ ~' ~ (9 

g. q 
< m 

O ~ `E~ ~ (CD C- ~ .a.* 
,. . f~ O O 

O C' ~ O O ~ W~ p 
~z 

lr~ 

`,~ O_ 

< v~`° y n~ ~'-~~ 3 
co 
~ o a CA ~ 3 

- 
0 0 ~s~w 3.CD 
ua ~ f ~ `° o . 

. ° ~ o~ ~ r~o ~' 
o `_~' 'T~ io 

N 

° 'n ® 
o ^ '~ n_ Q' 

K 

~ " CD t9 ~ 
f9 Q 

d. CD .~ 
Q. 

M'--NcM 
o C~7N cbo ~'~ o 'y 

~ s3 = a ° ~ m 
oo ~z~.~~ ~ ~ o w _a o 0 

`~°. ~. c~ ° 3 o : a ?* o' ~, ~ °'-* ~° m 
.~,occ°~o~ ~Z2 ~ ~ U., o ~ ~o ~ y En - dc~ y o -~ ova 
w � ~ co c'~' to ~ c ~ ~ 
o ~ ~ ~' :; 

o ~ oo o y0j° ̀~ ~ o c 

~' °x= ~ o 5 ~ ~ ~ 
°b ~ ~n ~ aN °ooy~ ~ a ..zzo ~ .". 3' 
° O 'T~ o co r.' ~ cTs a'' o ~ '-d 3 

Its f~ W 

C) 0 

O P~ p ̀ sN m_ ~C ~ C 

G. ~ ~ p ~ (') O fl- " 

V1 `~ S O -r'� s' ~ L' 

o o `° 
A O' 

n in - 0 
¢ -P O p?, a' ~ ., ~ ~ ~ ~ cl, y ~ O 

o °o ~ a c. z 

o a 

' A ~ ~ Q '~~" 


