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ABSTRACT

This is the second interim report for an ongoing study, to determine the serum half-life of

several fluorochemicals in humans by obtaining and analyzing multiple serial blood

samples from 27 Decatur and Cottage Grove fluorochemical production plant retirees. A

first interim report, issued in June 2000. suggested the serum half-life of PFOS in humans

was likely in the range of 139-640 days, four-fold lower than the previously estimated

range of 1000-1500 days (data derived from a different population of 3 workers_. The

serum half-life for PFOA in these 27 retirees appeared to be one year. However. the

initial interim report was subsequently discounted in a 3M letter to the U.S. EPA. which

noted that the first interim report analyzed the serum after each collection period with

only one measurement per time period. In an effort to minimize experimental error,

including systematic and random error in the analytical method, we initiated a more

definitive analytical study on nine of the original 27 subjects. Serum samples collected

from each of the nine subjects over four time points (to-t3) spanning 180 days were

measured in tfipiicate, with all time points from each subject being analyzed in the same

analytical run. ""

The results from this second interim analysis suggest that the mean serum half-life for

PFOS was 8.7 years (SD = 6.1; range 2.3-21.3). The mean serum half-life for PFOA was

4.4 years (SD = 3.5; range 1.5-13.5). The mean half-life for PFHS, which was deferred

in the first interim report due to inconsistent results, was an uninterpretable -2.27 years

(SD = 23.1; range -47.63-30.12). Half-life estimates for both PFOS and PFOA remain

higher than those reported in laboratory animals.

This self-consistent data-set based on triplicate analysis of nine retirees allowed for an

estimation of the serum fluorochemical half-life for PFOS, PFOA and PFI-IS with several

caveats. Chief among these limitations are the following: no effort was made to

determine or control for retiree re-exposure to PFOS, PFOA or PFHS during the study

time-period, although retirees were not present in the production plant. Second, because

PFOS is a metabolic product of compounds known to be present in the subject's blood,

PFOS is possibly being produced in the body during the course of the study. Both "
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exposure to, and metabolic production of target analytes will lead to artificially long half-

life estimations.

We will continue to collect retiree serum samples from the 27 subjects on an annual basis

for the next two years. The samples will be stored frozen (-70°C) and not analyzed until

sample collection is completed. At that time, it is our intention to analyze all study

samples, be_nning at to, during the same analytical run to assure that any experimental

biases equally affect every serum sample. We do not foresee any further interim reports

until the sample collection and laboratory analysis are completed.
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INTRODUCTION

In May, 2000, 3M announced that it would voluntarily cease producing the parent

molecule, perfluorooctanesulfonyl fluoride (POSF) and its related products due to

concerns about biopersistence and widespread exposure to human populations and

wildlife (Hansen et al, 20001; Giesy and Kannan, 2001). These POSP-related products

contain chemicals, either as intentional components or as impurities (residuals), which

could degrade or metabolize to perfluorooctanesulfonate (PPOS), a compound that

apparently does not undergo further metabolic or environmental de_adation. PPOS and,

in particular, various alkyl-substituted perfluorooctanesulfonamido compounds have been

utilized in a wide variety of industrial and consumer products. In addition, 3M has

manufactured salts of perfluorooctanoate (PPOA) and perfluorohexanesulfonate (PFHS)

for industrial uses. These chemicals may also be found as residual impurities in POSF-

related products.

Substantial toxicology and epidemiology research has been conducted on PPOS

and PFOA (3M Company, 2000; Alexander et al, 2001a; 2001b; Butenhoff et al, 200i;

Gilliland and Mandel, 1996; Kennedy, 1985; Kennedy et al, 1986; Olsen et al, 1998;

1999; 2000; Seacat et al, 2001a; 2001b). As the primary objective of this study was to

quantify the serum half-life of PFOS and PFOA in humans, a brief synopsis follows

which describes the pharmacokinetics of these two chemicals.

Perfluorooctanesulfonate (PFOS)

In animals, PFOS distributes predominantly to the blood and liver, with liver

concentrations being potentially several times higher than serum concentrations,

depending on species and dose. After male rats were given single iiatravenous doses (4.2

mg/kg) of _4CPFOS it was found that the carbon-14 in liver and plasma represented 25



and 3 percent of the dose, respectively, after 89 days (Johnson and Ober, 1979; Johnson

et al, 1979). During the 89-day post-dose period. 30.2% of the administered 14Chad been

excreted in the urine and 12.6% had been excreted in the feces. Whole body elimination

in the male rat appeared to be biphasic. Initial redistribution from the plasma yielded a

plasma elimination half-life of 7.5 days. However, 89 days post-treatment,

measurements of 14Cindicated that the half-life of elimination exceeded 89 days in the

male rat. Significant enterohepatic circulation was likely as cholestyramine administered

in the diet to rats after a single intravenous dose of PFOS increased fecal elimination 9.5

times over control animals (Johnson et al, 1984).

In another study, cynomolgus monkeys were dosed by oral capsule with the

potassium salt of PFOS at dosages of 0, 0.03, 0.15 and 0.75 mg/kffday for 182 days

(Seacat et al, 2001a). End-of-treatment PFOS concentrations averaged 0.12. 15, 75 and

172 ppm in serum and 0.12, 20, 64 and 334 ppm in the liver. Liver-to-serum PFOS ratios

were comparable in all dose groups, with a range of 1:1 to 2:1. The serum PFOS

elimination curves appeared to be multiphasic at the 0.75 mg/kffday dose whereas at the

0.15 mg/k_day dose elimination curves appeared more linear (0.03 mffk_day dose

group was not a recovery group). Toward the end of the one year recovery period, the

slope of the two recovery group elimination curves were similar suggesting that the

PFOS elimination half-lives were approximately 200 days for both dose groups. Liver

PFOS concentrations decreased in the same proportion as the serum concentrations.

Liver to serum PFOS ratios showed no dose-related differences. Thus, the whole-body

PFOS burden elimination rate was estimated to be proportional to the serum and liver

elimination rates, in agreement with kinetic studies in the rat (Johnson et al, 1979).



Ammonium Perfluorooctanoate (PFOA)

Excretion rates of PFOA have been observed in rats. and found to be different by

gender and route of excretion. Following single intravenous doses of _'C-ammonium

perfluorooctanoate in rats, Johnson et al (1984) reported that females excreted virtually

all the administered _4Cwithin 1 day. Urinary excretion for males was about 50% of the

dose by day 6 and 83% by day 36. Fecal _4Cexcretion for females was 1.5% by 3 days

and for males was 5.4% by 36 days. Rapid urinary excretion of 14Cfollowing oral doses

of !4C PFOA was also shown to occur in pregnant rats.

Excretion rates also varied by species studied. Dupont studied excretion of

radiolabeled PFOA in four species (DuPont, 1982). Excretion as a percentage of

administered dose 120 hours after dosing was in the following order; female rat. male and

female rabbit and male hamster (>99%); female hamster (60%); male rat (39%); male

and female mice (21%). Of note, the administered dose and routes of exposure and

excretion were not specified in this study report.

Rats and dogs responded to cholestyramine administration that increased PFOA

excretion rates (Johnson et al, 1984). In male rats administered single intravenous doses

of 14CPFOA, cholestyramine'(4% w/w in feed) increased cumulative 15-day fecal 14C

excretion 9.8-fold versus controls. Total _4Cexcretion (feces plus urine) was also

•enhanced (84.3% of dose vs. 71.8% for controls). There was no difference between the

renal clearances of '4C in male and female dogs either before or after probenecid.

Glomerular filtration rates of PFOA were similar in rats and dogs. (Hanhijarvi et al.,

1982)

Elimination half-life has been experimentally determined in rats, dogs and

primates. In rats, experimental results showed the same differential elimination rate by
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gender (i.e. female>male) as well as half-life differences by route of exposure. Following

a single oral dose of _4Cammonium perfluorooctanoate in male rats, the plasma half-life

was 4.8 days (Johnson et al. 1979). In female rats, over 90% of the intravenous dose was

recovered in the urine within the first 12 hours. The whole body elimination half-life of

PFOA in male and female rats was 15 days and less than one day, respectively, following

a single 4-moJkg-intraperineal dose (Vanden Heuval et al, 1991). The half-life of PFOA

in the liver was 60 hours for female rats and 210 hours for male rats (Ylinen, et al 1990).

The decreased excretion rate (i.e., increased elimination half-life) in males was also

observed in dogs. The plasma half-life of PFOA was longer in male dogs (473 to 541

hours) than in females (202 to 305 hours) (Hanhijarvi et al., 1982).

The elimination half-life appears to be similar in male rats exposed to either

inhalation or dermal exposure. Following repeated inhalation exposures to PFOA over a

two-week period, blood organic fluoride levels in male rats showed a half-life of five to

seven days (Kennedy et al., 1986). A blood half-life of five to seven day's was seen

following repeated dermal exposure in male rats (Kennedy, 1985).

Male cynomolgus monkeys received daily oral (capsule) doses of 0, 3 10 and 30

(reduced to 20) mg/kffday of ammonium perfluorooctanoate for 26 weeks (Butenhoff et

al 2001). Dose-dependent increases in liver weight occurred in all treated groups. Body

weights were decreased in the 30/20 mg/kg dose group. Serum PFOA concentrations

were variable, reached steady state and cleared in weeks and was not directly

proportional to dose. Liver PFOA concentrations were also not directly proportional to

dose and cleared within three months. At a six-month recovery sacrifice, the two 10

mg/kg monkeys had liver PFOA concentrations that returned to control levels. During

the recovery period, serum half-lives of PFOA among the 10 m_kffday dose group (only

treatment group in the recovery period) was estimated at less than 30 days.
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Human Data

Although it was reported that the serum half-life of perfluorooctanesulfonate

(PFOS) in humans may range between 1000 and 1500 days (Olsen et al 1999), this

estimate was based on just 3 subjects with high variability due to different assays used

over time. Published serum half-life of PFOA data is even more limited. Ubel et al

(1980) reported an approximate half-life of 18 months for one ammonium

perfluorooctanoate production worker whose serum organic fluorine level declined from

70.ppm to 40 ppm. Because of these limited data, a study was designed to quantify

serum half-lives for several fluor0chemicals, including PFOS and PFOA from retirees of

the 3M Decatur and Cottage Grove fluorochemical production plants. A first interim

report was issued which suggested the serum half-life of PFOS in humans may be less

than originally expected (Burris et al 2000). However, this report was subsequently

discounted in a letter (Zobel, 2001) to the U.S. EPA which noted that the first interim

report analyzed samples collected from each subject at different time periods with only

One measurement per time period. A more definitive analysis was designed to analyze a

subset of the serum samples from each time-point in triplicate, with all time points from

each subject being analyzed in the same analytical run. This self-consistent data-set

would then allow for statistical evaluation of the precision of the measurement and assure

that all systematic error inherent in the assay equally affected each sample used for half-

life determination. The purpose of this second interim report is to present these findings.



i

METHODS

_' This is the second interim report for this ongoing study and summarizes the study

activity from November 1998 (to) through May, 2000 (t3), a total of 4 measurements over

an 18 month time period.

The overall research design is a prospective experimental study that obtains _

multiple serial blood samples from retirees throughout the course of a five-year period.

Initially, the serum half-lives of seven fluorochemicals were considered: PFOS. PFOA,

perfluorohexanesulfonate (PFHS), N-ethyl perfluorooctanesulfonamidoacetate

(PFOSAA), N-methyl perfluorooctanesulfonamidoacetate (M570),

perfluorooctanesulfonamide (PFOSA) and perfluorooctanesulfonamidoacetate (M556).

However, most measurements of PFOSAA, M570, PFOSA and M556 were below the

limit of quantitation and thus did not lend themselves to half-life calculations. Therefore,

'_ these four fluorochemicals have been discontinued for subsequent assay analyses.

Study Participants

Twenty-four Decatur, Alabama retirees have Voluntarily ageed to participate in

this research effort involving multiple serum sample collection cycles. The retirees were

invited to participate based on having prior work assignments in the chemical division.

These participants were eligible for study selection if they retired from the 3M Decatur

Chemical Plant between January 1, 1995 and January 1, 1998. Thirty-four individuals

were initially identified and 24 individuals (71%) a_eed to participate in the study. In

addition, three retirees from Cottage Grove Chemical Division were invited to participate

for a total of 27 study participants. Informed consent was obtained from each study

_w, participant prior to study initiation. The majority of the twenty-seven participants were
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male, only two were female. All participants were long-term 3M employees having

worked an average of 28 years at either the Decatur or Cottage Grove Chemical Division.

The average age of the participants at the time of the first collection (to) was 60 years

(range: 55-74). The mean number of months from retirement to the start of the study was

30 months (range: 5-130 months).

Sample Collection and Intervals

To date, there have been five collection periods for the Decatur retirees:

November 1998 (to), June 1999 (h), November 1999 (t:), May 2000 (ts) and February

2001 (b,). Cottage Grove retirees have participated in four collection periods: June 1999

(to), November/December 1999 (h), May 2000 (t2) and December 2000 (t3).

The study participants were notified by letter of the sampling dates. Decatur

retirees were invited to the Decatur Medical Department for sample collection. A

laboratory technician or the Decatur site occupational health nurse performed the

venipuncture. The serum samples were stored frozen until shipped on dry ice to the 3M

Medical Clinic in St. Paul, Minnesota. Upon arrival in St. Paul, the samples were stored

frozen until transferred to Northwest Bioanalytical Laboratory (NWB, Salt Lake City,

UT), the designated contract laboratory. Cottage Grove retirees had their serum collected

by the laboratory technician in the 3M Medical Clinic. Each participant completed a

brief medical history questionnaire containing information about current medications and

disease diagnoses. Participants have received letters informing them of their individual

fluorochemical results, as the data became available from the laboratory.

10



Analytical Method

High-performance liquid chromato_aphy mass spectrometry/mass spectrometu,

(HPLC/MSMS) has been utilized to analyze all serum samples for PFOS. PFOA and

PFHS using methods described by Hansen et al (2001). The analytical method for

determining the concentration of specific fluorochemicals in human serum was quite

complex and, briefly, involved the following steps. First, serum was diluted with water,

buffer, and ion pairing reagent, and then liquid-liquid extracted with methyl tert-butyl

ether (MTBE). The organic layer was removed, subsequently dried, and brought up to

volume with a methanol/water diluent. The final sample diluent contained the

fluorochemicals extracted from the serum along with many other MTBE soluble serum

compounds. The extract was then analyzed with HPLC/MSMS and quantified against an

extracted standwd curve prepared by spiking an aliquot of human serum with varying
...o

levels of analyte and extracting the spiked fluorochemical in the same manner as the

samples.

Target Analytes

Summarized in Table 1 are the time periods and their corresponding sample

identifications, collection dates, number of unique participants, target analytes, analytical

laboratory, and matrix for the to through t3 data collections. At the end of each of the first

three collection periods (t0-t2) a single serum sample from each study participant was

submitted to NWB for fluorochemical analyses. All analytes were quantified by NWB

the designated contract laboratory with the exception of M556 and M570 from the to

collection date. These analytes were quantified by 3M Environmental Laboratory.

Analytes that measured above the limit of quantitation (ULOQ) were reanalyzed after

dilution with rabbit sera. Twenty-seven retirees participated in the t_ collection period.
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This was the first collection period that included the three Cottage Grove retirees who

agreed to participate in the study. At t_, a single sample for each retiree was analyzed by

NWB for all seven anal2r_es. All samples were quantitated versus a calibration curve

prepared using human serum. Samples from the t3 collection period were anal)_ed for

only three of the seven fluorochemicals (PFOS, PFOA and PFHS) as the decision was

made to discontinue analyzing for PFOSAA, M570, PFOSA and M556.

In an effort to minimize experimental error including systematic and random error

in the analytical method we initiated a more definitive analytical study on nine of the 27

s/abjects. These nine individuals represented the range of PFOS and PFOA concentrations

that had been measured in prior analyses. All nine subjects were Decatur retirees. Each

had their serum from the four time periods (to - t3) measured in triplicate, with all four

time-points analyzed in the same analytical run. This approach allowed for statistical

evaluation of the precision of the measurement and assured that all experimental biases

equally affected each sample used for half-life determination. This interim report

summarizes the findings from these nine individuals. [Note: Single measurements were

made on t3 samples from the remaining 18 individuals but these are not included in this

report due to the lack of simultaneous triplicate analyses of all time points (to- t3).

Samples collected at the 1:4time period (February 2001) for the 27 subjects are stored

frozen at -70° C and will not be analyzed until data collection is completed.]

Reference Material

The reference material purity for PFOS, PFOA and PFHS was not available prior

to the conduct of this study. Therefore, the reference material purity was initially

assumed to be 100% for samples to-t2. 3M contracted with Centre Analytical

Laboratories, Inc. (State College, PA) to determine the absolute concentration of PFOS,
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PFOA, and PFI-IS in the NW]3 stock solution used to prepare the analytical standards and

controls for the reported sample analyses. Based on Centre Analytical's results, the

concentrations of the calibration and quality control samples were corrected accordingly:

PFOS (correction factor = 0.836); PFOA (correction factor = 0.909); and PFHS

(correction factor = 0.855) for all analyses in this interim report.

Statistical Analyses

Serum half-lives were calculated using a one-compartmental model. The

mathematical expression of this first-order process is a monoexponential equation,

C = Co" e-kelt.,where C is the serum concentration, k_iis the first-order elimination rate

constant, and t is the time of blood sampling. The logarithmic equation for this

exponential function has the general form of an equation describing a straight line:

log C = log CO- (kcl • t)/2.303. The half-life of elimination can be calculated after kel

has been determined from the slope of the line where t1/2= 0.693/k_v

RESULTS

Presented in Tables 2 and 3 are the individual and mean data, respectively, for the

nine Decatur employees whose to-t3measurements were subjected to triplicate analyses

during the same batch analyses. There are seven males and two females. The average age

of the nine retirees at the study initiation (to) is 61 years (range 55-64; SD = 3.2). The

mean number of years employed at Decatur is 27.7 years (range 20-33; SD = 4.8). Their

number of months retired from Decatur average 18.9 months (range 5-38; SD = 10.5).

Their average body mass index (BMI) is 27.9 (range 22.5-33; SD = 3.6). The mean

PFOS, PFOA, and PFHS values at study initiation (to) were 0.89 ppm (range 0.11-3.53
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ppm; SD = 1.07), 0.72 ppm (range 0.06-1.84 ppm; SD = 0.64), and 0.31 ppm (range 0.02-

1.25 ppm; SD = 0.40), respectively. The mean serum half-life for PFOS was 8.67 years

(range 2.29-21.3 years; SD = 6.12). The mean serum half-life for PFOA was 4.37 years

(range 1.50-13.49 years; SD = 3.53). The mean serum half-life for PFHS was -2.27 years

(range -47.63 - 30.12 years; SD = 23.14).

Multivariable recession analyses examined the influence of age, BMI, number of

years worked or years since retired on the serum-half life. None of these variables were

significant predictors of the serum half-lives.

DISCUSSION

The results from the first interim analysis suggested that the serum half-life of

PFOS in humans was likely in the range of 139-640 days with a median half-life of 270

days. The serum half-life of PFOA appeared to be approximately one year. The half-life

for PFHS was deferred because the assay measurement of PFHS was inconsistent (e.g.,

many subsequently collected samples were at higher levels than initial samples). There

were several limitations noted in the first interim report, the most important being the

limited data available, to date, and the range of the serum levels measured (PFOS range

0.2-2.0 ppm; PFOA 0.1-3.1 ppm). In addition, serum concentrations were based on a

single measurement of each collected sample with the analytical measurements being

conducted on different days and using slightly different analytical methods. This created

an imprecise assessment of the serum fluorochemical concentrations. Finally, reference

material purity was not determined until after the to-h samples had been analyzed. The

lack of adjustment for the reference material likely biased the fluorochemical values from

9-16% depending on the specific analyte. Because of these limitations, a subset of nine

retirees had all their serum fluorochemical concentrations remeasured in triplicate.
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The results from this second interim analysis suggested that the mean serum half-

life for PFOS was 8.7 years (SD = 6.1); however, the range of values 2.3 years to 21.3

years suggests variability that remains unaccounted for. This human serum half-life

estimate is considerably higher than those reported in laboratory animals (Johnson and

Ober 1979; Johnson et al 1979; Seacat et al 2001a; 2001b)although laboratory animal's

serum half lives were not short (rats > 89 days; monkeys = 220 days). This may be due.

in part, to the fact that serum concentrations in these nine retirees were an order of

ma_maitudelower than the end-of-study PFOS concentrations used to calculate the serum

half-lives in t.he cynomolgus monkey study (Seacat et al 2001a).

The mean serum half-life data for PFOA was 4.4 years (SD = 3.5) for these nine

retirees, in contrast to the laboratory animal data that suggested serum PFOA half-lives of

5-7 days (male rat). The inconsistency between these human data and laborato_, animal
.o..

data remains unexplained.

We remain perplexed regarding the serum half-life of PFHS. Three of the nine

subjects showed increased serum PFHS concentrations over time, which resulted in an

uninterpretable average serum half-life mean of -2.3 years. We are unaware whether

these workers may have received occupational or non-occupational exposures that may

have distorted their findings. The remaifiing 6 subjects had mean serum half-lives that

ranged between 2.9 and 30.1 years.

The refined approach used in this assessment for nine retirees allowed for an

estimation of the serum fluorochemical half-life for PFOS, PFOA and PFI-IS with several

caveats. First, while these retirees rarely entered the plant premises, no effort has been

made to determine or control for retiree exposure to PFOS, PFOA or PFHS during the

study time period (to - t3). However, exposure to these compounds could result in an

artificially long determination of serum half-life. Because POSF-based fluorochemical
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production has been discontinued, the opportunity for future exposures is unlikely.

Second, because PFOS is a metabolic product of compounds known to be present in these

subjects blood, PFOS is likely being produced in the body during the course of the stud,,'.

which again will artificially extend the measured half-life. Third, because subjects" blood

contained concentrations of fluorochemicals which varied by a factor of 30, the data

cannot be pooled or averaged unless the serum concentration decay curve shows first-

order kinetics, which do not depend on concentration. Fourth: because subjects have a

significant concentration of fluorochemical compounds in their blood in addition to

PFOS, it ispossible that unknown interactions or processes are at work which affect the

actual or measured serum half-lives. Fifth, direct comparison of the PFOS half-life

determined from humans and laboratory animals may not be sound due to potentially

different protein binding sites and affinities. Finally, the data quality requirements specify

that quality control samples and curve points must be within 20% of the actual

concentration, therefore, a known systematic error of as much as +/- 20 % maybe present

and still satisfy the data quality criteria of the analytical method.

Since systematic error is additive, comparing two data-sets analyzed during

different analytical runs or on different days may make such discrepancy increase to +/-

40%. This would not include random error. We attempted to remove systematic error

by self-consistent data-set analysis of replicate samples. Any comparison of the results

from this self-consistent data-set of nine subjects withthe results obtained from the 18

subjects over 4 different time periods with systematic error would be difficult to interpret.

Therefore, for this interim report, in order to reduce measurement error, we have chosen

to report only the self-consistent data-set.

We will continue to collect retiree serum samples from the 27 subjects on an

annual basis for the next several years. The samples will be stored frozen (-70°C) and not

16



analyzed until sample collection is completed. It is our intention to analyze all study

samples, be_nning at to, during the same analytical run to assure that any systematic

biases equally affect every serum sample. We do not foresee any further interim reports

until the sample collection and laboratory analyses are completed.

°
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Table 2 Individual Data for Employees with Triplicate Analyses

Years Months PFOS @ tO I/2Life PFOS PFOA @ I/2Life PFOA PFHS @ I/2Life PFHS

Employee/ Age at Retired BMI Gender (ppm) (years) tO(ppm) (years) t0 (ppm) (years)
Usual Job Plant

A 60 31 11 28.1 Male 3.5 13.1 1.8 i3.5 1.3 - 17.6
(chemical
operator)

B 57 33 18 27.4 Male 1.1 3.7 0.7 4.3 0.4 30.1

(supervisor)
C 64 27 38 28.1 Male 0.2 21.3 0.4 3.6 0.1 - 47.6

(process
engineer/

supervisor)
D 64 20 27 31.0 Female 0.4 4.4 1.7 3.1 0.1 7.1

(chemical
operator)

E 55 20 5 33.0 Female 1.3 12.0 0.9 3.9 0.2 11.0

(process
operator)

F 63 27 I I 24.4 Male 0.5 10.3 0.2 3.9 0.1 12.4

(elect/control
mech)

G 62 29 23 32.2 Male 0.3 6.6 0.4 3.5 0.6 - 22.4

(cell
operator)

H 58 32 11 22.5 Male 0.6 2.3 0.2 1.5 1).2 2.9

(QC
technician)

I 62 30 26 24.8 Male 0. I 4.4 0. I 2. I 0.02 3.6

(process
engineer)



Table 3 Summary Half-Life Data for Employees with Triplicate Analyses

Age @ # Years Months PFOS @ I/2Life PFOS PFOA @ ½ Life PFOA PFHS @ ½ Life PFHS
tO at Plant Retired BMI tO(ppm) (years) tO (ppm) (years) tO(ppm) (years)

Average 61 27.7 18.9 27,9 0.9 8.7 , 0.7 4.4 0.3 - 2.3

Minimum 55 20 5 22.5 0.1 2.3 O.1 1.5 0.02 - 47.7

Maximum 64 33 38 33.0 3.5 21.3 1.8 13.5 1.3 30.1

Std Dev 3.2 4.8 10.5 3.6 1.1 6.1 0.6 3.5 0.4 23.1
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Table 1 Chronology of Serum Sample Collection

Time Collection Unique Samples per Target Laboratory Matrix
_' Period Date Participants Participant Anal vtes

tO 11/1998 24 1 PFOS, [ NWB, Human,
(samples: I (All PFOA. ] 3M select
9276- Decatur PFHS, Environ- samples
9299) Retirees) PFOSA, mental diluted

PFOSAA with
M556, rabbit
M570 sera

tl 06/1999 27 1 PFOS, NWB Human

(samples: (3 Cottage PFOA,
9406- Grove PFHS,
9432) Retirees PFOSA,

agree to PFOSAA
participate) M556,

M570
t2 11/1999 27 1 PFOS, NWB Human

(samples: PFOA.
9569- PFHS.

9595) - PFOSA,
PFOSAA

.... M556,
M570

'_q t3 05/2000 18 4* PFOS, NWB Human
(samples: and 9 12"* PFOA.
9871- Repeat PFHS
9897) analysis

for:
11/1998,
06/1999,
11/1999

t4 02/2001 26 1 *** *** ***

* one serum sample from each of the following screening periods: tO, tl, t2, and t3

** three serum samples from each of the following screening periods: tO, tl, t2, t3

*** samples stored frozen -20 °
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