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3M Fluorochemical Exposure (Serum) Assessment of Decatur Chemical Eand Film Plant Employees

Historically, employees a the 3M Decatur chemical plant have voluntarily participated in
& biennial fluorochemical medical surveillance program: Total organic fluorine was
measured until 1994 when perfluorooctanesulfonate (PFOS) and perfluorooctanoate
(PFOA) were assayed. However, the voluntary natureof the medical surveillance.
program does not necessarily provide for an adequate understandingofthe distribution of
fiyorochemical serum levels in the Decatur workforce. Therefore, the purpose ofthis
assessment was 10 randomly sample employees at the Decatur chemical plant in orderto
determine the distribution ofemployee serum fluorochemical levels according to jobs,
building locations and years worked. The overall geometric meanof serum PFOS in g
chemical plant employees was 0.944 ppm. (95% C1 0.787-1.126). The highest serum 8 8
PFOS value measured was 10.600 ppm. Among film plant employees, the overall = zz
seometric meanofserum PFOS was 0136 ppm (95% CI 0.114-0.161). Approximately » °F
1/3 ofthese film plant employees had past work history experience in the chemical plant, ©
The distributionofserum PFOS levels in this random sample assessment were similar to
those observed through the voluntary medical surveillance program. Because of
analytical chemistry method development, th study also assayed five fluorochemicals
that had not been previously assayed. Results from this assessment will be used to
consinict an exposure mix i the updated retrospective cohort mortality study ofthe
3M Decatur employee population. The data will also be used to rationalize subcohort
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comparisons in the ongoing analysisofhealth claims data between chemical and film

plant employees from 1993-1998. Both the study protocol and final report are submitted.
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001251



3M Company
EPL-0006

Page 2029ABSTRACT

Employees at the 3MDecatur chemical plant have in the past voluntarily
participated in a fluorochemical medical surveillance program. Analysis of the
surveillance data has not shown significant associations between the employees’ clinical
chemistry and hematology tests and either total serum organic fluorine or serum PFOS
levels. However, the voluntary nature of the medical surveillance program does not allow
for a complete understandingofthe distributionof employee fluorochemical serum
Tevels. In order to address this issue, we propose to randomly sample, for statistical
purposes, 80 film plant and 125 chemical plant employees to determine their serum
levels for perfluorooctane sulfonate, perfluorooctane sulfonate amide, glycine derivative
of perfluorooctane sulfonate, perfluorohexane sulfonate, perfluorooctanoic acid, N-ethyl
perfluorooctanesulfonamido ethanol and N-methyl perfluorooctanesulfonamido ethanol.
A sub-sampleofemployees (N = 30) will also be tested for total serum organic fluorine.
Abrief questionnaire will also be administered to each employee inquiring about current
and past work history as well as possible routesoforal ingestion. In addition to those.
chosen for the random sample, all other chemical and film plant employees will be
offered the opportunity to have their blood tested for these fluorochemicals and respond
to the questionnaire. Upon completion of this study, the results will serve as a reference
regarding fluorochemical exposure reduction efforts in the chemical plant and allow for
adequate characterization of the film plant population who will serve as a reference
Population in health-based studiesof chemical plant employees.
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Employees at the 3M Decatur chemical plant have in the past voluntarily

participated in a fluorochemical medical surveillance program. The surveillance program

measured for total serum organic fluorine levels until themid-1990's when serum

perfluorooctanoate sulfonate (PFOS) determination, quantifiable by high performance

liquid chromatograph mass spectrometry, became incorporated in the biennial medical

surveillance examinations. Analysis of the surveillance data has not shown significant

associations between the employees” clinical chemistry and hematology tests and either

total serum organic fluorine levels [Roach, 1982; Schuman, 1982] or serum PFOS levels

[Olsen et al. 1998]. However, the voluntary nature of the medical surveillance program

does not lend itself to an appropriate characterization of the distribution of fluorochemical
serum levels. For example, presented in Table 1 is the distribution of fluorochemical

serum levels by the numberof employees who voluntarily participated in the last two

‘medical surveillance examinations (Fall of 1994 and Spring of 1997). Ninety percent of

the serum PFOS measurements were below 6 ppm. Nevertheless, it is possible that this

distribution may be higher or lower as a result of unknown selection factors that make

employees decide to participate, or not participate, in the medical surveillance program.
‘Therefore, the purpose of this proposal is to randomly examine, based on appropriate

statistical methods, employees in the Decatur chemical plant in order to determine the

distribution of their serum fluorochemical levels. Conducting a random sample

analysis will also allow researchers to better understand serum fluorochemical levels in
context with the employees’ current and past work history. In addition, a random
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Page 4 0f 20sample of the neighboring 3M Decatur film plant employee population, located at the
same site. will also be tested for their fluorochemical serum levels. The film plant
employees have served as a comparison population in prior health studies due to their
nonoecupational exposure to fluorochemicals. However, their actual serum
fluorochemical levels have not been discemed. Health studies can be more fully
appreciatedif the distributions of employee serum fluorochemical levels at both the
chemical and film plants are known.

METHODS

Overall Summary of Methods

‘We propose to randomly sample, for statistical purposes, 80 film plant and 125
chemical plant employees to determinetheirserum levels for perfluorooctane sulfonate,
perfluorooctane sulfonate amide, the glycine derivative of perfluorooctane sulfonate (i.c.,
the acetate anion), perfluorohexane sulfonate, perfluorooctanoic acid, N-ethyl
perfluorooctanesulfonamido ethanol and N-methyl perfluorooctanesulfonamido ethanol,
A sub-sample of employees (N = 30) will also be tested for total serum organic fluorine.
No other serum tests will be performed. A brief questionnaire will also be administered
to cach employee inquiring about current and past work history as well as possible routes
of oral ingestion. In addition to those chosen for the random sample, al other chemical
and film plant employees will be offered the opportunity to have their blood tested for
these fluorochemicals and respond to the questionnaire.

001254‘+



3M Company
EPL0006

Page Sof 29
SampleSizeIssues

Four critical factors were considered to decide the sample size for ths study.
First, itis important that such a sample be randomly chosen from the employee
populations of both the chemical and film plans. Second, the sample size is driven by
the need to provide confidence that the exposure in the film plant is very small relative to
that of the chemical plant. Third, the sample size should adequately characterize the
exposure levels within the chemical plant workplace. Fourth, employees in the chemical
and film plant shouldbeoffered the opportunity to know what their luorochemical serum
levels are

To address the first two points in the above paragraph, we need to determine the.
lower 95% confidence bound on the mean of the difference between the serum
fluorochemical levels ofthe chemical plant and the film plant. Provided in Appendix A
are the details of the methods used by Dr. Timothy Church, associate professor at the
University of Minnesota, who served as a consultant statistician for this protocol
development. Briefly, we assumed, based on past medical surveillance data, that the
mean serum PFOS levels of the chemical plant employee population is 1.85 ppm. We do
not know what the mean serum POS level isoffilm plant employees. However, pooled
serum data suggests that the US. general population serum PFOS level is in the range of
20 pb 10 40 ppb. Therefore, we assumed theDecaturfilm plant population will have a
mean higher than the general population because of its physical proximity to the chemical
plant. If the mean serum PFOS level for the film plant population was assumed to be:
200 ppb. the mean difference between the chemical and film plant population would be
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Page 6 of 291.65 ppm (1.85 ppm minus 0.2 ppm). Presented below is the sample size needed from
both the chemical and film plant populations to calculate a lower 95% confidence bound
on this mean difference.

Lower95% confidence bound on difference: 12 13 14 15 155 16‘Total sample Size needed from both plants: 16 21 32 66 121 365

Thus, to obtain a lower 95% confidence bound of 1.50 ppm, based on a mean difference.
of 1.65 ppm, 33 employees in the film plant and 33 employees in the chemical plant will
have to have their serum PFOS levels determined. As canbe seen from the above chart,
the sample size becomes increasingly large as the lower 95% confidence bound becomes
closer to the actual mean difference of 1.65 ppm. Data in Appendix A also provide
sample size calculations if the film plant employee population is assumed to have a
higher mean serum PFOS level (300 ppb). In this case, to obtain a lower 95% confidence
bound of 1.50 ppm, based on a mean difference of 1.55 ppm (1.85 ppm minus 300 ppb), a
total sample size of 760 employees is required from both plants. If this is reduced to a
lower 95% confidence bound of 1.4 for a mean difference of 1.55 ppm, a much smaller
sample size is required (a total of 125 employees from both plants). There is a degree of

uncertainty in estimating, for statistical sample size consideration, what the mean serum
PFOS level of the film plant population is because approximately 10 percent of the film
plant employees may have prior work experience in the chemical plant.

In order to address the third issue (sample size should adequately characterize the
exposure levels within the chemical plant workplace), we propose to stratify the random
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Page 7 0f 29sample by building location within the chemical plant. To prevent misclassification of
potential workplace exposure experience, we will analyze samples from film plant
employees by those who have and have not ever worked in the chemical plant. This is
necessary because of the suspected long half-life of serum PFOS (estimated to be at 1000
days).

An important caveat that must be considered is that the above sample size
calculations have used serum POS levels from previous voluntary samples to estimate
mean and standard deviation values for serum levels of this chemical. However, in this
study we will measure for five specific fluorochemicals (perfluorooctane sulfonate amide,
the glycine derivative of perfluorooctane sulfonate, N-ethyl perfluorooctanesulfonamido
ethanol and N-methyl perfluorooctanesulfonamido ethanol) about which we have no.
information, at this time, as to serum levels. It is suspected that these chemicals are not
persistent as theyare metabolized to PFOS; thus any difference between serum levels in
employees in the film and chemical plants may be quite small,

Study Design

‘With the above issues considered, the study investigators propose the following
research design:

1. Randomly sample 80 film plant employees. We will assume 80% participation which
will provide a study population of approximately 65 employees of which we estimate 50
1055 will have worked only in the film plant. The remainder will have worked in both the
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Page 8 of 20chemical and film plants. (This is based on the assumption that 10 percent of Decatur
employees have worked in both plants as mentioned by Decatur Human Resources
personnel.) The random sample will be chosen by the following means: a) determine all
full-time current film plant employees; b) using a random number generator algorithm,
select a sample size of 80 film plant employees.

2. Randomly sample 125 chemical plant employees who are proportionately stratified by
the following building locations: 1, 2/48, 3, 4 and 38/51. We will assume 80%
participation which will provide a sample size of approximately 100 employees. The
random sample will be chosen by the following means: a) determine all full-time current
chemical plant employees; b) usinga random number generator algorithm, select a
sample size of 125 employees proportionately to the number of employees who work in
the five building locations (1, 2/48, 3, 4 and 38/51). This random sample of 80 film
plant and 125 chemical plant employees, if 0% participation is obtained, should provide
295% lower bound confidence interval of, atleast, 1.5 ppmif the mean PFOS difference
is 1.65 ppm based on assuming the mean employee serum levels are 1.85 ppm for the
chemical plant and 0.2 ppm for the film plant.

3. In addition, to the above random samples; we propose to sample all employees (n = 6-
8) who are assigned to the wastewater treatment plant (buildings 36 and 57).
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Page 9 of 294. Because of concems that may be raised by this study, we will also offer to test all full-
time chemical or film plant employees who desire to know their serum levels of these
seven fluorochemicals.

S. Study participation will require the following:

a. Venipuncture with the collectionofone vialof blood (approximately 10 cc) for
the determinationofihe seven fluorochemicals. Its anticipated that total serum
organic fluorine can also be determined from the same one vial of blood for the 30
individuals who are asked to participate in this analysis.

b. Written response to abrief questionnaire that inquires about current and past
work history along with the frequency of hand washing and use of gum, chew
(tobacco) and cigarette habits of the employee while at work (see Appendix B).

c. A signed consent form by the employee (see Appendix C).

6. Each randomly chosen employee (film and chemical) wil receive a leer of
invitation to participate by plant management. A copy of this letter will be sent to the
employee's immediate supervisor. There will also be plant-wide communication which
will describe the purpose of this blood collection program (i.e. to determine the
distributionof employee serumlevelsof these fluorochemicals and allow employees to
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randomly chosen as well as those who volunteer will be informed of their own individual
results by a letter sent to them from the 3M Medical Department. Aggregate results of
the study will be communicated to plant management and employees.

Eluorochemical Analyses

All blood wil be collected at the Decatur plant by MedAccess (an occupational
health clinic located in Decaiur, Alabama) under the direction of Cathy Simpson, RN.
Based on this study design and the four employee shifts at the Decatur location, it is
estimated that blood collection will take approximately four days. MedAccess will
centrifuge the blood to obtain the serum. MedAccess will provide the serumtoCathy
Simpson, RN who will ship the samples to the 3M Medical Department (St. Paul, MN).
Samples will be catalogued and then sent to the 3M Environmental Laboratory for
determination of serum perfluorooctane sulfonate, perfluorooctane sulfonate amide,
glycine derivative of perfluorooctane sulfonate, perfluorohexane sulfonate,

perfluorooctanoic acid, N-ethyl perfluorooctanesulfonamido ethanol and N-methyl
perfluorooctanesulfonamido ethanol, via high performance liquid chromatography mass
spectrometry, under the direction of Dr. Kris Hansen. Total serum organic fluorine will
be determined by the 3M SMD chemical analytical laboratory under the direction of Dr.
Venkateswarlu Pothapragada.
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Through the use of appropriate statistical techniques (c.g. student t-tests,
multivariable regression analysis) using SAS software, we will conduct the following
analyses:

1. Compare responders and nonresponders from those chosen in the random sample as to
their demographic characteristics (e.g. age, gender, years worked)

2. Compare mean serum fluorochemical levels between the film and chemical plant
random samples. Determine the lower 95% confidence bound of the mean difference
between these populations.

3. Compare the mean value between the film plant and the chemical plant population
Who participated (random sample plus those who are not part of the random sample).
Determine the lower 95% confidence bound of the mean difference between these
populations.

4. Characterize and compare the mean fluorochemical serum measurements within the
chemical plant by building location. :

S. Compare serum levelsby questionnaire items (e.g., examine mean serum
fluorochemical levels of those who may have frequent hand to mouth contact via the

'
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compilation of their use of gum, chew and cigarettes to those who do not have frequent

use).

It should be noted that this study is purely an exposure assessment exercise;

medical surveillance information (e.g. serum chemistries, hematology, health

questionnaires) is not a component of this study. This information is voluntarily collected

on a biennial basis and will be next offered, voluntarily, to Decatur chemical plant

employees in the Spring of 1999.

StudyTimeFrame

ProposedStudyTimeFrame

Task. Estimated Time Frame

1. Obtain current employee list fromDecaturHR August, 1998

2. Determine random samples August, 1998

3. Send invitation letter to participate to random sample September, 1998

4. Blood collection Sept/Oct. 1998

5. Serum analyses under direction by 3M Env. Lab Oct. - Nov., 1998
Serum analyses under direction of Dr. "V* Oct. - Nov. 1998

6. Data Analyses Nov. - Dec., 1998

2. Final report Dec. 1998
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‘The objectiveof this proposed research study is to characterize , via appropriate
statistical techniques using random sampling, the distribution of employee serum levels

of serum perfluorooctane sulfonate, perfluorooctane sulfonate amide, glycine derivative
of perfluorooctane sulfonate, perfluorohexane sulfonate, perfluorooctanoic acid, N-cthyl

perfluorooctanesulfonamido ethanol and N-methyl perfluorooctanesulfonamido ethanol

at the 3M Decatur chemical and film plants. In addition, for30 employees the percentage
ofserum total organic fluorine that is represented by these seven fluorochemicals will be
calculated.

‘The data obtained from this exposure assessment investigation will be important
for several reasons. This information will allow for a better understanding of the

exposure distribution of serum fluorochemical levels in both the chemical and film plant

populations. Second, these data may serve as future reference regarding human exposure
assessment for the film as well as the chemical plant in the area of health studies and

exposure reduction. Third, the datamaybe used for the constructionofan exposure
matrix for the anticipated update of the retrospective cohort mortality study of the

Decatur employee population. Fourth, this information may provide further insight

regarding understanding current fluorochemical serum levels with past and present

employee work history data as well as possible routes of oral ingestion. Finally, this
study will allow for the opportunity for chemical plant employees to know their own

serum levels for these seven fluorochemicals should they so desire.
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Because random sampling is critical to the ultimate interpretation of the results from this
study, it is important that there be high (i.c., 80%) participation levels from those chosen
0 participate. It must be emphasized that data analyses will be dependent upon high

participation of those chosen in the random sample; nonparticipants will decrease the

sample size. Although other employees may volunteer to have their blood drawn, they
cannot replace a nonparticipant in the random sample within the data analyses devoted to

the random sample component of this study. In order to obtain high participation rates of

those employees chosen in the random sample, letters of invitation will be sent to those:
chosen to participate by 3M Decatur plant managementandthe 3M Medical Department.
Supervisors will be asked to strongly encourage participation of those randomly chosen
employees who report to them.

Individual data are considered confidential information and will not be disclosed to

anyoneoutsidethe 3M Medical Department without the employee's written consent.

Individual results will be communicated, by letter, to the employee from the 3M Medical
Department. Aggregate findings will be communicated to employees and may be used in

publications or public presentations.

‘The proposed study must obtain 3M IRB approval. The protocol, any addenda to

the protocol, data analyses, and a copy of the final report will undergo a Quality

Assurance audit according to the Standard Operating Procedure entitled, “Procedure for

the Creation, Auditing, and Review and Approval of 3M Epidemiology Final Reports.

Permanent records of all other data generated during the course of this study are subject
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Page 15 of 29to privacy and confidentiality considerations. All data gathered or generated including
protocol addenda and the final report will be archived by the Medical Department, 3M

Company, St. Paul, Minnesota, according to the Standard Operating Procedure entitled,

“Procedure for the Archiving ofa 3M Epidemiology Study.”
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TABLE |

Distribution of Serum PFOS Levels by Year,
3M Decatur Male Employees, Medical Surveillance Results®

PFOS 1994 Data 1997 Data
Level N % N %

0-<1ppm i 2 29 35

1-<3ppm 59 66 38 45

3-<6ppm “16 18 12 14

>=6ppm 4 4 5 6
Total 8 100 84 100

* see reference Olsen et al (1998)
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APPENDIX A
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Sample size calculation for the study of PFOS levels in

the blood of workers

Authored by Dr. Timothy Church

Introduction
The sample size calculations are based on the analysis of data from a non-random
voluntary sample from the chemical plant in Decatur. There was a total of96
observations on PFOS levels and 95 on PFOA levels. Table 1 gives the summary
statistics on each distribution. Table 2 gives the summary of the log distribution.
Figures 1 and 2 are the smoothed natural distributions for PFOS and PFOA,respectively,
and Figures 3 and 4 are for the logarithmic counterparts. Note that the log distributions
are more symmetric that the natural scale variables. The sample size focused on the.
PFOS levels.

Method
‘The sample size is driven by the need to provide confidence that the exposure in the film
plant is very small relative to that of the chemical plant. As shown in Table 1, the mean
PFOS level in the voluntary samples is 1.855ppm and the acceptable level for the film
‘plant is below that and expected to be in the range 200-300ppb. The statistic of interest
for the sample size is the difference between the chemical plant (assumed to have a mean
of 1.855ppm) and the film plant (assumed to have a meanof 0.2-0.3ppm). The object is
10 compute the sample size necessary to produce 95% confidence that the difference is at
least delta, in order to place the film plant mean exposure well below that of the chemical
plant. If such confidence does not result, then further study of the film plant exposures is
‘warranted.

‘The sample size calculations were carried out by assuming that the log of the
concentration was normally distributed, based on Figure 3, and that the standard deviation
on the log scale was 1, regardless of the mean, based on Table 2. Note that both PFOS
and PFOA, while showing different mean values, both have a standard deviation of about
1, even though the means and medians are quite different

In order to perform the analysis on the log scale, the means had to be transformed to the
log scale, by solving the formula

E(O=exp(mutsigma’l2),

for mu where E(X) is the mean on the original scale, and mu and sigma = 1 are the mean
and standard deviation on the log scale. For example, under the assumption that the
natural meanis0.2ppm the mean for the log PFOS level in the film plant would be
In(0.2) - sigma’/2 = -2.10944.

‘Transforming the means to the log scale allows computation of the expected difference in
the lon erate and a lnwer 95% confidence bound on the difference. The difference on the
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log scale centers on mu, — muy and the variance of the difference is simply 2/n, where mu,
and muy are the means for the chemical and film plants, respectively, and is the number
ofobservations per plant. Under the null hypothesis, the mean on the natural scalefor the
film plant is the observed mean of the chemical plant (1.855ppm) minus the minimum
desired difference (e.g., delta = ppm). Under the altemative hypothesis it is simply
either 0.2ppm or 0.3ppm. The mean for the chemical plant is fixed at 1.855ppm for both
the null and altemative hypotheses.
By this formulation, the altemative hypothesis is the difference of the tranformed
altemative-hypothesis means (¢.g., 1.855ppm and 0.2ppm) and the null hypothesis is the
difference of the transformed null hypothesis means (i.¢., 1.855ppm and (1.855—
delta)ppm). From this formulation, a standard single-sample, two-sided, normal-theory
sample size can be calculated, using alpha = 0.5 and beta = 0.05. If the minimum
difference is rejected in favor of the alternative, the confidence coefficient on the
‘minimum difference delta wil be at least 95%.

‘Standard sample size calculations were performed using S-Plus 4.5 and the transformed
‘means, and sigma = 1.

Results
‘Table 3 gives sample sizes based on the lower 95% confidence bound for the difference
in mean PFOS level between the chemical plant and the film plant being at least dela.
Sample sizes were calculated assuming means of 200ppb and 300ppb for the film plant.
For 300ppb the sample sizes are given with delra equal to 1.0 through 1.5ppm in 0.1ppm
steps, and for 200ppb, with delra equal to 1.2 through 1.6 and to 1.55. Sample sizes given
are the sum from both plants assuming equal samples from each, i.c., the table gives N
‘where N=2n;=2n;, where n; is the sample from planti = film or chemical. So, for
example,if the film plant has a true level of 200ppb, then the expected lower confidence
bound on the difference would be 1.55if the total sample size were 122, 61 from each
plant.

Recommendation
A lower confidence bound of 1.55ppm, which would assure that the film plant has an
upper bound of 300ppb (or about 0.5ppm)if the true concentration were 200ppb, is
achievable with 125 from both plants. If the true concentration were 300ppb, a lower
bound of 455ppb could be attained with a similar sample size. Given that nearly 100
volunteers were obtained previously, this also seems like a feasible number of employees
in whom to focus solicitation efforts.
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Table 1. “** Summary Statistics for data in: DecExp97 e+

pros proa
Min: 0.10000 0.05000

1st Qu: 0.69125 0.38900
Mean: 1.85501 1.32894

Median: 1.32500 1.06000
3rd Qu.: 2.48250 1.87000

Max: 9.93000 5.31000
Total N: 96.00000 96.00000
WA's : 0.00000 1.00000

StdDev.: 1.73723 1.08575

Table 2. + Sumary Statistics for data in: DecExp9? e+
Log.PROS Log.PFOA

Min: -2.30259 -2.99573
1st Qu.: -0.36930 -0.94418

Mean: 0.22868 -0.12126
Median: 0.28135 0.05827
3rdQu.: 030926 0.62581

Max: 2.29556 1.66959
Total N: 96.0000 9.00000
WA's: 0.00000 1.00000

Std Dev.: 0.53310 1.00902
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Table 3. Sample size table for Decatur Plant Study

Assumingfilm plant concentration = 300ppb
Lower 95% Confidence Bound on Difference: ~~ 10 1.1 12 13 14 1S
Total sample size for both groups (N=2ny=2n;): 20 26 36 58 126 760

Assuming film plant concentration = 200ppb

Lower 95% Confidence Bound on Difference: 12 13 14 15 155 16
Total sample size for both groups (N=2n,=2nz): 16 22 32 66 122 366

001273 !



3M Company
EPI-0006

Page 24 of 29

APPENDIX B
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DECATUR EMPLOYEE QUESTIONNAIRE
Thank you for participating in this research study. Please respond to each question with either a shortansweroran in the appropriate bor.
nae EMPLOYEE NUMBER.

1. Have you verworked in the Chemical Plant? Yes O No OJ

If no, please go to question 2
yes

a. How many years haveyouworked inthe chemical plant? Years=.
b. What year did you startworking in the chemical plant? Year =

2. Please indicate if you have ever worked in the following areas. Mark an in al boxes that applyto you.
O a Building 1 0 b. Buidings 2 andlor 49
Oc. Buiding 3 (OSCLIOSF area) 0. Buikings3 (besides OSCLIOSF area)
0 e. Buiing4 North Ot. Biking 4 milloom/extruder
Oo. Building 42 (Packaging FC inerts)J h. Film Plant
Oi. Wastewater treatment plant C1}. Other (Please specify)(Buildings 36 and 57)

3. Thinking about the jobthatyou worked for thelongestperiodoftimewhile employed at 3M Decatur, please‘answer the following questions.
a dobre000000
b. When did you work there: From___(year) to___(year)
.. Average number of hours per week on tis ob? Hours =.
d. When you worked overtime, what was your usual job assigament?_______
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4. Please answer the folowing questions regarding your current ob.
Current plant: Chemical [J Fim 0

Current job tie

What year did you start working in this current job: Year= ______
‘Average number of hours per wok on this job: Hours =
When you work overtime, whatisyour usual ob assignment?

5. Pleas indicate in which area(s)youwork inyourcurrentjob. Mark an * in all boxesthatapply to you.

OJ a. Buiding1 [0 b. Buildings2andlor 49
0 c. Buiding 3 (OSCLIOSF area) 00d. Buildings3 (besides OSCLIOSF area)
OJ e. Buiding 4 North O01. Buildings4 milroom/extruder
0 g. Buiding42(Packaging FC inerts)J h. Fim Plant
Oi Wastowater treatment plant J. Other (Please specify)

(Buildings 36 and 57)

6. While at work, do you chew gum?
Damas O frequenty [J sometimes [J rarely [1 never

7. While atwork, Go youchew tobacco?
O aways [Jtrequenty [J sometimes [J rarely [J never

8. While at work, do you smoke cigarettes?
Oaways OO frequenty [J sometimes [J rarely [J never

9. How frequentlydoyou wash you hands before eating while in the workplace? Mark only one box.
DO aways [J trequenty [1 sometimes [J raraly [J never

10. Whats your height? Foot= Inches =____
11. Whatis your weight? Pounds =
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CONSENT FORM FOR COLLECTION OF BLOOD FOR SERUM
FLUOROCHEMICAL LEVEL DETERMINATION

INTRODUCTION
You are being invited to participate in a research study. Your participation involves
donating one test tube of blood. Your blood will only be tested for the amount and kindof fluorochemicals it contains. No other tests will be performed on your blood. Pleasereview this consent form carefully and be sure your questions are answered before youmake a decision to participate. The plant nurse, Cathy Simpson, RN, will be available toanswer any questions that you may have about this study.

PURPOSE OF STUDY
‘The purpose of the study is to determine how much and what types of fluorochemicals arefound in workers at the Decatur plant. This information will assist 3M to better
understand. fluorochemicals and how to reduce such exposures in the workplace.

STUDYPROCEDURES
Your blood will be drawn with a needle stick and require one tube (10 ml) of blood. Theblood will be analyzed for seven fluorochemicals: perfluorooctane sulfonate,
perflucrooctane sulfonate amide, the glycine derivative of perfluorooctane sulfonate,
perfluorohexane sulfonate, perfluorooctanoic acid, N-ethyl perfluorooctanesulfonamido
ethanol and N-methyl perfluorooctanesulfonamido ethanol. A sub-sampleof employees
will also be tested for total serum organic fluorine. No other tests will be performed onyour blood. A letter will be sent to you informing you ofyourblood levels upon
completionof the analyses. Abrief questionnaire will also be administered to each‘employee inquiring about current and past work history as well as possible routes of oralingestion.

POTENTIALRISKS/BENEFITS
The only discomfort you may feel is from the needle stick. You may also have sometemporary redness/bruising/swelling in this area after blood collection.

BENEFITS
There will be no direct benefit from your participation in ths study. However, theinformation gained from this study will furthér help us understand human exposures tofluorochemicals. Your individual results will be communicated to you only. The study'soverall findings, without any specific employee identifying information, will becommunicated to all Decatur employes.
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COMPENSATION
If you suffer injury or a medical condition that appears to be the result of participating inthis study, you will be referred to another health care professional at no cost to you, Inthe event of a research related injury, compensation will be determined on acase by casebasis by 3M. The contact for medical compensation is Jeffrey Mandel, M.D., 612.733.8670, of the 3M Medical Department.

CONFIDENTIALITY
‘The overall results collected in this study may be used in publications or publicpresentation. Your name will not be revealed in any publication or other documentsintended for publication examination. Your individual results will be communicated toyou only. Your individual results will be considered confidential information and will notbedisclosed to anyone outside the 3M Medical Department without your written consent.
SUBJECT RIGHTS/AVAILABILITY OF INFORMATION
If you have any questions about the study now, or later, or in the event of a researchrelated injury or emergency, contact Cathy Simpson, RN (552-6341)orDr. JeffreyMandel (612-733-8670). For answers to questions about your rights in regard to thisresearch, you may contact Dr. Larry Zobel, Chair, 3M Institutional Review Board at 612-733-5181.

VOLUNTARY PARTICIPATION AND WITHDRAWAL
Participation in this study is voluntary. Refusal to participate will involve no penalty orloss of benefits to which youare otherwise entitled. You are free to withdraw from thestudy at any time for any reason.

SUBJECT CONSENT
By signing the consent form, I certify thatI am at least 18 years old. Iconfirm that I haveread this consent form, and that have been given adequate opportunity to ask any‘questions I may have about this consent form or the study. I also confirm that Iunderstand the scope of my participation in this study, and that all of my questions havebeen answered to my satisfaction. 1am signing this consent form voluntarily, and I desire0 participate in the study. I understand that I am not waivingorreleasing any of my legalrights by signing this consent form, or by participation in this study. I understand that 1will receive a copy of this signed consent form.

Signature Date

Printed Name
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Medical Department
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Title: Fluorochemical Exposure Assessment of Decatur Chemical and Film Plant
Employees

Final Report Date: August 11, 1999

Study Start Date: September 3, 1998 Protocol Number: EPI-0006
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IRB Approval Date: Sepiember3, 1998

Study Archive Number: ARCH-021
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001280



am
EpLoo0s

Page 20185

QUALITY ASSURANCE STATEMENT
TITLE OF STUDY: Fluorochemical Exposure Assessment of Decatur Chemical andFilm Plant Employees

The above study was examined for quality assurance in keeping with the spirit of TheGuidelines for Good Epidemiology Practices for Occupational and EnviromentalEpidemiologic Research as published by the Chemical Manufacturers AssociationEpidemiology Task Group. The final report was determined to be an accurate reflectionof the data obtained. The dates of Quality Assurance activities on this study are listedbelow.

Study Initiation Date: 09/03/98 Study Completion Date: 08/11/99

TYPE OF AUDIT: | DATE OF| DATE FINDINGS DATEAUDIT | REPORTEDTO| FINDINGS
PRINCIPAL | REPORTED TO

INVESTIGATOR 3M
ANDSTUDY |MANAGEMENT
DIRECTORProtocol, Draft Protocol 06728159 06728795 06728759Addenda, Data File, Draft

Final Report
(EinalRepon | 08/09/99| 08/0999| soo

Archiving: Al raw data and the final report will be fled in the Occupational Medicineepidemiology archive system.

Signatures (and date) ofQA Audit Team Fpusse£dlink ¢lil17

Loire APopsy. 8/ajag
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ABSTRACT

In the past, employees at the 3M Decatur chemical plant have voluntarily

participated in a fluorochemical medical surveillance program. ~ Analysis of the.

surveillance data has not shown significant associations between the employees’ clinical

chemistry and hematology tests and either total serum organic fluorine or serum PFOS

(perfluorooctane sulfonate) levels. However, the voluntary nature of the historical

‘medical surveillance program did not provide for a complete understanding of the

distribution of fluorochemical serum levels in the Decatur workforce. Therefore, the

purpose of this study was to collect data by randomly sampling employees in the Decatur

chemical plant inorderto determine the distribution of employee serum fluorochemical

levels according to demographics, current and longest held jobs, years worked and

building locations. In addition, a random sample of the neighboring 3M Decatur film

plant employee population, located at the same site, was tested to determine

fluorochemical serum levels in order to characterize the differences between the two.

plant populations.

A total of 232 employees was randomly selected for serum sampling: 186 (80%)

participated in the blood collection which occurred in the Fall, 1998. An additional 77

employees requested blood testing for the determination of fluorochemical levels. Of the.

random sample of employees who participated, 126 were from the chemical plant and 60

from the film plant. There were 61 volunteers from chemical and 16 volunteers from

film; thus, all chemical participants numbered 187 employees and all film participants

numbered 76 employees. At the time of blood collection, employees responded to a two-

page questionnaire that inquired about their current and longest held jobs, the buildings
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they had worked in(if chemical employees). and possible routes of oral ingestion of

fluorochemicals through cigarette smoking, chewing gum, chewing tobacco and hand

washing practices.

Sera samples were extracted using an ion-pairing extraction procedure. The

extracts were quantitatively analyzed for PFOS (perfluorooctane sulfonate), PFHS

(perfluorohexane sulfonate), POAA (perfluorooctanoic acid), PFOSAA (N-ethyl

perfluorooctanesulfonamido acetate) PFOSA (perfluorooctane sulfonate amide), MS70

(N-methyl perfluorooctanesulfonamido acetate) and M556 (perfluorooctanesulfonamido

acetate) using high-pressure liquid chromatography/electrospray tandem mass

spectrometry (HPLC/ESMSMS) and evaluated versus an extracted curve. PFOS, PHS,

POAA, PFOSAA and PFOSA levels were determined by Northwest Bioanalytical

Laboratory. M570 and M556 levels were determined by the 3M Environmental

Laboratory.

The overall arithmetic means (and range) and the geometric means and ( 95%

confidence interval) of the random sample of chemical employees (n = 126) for the seven

fluorochemicals are presented below (in ppm):

Chemical Plant

Arithmetic Mean (and Range) Geometric Mean (and 95% CI)

PFOS 1.505 (0.091-10.600) PFOS 0941 (0.787 1.126)
PFHS 0.345 (0.005 -1.880) PFHS 0.180 (0145-0223)
POAA 1536 (0.021 -6.760) POAA 0899 (0.722 1.120)
PFOSAA 0.023 (0.001 -0.269) PFOSAA 0.008 (0.006-0011)
M570 0.151 (0.008 -0.992) M570 0.081 (0.067 - 0.098)
PFOSA 0062 (0.0005-0612) ~~ PFOSA  00I3 (0.009-0018)
M556 0052 (0.001 - 0.406) M56 0022 (0018-0029)
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‘The overall arithmetic means (and range) and geometric means ( 95% confidence

interval) of the random sampleoffilm plant employees (n = 60) for the seven

fluorochemicals are presented below:

FilmPlant

Arithmetic Mean (and Range) Geometric Mean (and 95% CI)

PFOS 0.172 (0015-0946) PFOS 0.136 (0.114-0.161)
PFHS 0023 (0001-0210) PFHS 0014 (0011-0018)
POAA 0071 (0.006 -0.298) POAA 0.049 (0.039 -0.062)
PFOSAA 0004 (0001-0038)  PFOSAA 0.003 (0.002-0.003)
M570 0020 (0.001-0454) M570 0.008 (0.006 -0.011)
PFOSA 85% of samples <LLOQ* PFOSA 85% of samples < LLOQ*
M556 0008 (0.0001-0307) _ M556 0.003 (0.002 -0.004)
LLOQ = lower limit of quantitation for PFOSA ranged from 0.001 - 0.010 ppm.

‘The above values showed high variability according to the employees’

demographics, work history and building locations. Among the random sample (n =

126) of chemical employees, cell operators had the highest serum levels of PFOS.

(geometric mean = 1.970 ppm) and PFHS (geometric mean = 0.697 ppm). However, sera

from chemical operators and maintenance workers had the highest levels of other

fluorochemical analytes (PFOSAA, M570, PFOSA and M556) a characteristic likely due

to their work in Buildings 3 and 4N with fluorochemical alcohols, amides and acrylates.

For example, chemical operators had a geometric mean levelof0.131 ppm for M570

compared to 0.033 ppm for cell operators, 0.042 for mill operators and 0.079 ppm for

waste operators. POAA levels were above the geometric mean of 1.000 ppm for

employees with current jobs of cell operators (1.428 ppm), chemical operators (1.887

ppm), maintenance workers (1.095 ppm) , mill operators (1.26 ppm) and waste

operators (1.542 ppm). Employees with the job categories of engineer/lab and secretary
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had the lowest serum fluorochemical levels. PHS, and to a lesser extent PFOS, were

positively associated with years worked in the chemical plant. The remaining

fluorochemical analytes were not routinely associated with years worked in the chemical

plant by job categories. We did not observe an association between hand-to-mouth usage

or hand cleanliness (frequency of washing hands) and serum fluorochemical levels.

Like their male counterparts, female chemical operators appeared to have

increased PFHS levels with years worked. However, unlike their male counterparts,

there was no apparent modest linear association between PFOS and years worked among

female chemical operators. Whether this is due to different work practices, exposure

‘pattems or pharmacokinetics once absorbed, remains to be determined. The sample size

itself (n = 10 female chemical operators in random sample), is an important, limiting

factor in the interpretation of these data

The data also indicate significantly lower serum fluorochemical levels among,

employees who have only worked in the film plant Gi.¢., defined as those employees in

the random sample who have worked only in the film plant with no prior work on the D-1

‘maker located in the film plant or previous work history in chemical. The D-1 maker uses

FX-1801, a methyl FOSE amide). There were significantly lower serum fluorochemical

levels among these employees who have only worked in the film plant when compared to

those who are current chemical plant employees. Comparing the geometric means for

each fluorochemical from the random sampleof chemical operators and those employees.

who only have worked in the film plant, we observed the following ratios (in ppm):

PFOS (1.481/0.110); PFHS (0.428/0.015); POAA (1.887/0.052); PFOSAA (0.011/0.002);

M570 (0.229/0.022); and M556 (0.044/0.003). Except for PFOSAA, these ratios suggest

a 10-fold or greater difference between chemical operators and film plant employees who

001285



3M
EPLO00S

Page 7 of85
work several hundred yards away from Building 3. This only film plant employee group

had a geometric mean value for PFOS that is approximately 3-4 times higher than the

pooled geometric mean (0.029 ppm) from 64 samples obtained from 18 U.S. blood

banks. Thus, we suspect that occupational exposure to PFOS does occur within the film

plant although at much lower levels than among employees working at the chemical

plant. Additionally employees who worked on the D-1 maker have serum PFOS levels

approximately 3 times higher than those employees who have never worked on the D-1

‘maker nor have worked in the chemical plant i.c., the only film plant employees).

‘We did not observe an association between hand-to-mouth usage or hand

cleanliness (frequency of washing hands) and serum fluorochemical levels. Itis possible

an association might have been masked because industrial hygiene had instituted an

aggressive educational campaign several months prior to the collection of blood samples

in this study; thus current practices may not be indicative of past practices. Because the

half-life of PFOS is estimated to be 1000 days or more, such an association may not be

discoverable with this study design.

A limitation to this study design which must be considered in the interpretation of

the data was our inability to more accurately quantify an employee's work history

experience. Decatur work history records provide department numbers and job titles but

they do not provide information regarding where someone worked (e.g., what building(s)

orwith what specific fluorochemicals). Self-reported work history information obtained

by questionnaire was highly correlated with Decatur work history record information;

nevertheless, the specificity of where someone worked and with what chemicals was not

known. Because many operations are in batch mode, the likelihood of determining

specificity of historical workload fluorochemical exposure among chemical operators
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was not possible.

The present study's sera fluorochemical levels, observed by job categories and

building locations, strongly support the recommendations borne from recently conducted

industrial hygiene assessments. These recommendations include specific engineering

controls to reduce inhalation exposure, appropriate personal protective equipment to

prevent overexposure and appropriate personal hygiene practices among employees to

remove skin concentrations.

Finally, PFOS and POAA serum levels measured in this study are similar to those:

that have been previously reported via past biennial medical surveillance activites.

Results of previous epidemiologic studies have not associated the serum PFOSor POAA

levels observed in this study population with hepatic, lipid or hormone abnormalities.
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INTRODUCTION

In the past, employees at the 3M Decatur chemical plant have voluntarily

participated in a fluorochemical medical surveillance program. The surveillance program

analyzed for total serum organic fluorine levels until the mid-1990's when serum

perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (POAA) determination,

quantifiable by high performance liquid chromatography mass spectrometry, became

incorporated in the biennial medical surveillance examinations. Analysis of the.

surveillance data has not shown significant associations between the employees” clinical

chemistry and hematology tests and either total serum organic fluorine levels (Roach,

1982; Schuman, 1982)or serum PFOS levels [Olsen et al, 1999]. However, the

Voluntary nature of the medical surveillance program may not lend itself to an

appropriate characterization of the distribution of fluorochemical serum levels as itis not

based on random sampling methods. Therefore, the purpose of this study was to collect

data from the necessary distribution by randomly sampling employees in the Decatur

chemical plant in order to determine the distribution of employee serum fluorochemical

levels according to demographics, current and longest held jobs, years worked and

building locations. In addition, a random sample of the neighboring 3M Decatur film

plant employee population, located at the same site, was tested to determine

fluorochemical serum levels in order to characterize the differences between the two

plant populations.

The film plant employees have served as a comparison population in a prior

health study (Mandel and Johnson, 1995) due to their (assumed) nonoccupational

exposure to fluorochemicals. However, their actual serum fluorochemical levels had not

been discerned. Epidemiologic studies at the Decatur plan can be more fully appreciated
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if the distributionsof employee serum fluorochemical levels at both the chemical and

film plants are better understood.

METHODS

Description of Decatur Facility

‘The 3M Decatur site is located in Decatur, Alabama which started production in

the early 1960's. The site consists of two plants, Specialty Film “film plant” and

Specialty Materials “chemical plant”. Both plants are in the Specialty Materials

Manufacturing Division (SMMD). The chemical plant is located several hundred yards

directly east of the Film Plant. The main buildings located on the site are Buildings 1,2,

3,5,14,15,17,19, 31, 36, 38, 40, 42, 48, 49, 51, 57, 59 and 61 (see Appendix A).

Buildings 14, 15 and 19 are considered film plant buildings. Buildings 1,2, 3, 31, 38, 40,

42,48,49, 51 and 61 are considered chemical plant buildings. Building is the boiler

house that controls site utilities such as chilled water, plant steam, plant nitrogen and

breathing air. Building 5 is located southwest of the chemical plant. Building 17 serves

as the maintenance and stockroom building located just west of Building 5 servicing

‘mainly the chemical plant. Buildings 36 and 57 are site wastewater treatment buildings

located east of the chemical plant.

‘The major production buildings in Decatur film plant are Buildings 14, 15 and 19.

Polyester and non-polyester films are produced in Building 14. Maintenance, locker

rooms, and dining facilities are all located in areas of Building 14. Resin used in film

production is manufactured in Buildings 15 and 19. The only process in the film plant

using fluorochemicals is run on the D-1 film line (called the D-1 maker). The process
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uses FX-1801 in the production of film used fora limited number of products. Currently,

no other processes in the film plant use fluorochemicals in production.

The three major products produced in the chemical plant are protective chemicals,

performance chemicals, and fluoroelastomers. The three product groups are referred to

as focus factories. Fluorochemicals identified in this study are used in all focus factory

groups to some extent. Production for all focus factories takes place in Buildings 2, 3,4,

38,40,42, 49, 51 and 61. The chemical plant's main office areas, warchouse and quality

control labs are located in Building 1. The chemical plant's dining facility and locker

rooms are located in Building 31.

Raw materials and intermediates for each product group may flow through many

different production buildings before they are packaged for shipping. The flow of

protective chemicals follow a path starting at Building 3 to Buildings 2 or 49 to Buildings

3,4,38 or 51. The protective chemicals group is the primary producer of

perfluorooctane sulfonyl fluoride (POSF) and perfluorohexane sulfonyl fluoride (PHSF)

based chemistry. Octyl mercaptan or hexyl mercaptan is reacted with chlorine and

ammonium fluoride to produce octane sulfonyl fluoride (OSF) or hexane sulfonyl

fluoride (HSF) in Building 3 and is referredto as the “cell feed". The cell feed is sent to

Buildings 2 and 49 where it is reacted in electrochemical cell systems to produce POSF

or PHSF. POSE is the major sulfonate based fluorochemical produced at Decatur. PHSF

is produced mainlyfor fire suppression liquids. Most of the POSF produced is piped to

Building 3 where amides, alcohols, acrylates and other fluorochemical polymers arc

produced. These fluorochemical polymers are then used in all production buildings to

produce intermediates and finished goods.
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The performance chemicals are mostly made up of inert liquids and fire

suppression liquids. The inert liquids follow a path starting at Buildings 2 or 49 to

Buildings 40 or 42. Inert liquids consist of mostly perfluoronated alkanes and do not

contain sulfonate or carboxylic acid compounds. Fire suppression liquids are primarily

based on sulfonate chemistries starting with POSF and PHSF. Fire suppression products

are made in Building 3 and packaged in Building4.

Fluorochemicals are used in the productionoffluoroelastomer products. The first

part of the fluoroelastomers is called latex, which is produced in Buildings 4, 38 and 51.

‘The latex is then coagulated, washed and milled in Buildings4 and 61. POSF based

compounds are the primary fluorochemicals of interest used in the majority of

fluoroelastomer products. POAA is also used in a limited numberoffluoroelastomer

product runs. POAA is used in the production of latex that is eventually coagulated,

washed, and milled in Buildings 4and 61. This POAA containing product is run

infrequently, only several times per year. POAA is also a by-product within the

electrolytic cells and is carried through up to product. It is believed to be a result o f

increased oxidation within the cells. POAA was produced in Building 2 and

subsequently worked up in Building 3 more than 20 years ago and had not been produced.

in Decatur since the time of this study. POAA production is expected to resume in

Buildings 2 and 49 in the near future.

001291



3M
EPLOODS

Page 13 0f85
Sample Size Determination

Three critical factors were considered to decide the sample size for this study.

First, it was important that a sample be randomly chosen from the employee populations

of both the chemical and film plants. Second, the sample size was driven by the need to

provide confidence that the exposure in the film plant is small relative to that of the

chemical plant. Third, the sample size had to adequately characterize the exposure levels

within the chemical plant workplace. In addition, all employees in the chemical and film

plant had to be offered the opportunity to know their fluorochemical levels via blood

testing, although they may not be part of the random sample. The random sample size in

this study of more than 200 subjects was based on: 1) the lower 95% confidence bound

of the hypothesized mean difference between the serum fluorochemical levels of the

chemical plant; and 2) to allow for adequate characterization of serum fluorochemical

differences by job and building within the chemical plant (see study protocol for details).

There was an added degree of uncertainty in estimating sample size because

approximately 10 percent of the film plant employees may have had prior work

experience in the chemical plant. Also, an unknown number of film plant workers had

worked on the D-1 maker where a PFOS-based fluorochemical (FX 1801, a methyl FOSE

amide) has been used.

‘The random sample was chosen by the following methods: a) all full-time current

chemical and film plant employees were identified via a current plant roster that listed

departments and supervisors; b) using a random number generator algorithm, a sample of

‘employees was chosen which was proportionate to the number of employees who worked

in the various chemical departments, auto and chemical markets group, Decatur EHS&R,

Dyneon, and the film plant. We included in the random sample all identified Decatur
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site employees who were assigned to the wastewater treatment plant (Buildings 36 and

57). Altogether, there were 232 employees randomly chosen to participate in the study

(Table 1).A total of 186 (80%) participated and 46 (20%) refused. The film plant

random sample had the lowest participation rate (71%). In addition to the 186 random

sample participants, there were77 employees from the chemical (n = 61) and film (n =

16) plants who requested their serum be tested for fluorochemical levels. Hereafter,

these individuals will be called the "volunteers."

Employee Study Participation

Study participation required the following: 1) a signed consent form by the

employee; 2) a written response to a brief questionnaire (Appendix B) that inquired about

current and past work history along with the frequency of hand washing and use of gum,

chew (tobacco) and cigarette habits of the employee while at work; and 3) a

venipuncture with the collection of two vials of blood (approximately 20 ce) for the

determination of the seven fluorochemicals. The study protocol was approved by the 3M

Institutional Review Board (IRB).

Each randomly chosen employee (film and chemical) received a letter of

invitation to participate that was jointly signed by the plant manager (Mr. Jim King) and

the 3M Medical Department director (Dr. Larry Zobel). There was plant-wide

communication which described the purpose of this study and encouraged employee

participation. All study participants, who were either randomly chosen or who

volunteered, were informed of their own individual results by a letter sent to them from

the 3M Medical Department in July, 1999. Aggregate results of the study were also

communicated at that time to the employees.
001293



3M
EPL0006

Page 15 of 85

Fluorochemical Analyses

All blood was collected in the months of October and November, 1998 at the

Decatur plant by MedAccess (an occupational health clinic located in Decatur, Alabama)

under the direction of Cathy Simpson, RN who centrifuged the bloodto obtain the serum

and then shipped the samples to the 3M Medical Department (St. Paul, MN). Split

samples were catalogued by Diane Madsen and Jean Burris and then senttoeither

Northwest Bioanalytical (Dr. David Vollmer) for determination of perfluorooctane

sulfonate (PFOS), perfluorooctane sulfonate amide (PFOSA), perfluorohexane sulfonate

(PFHS), perfluorooctanoic acid (POAA) and N-ethyl perfluorooctanesulfonamido

acetate (PFOSAA)orto 3M Environmental Laboratory (Dr. Kris Hansen) for

determination of N-methyl perfluorooctanesulfonamido acetate (M570) and

‘perfluorooctanesulfonamido acetate (M556).

In both laboratories, sera samples were extracted using an ion-pairing extraction

procedure. The extracts were quantitatively analyzed for PFOS, PFHS, POAA,

PFOSAA, PFOSA, M570 and M556 using high-pressure liquid

chromatography/electrospray tandem mass spectrometry (HPLC/ESMSMS) and

evaluated versus an extracted curve, There were minor differences between the

analytical methods used at Northwest Bioanalytical and 3M Environmental Laboratory.

Most notably, Northwest Bioanalytical evaluated analyte levels versus a curve extracted

from human sera. Endogenous levels of certain fluorochemicals were determined in the

standard matrix and additional fluroochemical was spiked into the matrix. The total

‘amount of each specific fluorochemical (endogenous + spiked) was used to construct an

extracted standard curve. For the analysis conducted at the 3M Environmental
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Laboratory, the difficulties presented by the endogenous levels of fluorochemical in

samples of "blank" test matrix were circumvented by utilizing rabbit sera as a surrogate

matrix. Previous research had shown that rabbit sera contains the lowest level of

endogenous fluorochemicals when compared to sera from bovine, rat, monkey and

human.

‘Asa quality control check, the 3M Environmental Laboratory screened PFOS

levels in approximately 10% of the sera analyzed at Northwest Bioanalytical. While most

of the results agreed to within 25%, 14 of the 40 samples checked showed lower (>%

25%) values when analyzed at 3M. It is expected that these discrepancies are due to

differences in curve slope and intercepts arising from the analytical differences described

above. Given that Northwest Bioanalytical satisfactorily completed a method validation

for PFOS using human sera and given that most values were in close agreement with

those obtained by the 3M Environmental Laboratory using a rabbit sera curve, data from

both laboratories were considered accurate to within the parameters defined by their

methods. Details of both laboratories’ methods and final reports are reported elsewhere

(Vollmer, 1999; Hansen, 1999].

Data Analysis

Each employee's questionnaire data and computerized work history records were

reviewed to determine whether the employee was: a) a current chemical employee

(regardless of any work experience in the film plant); b) a film plant employee with no

history in chemical;or ¢) a film plant employee with prior history in chemical.

Employees who were considered Decatur ‘site’ employees (e.g., safety, industrial
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hygiene) and who stated they currently worked in one or more chemical buildings were

considered to be chemical employees in the data analyses.

Employees were asked to provide their current and longest-held job. A review of

these job titles by an industrial hygienist (PWL), epidemiologists (GWO, JMB) and

occupational health nurse (CAS) categorized the entries into eight job classifications for

the chemical plant: cell operators, chemical operators, engineers/laboratory, maintenance,

mill operators, secretaries, supervisors/management and waste operators. Film plant

current jobs (and longest held jobs) were categorized into four job classifications:

engineers/laboratory, film processors, maintenance and administrative. These

classifications were done prior to any data analyses. The individual's usual job

assignment when he/she worked overtime was not analyzed as most persons reported this

was the same as their current (or longest held) job. Employees were asked on the study

questionnaire to indicate the number of years they have worked in chemical. This

information correlated with a review of records from the epidemiology unit's Decatur

work history database for those employees with 7000 level department codes; thus these

self-reported data were used to assess years worked in chemical. On the other hand,

years worked in film were calculated from the epidemiology unit's Decatur work history

database because this information was not requested on the study questionnaire.

Chemical employees who had worked previously in the film plant were identified and

classified as to their time of service in the film plant (< 1980, 1980-1989 and 1990-1998).

Age was calculated from the employee's date of birth from the epidemiology

unit's Decatur work history database. Body mass index (kg/m?) was calculated based on

the information provided by the employee on the questionnaire. An index of hand-to-

mouth contact was calculated based on whether the person smoked cigarettes, chewed
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tobacco or chewed gum. An index of hand washing was based on whether or not the

employee said they always washed their hands before cating while at work.

Through the use of SAS and JMP and employing standard statistical techniques

(student's t test, chi square, ANOVA, single and multivariable regression using linear

and nonlinear analyses), data analyses concentrated on the following issues: 1) compare:

responders and nonresponders in the random sample bytheirdemographic characteristics

(e.g, age, gender, years worked); 2) compare mean serum fluorochemical levels within

the chemical plant by 2) employee demographics, b) self-reported work history data

based from the study questionnaire including current job, longest-held job, years worked

in chemical and in which chemical buildings; ¢) work history information supplemented

with data from the 3M epidemiology unit's computerized comprehensive work history

record database for the Decatur site, and d) personal habits (also identified on the study

questionnaire) that were hypothesized to increase the likelihood of oral ingestion of

fluorochemicals (e.g., hand washing, cigarette smoking, chewing tobacco and chewing

gum); and 3) likewise, compare mean serum fluorochemical levels within the film plant

by similar factors. To prevent misclassification of potential workplace exposure

experience to fluorochemicals within the film plant, we analyzed samples from film plant

employees according to those who have and have never worked in the chemical plant as

well as those who were identified as having worked on the D-1 maker located in the film

plant. Film plant employees who had never worked on the D-1 maker nor ever worked in

chemical are hereafter referred to as “only film plant employees.”

Because the serum distributions for PFOS, PHS, POAA, PFOSAA, MS70,

PFOSA and M556 appeared log normallydistributed (a skewed distribution), natural log

transformations of the fluorochemicals were performed to calculate geometric means
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(€™"9) and statistical calculations regarding central tendency were primarily based

on the geometric mean. The random variable X is said to have a log normal distribution

if log X is normally distributed, that is, if X is of the form ¢" where Y is normal (i.c., the

normal bell shaped curve). The pertinent properties ofa log normal distribution can then

be derived from properties of the normal distribution. The mean and variance are of the

‘normally distributed Y, that is, of log X. The log normal distribution finds applications in

a wide variety of fields including exposure assessments in nature (whether of humans,

‘mammals, etc).

Provided in Appendices C and D are the histograms of the seven fluorochemicals

as measured for employees in the chemical and film plants, respectively, using statistics

derived from the normal distribution along with the natural log transformation of the

distribution. The Shapiro-Wilk W test suggests the necessity of the log transformation.

Measuresofcentral tendency routinely presented throughout this report will include the

arithmetic mean and range, and the geometric mean and associated 95% confidence

interval. Comparisons of geometric means were conducted using the student'st test with

statistical significance considered atp < 05.

All fluorochemical measurements were reported in parts per million (ppm) to the

third decimal point. For statistical purposes, serum fluorochemical values that were less

than the lower limit of quantitation (LLOQ) were assumed the midpoint between zero

and the LLOQ. Of the total number (n = 186) of employees considered to be currently

working in chemical who participated in the study (126 from the random sample and 60

volunteers), the following numbers (in parentheses with percentage) had reported

LLOQ's by the measured fluorochemical: PFOS (1, 0.5%); PHS (1, 0.5%); POAA (0,

0%); PFOSAA (49, 26%); MST0 (0, 0%); PFOSA (36, 19%); and M556 (8, 4%).Ofthe
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total number (n = 76)of employees considered to be current film plant (60 in the random

sample and 16 volunteers), the following numbers (in parentheses) had reported LLOQ's

by the measured fluorochemical: PFOS (1, 1%); PFHS (2, 2%): POAA (0, 0%);

PFOSAA (29, 38%); M570 (0, 0%); PFOSA (65, 86%) and M556 (32, 42%). We chose

not to analyze PFOSA among the film plant employees because 85% of them had serum

PFOSA measured at less than LLOQ which resulted in minimum variability for statistical

considerations. The LLOQ for PFOSA ranged, between analyses, from 0.001 10 0.010

ppm. Analyses focused on the random sample but aggregate data analyses were also

‘conducted for all participants (random sample and volunteers) stratified by the two

plants.

RESULTS

Comparison of random sample responders and nonresponders

Responders (n = 186) and nonresponders (n = 46) from the random sample were.

compared by age, gender and years worked and found to be alike. Among the chemical

random sample, the average age was 42 years compared 0 43 for nonresponders.

Responders and nonresponders have worked, on average, 16 years. There wasa similar5

0 1 ratio of male to female employees for the responders and nonresponders among

chemical employees.

Film plant employees who responded were, on average, 46 years of age, had

worked 19 years and the ratio of male to female was 5 to 1. Nonresponders were 48

years of age, had worked 25 years and had a 7 to 1 male to female ratio. Thus,

nonresponders in the film plant random sample were slightly older, worked longer and a

greater percentage were males.
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Overall Findings

‘The arithmetic mean (and range) of the random sample as well as the geometric:

mean and ( 95% confidence interval) of chemical employees (n = 126) for the seven

fluorochemicals are presented below (in ppm):

Chemical Plant

Arithmetic Mean (and Range) Geometric Mean (and 95% CI)

PFOS 1505 (0.091-10.600) PFOS 0941 (0.787 - 1.126)
PFHS 0345 (0.005 -1.880) PFHS 0.180 (0.145 -0.223)
POAA 1536 (0.021 -6.760) POAA 0899 (0.722- 1.122)
PFOSAA 0023 (0.001-0269)  PFOSAA 0.008 (0.006-0011)
M570 0.151 (0.008 - 0.992) M570 0081 (0.067 -0.098)
PFOSA 0062 (00005-0612) ~ PFOSA 0013 (0.009-0018)
M556 0052 (0.001 - 0.406 M56 0022 (0.018 -0.029)

‘The arithmetic mean (and range) of the random sample as well as the geometric

mean and ( 95% confidence interval)of the film plant employees (n = 60) for the six

fluorochemicals are presented below:

Film Plan

Arithmetic Mean (and Range) Geometric Mean (and 95% CI)

PFOS 0.172 (0.015-0.946) PFOS 0.136 (0.114-0.161)
PFHS 0023 (0001-0210) PFHS 0014 (0.011-0.018)
POAA 0.071 (0.006 -0.298) POAA 0.049 (0.039 -0.062)
PFOSAA 0.004 (0.001 -0.038) PFOSAA 0.003 (0.002 -0.003)
M570 0020 (0.001 -0454) M570 0.008 (0.006-0.011)
PFOSA 85% of samples <LLOQ* PFOSA 85% of samples < LLOQ*
M556 0008 (0.0001 -0307) _MsS6 0.003 (0.002 -0.004)
LLOQ = lower limit of quantitation for PFOSA ranged from 0.001 - 0.010 ppm.

Because the above values may be highly variable by employees’ demographics, work

history and personal habits, subsequent analyses will focus on cach plant separately
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Tables 1 - 21 provide the results from the chemical plant. Tables 22 - 20 provide the

results from the film plant

Chemical Plant

Provided in tables 2 and 3 are the demographic characteristics by the number of

chemical employees (and percent) from the random sample (n = 126), volunteers (n = 60)

and all chemical participants (both random sample and volunteer, n = 186). The

distribution ofdemographic characteristics between the random sample and volunteers

were comparable although the random sample had a higher percentageof chemical

operators (37%) than did the volunteers (28%).

‘The mean, median, range and geometric mean of the random sample, volunteers

and all chemical participants, is provided in Table4 for the seven fluorochemicals. The

range of PFOS was from 0.091 - 10.600 ppm. Although the geometric means were

consistently higher in the random sample than volunteers, only with PFOSA did the

‘geometric mean differ significantly between the random sample (0.013 ppm) and the

volunteers (0.006 ppm). It should also be noted that among the random sample, five

employees had serum PFOS levels > $ ppm compared to none among the volunteers.

Because the demographic characteristics and geometric means did not substantially differ

between the random sample and volunteers, subsequent tables wil report on cither the

random sample and/or all chemical participants. The volunteers will not be presented

separately.

Presented in Table S are the demographic characteristics of the random sample of

chemical employees by current job category (cell operator, chemical operator,

engineer/lab, maintenance, mill operator, secretary, supervisor/management and waste:
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operator). Supervisors/imanagement (mgmt) and waste operators were the oldest with

mill operators the youngest. Mill operators have worked considerably less years, on

average, than all other job categories. This is to be expected since mill operator is an

entry level position for new employees. The number (and proportion)of female:

‘employees were similar between the chemical operators and the engineer/lab group.

Provided in table 6 is the mean, median and geometric mean for each of the seven

fluorochemical levels by gender, hand-to-mouth contact, wash hands and whether the

individual had worked only in the chemical plant. Geometric mean levels for males were

significantly higher than females for PFOS, PFHS, POAA and MS70. We did not

observe, as hypothesized, that hand-to-mouth contact (via use of cigarettes, chewing

tobaccoor chewing gum) and less frequent hand washing resulted in higher

fluorochemical serum levels. Also, having worked only in chemical did not result in

higher serum fluorochemical levels. We did observe that the further back in time that

chemical employees worked in the film plant, the larger their geometric mean values

were, as measured in this study. For example, the geometric mean values for chemical

employees who last worked in the film plant prior to 1980, between 1980-1989, 1990-

1998 and never worked in the film plant were 1.656 ppm, 1.551 ppm, 0.786 ppm and

0.700 ppm, respectively. Of course, this is also a reflection of the number of years

worked in the chemical plant (to be presented later in this section). That s, the

employees who worked in the film plant prior to 1980 had subsequently the longest

continuous work history in chemical since 1980.

Fluorochemical levels by current job category are presented in Table 7. Several

observations were noteworthy. First, the distributionofhigh-to-low geometric mean

values varies by current job categories. Cell operators have the highest geometric mean
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level of PFOS. The next group are the chemical operators, maintenance and waste

operators. Supervisor/memt is next, followed by the group consisting of mill operators,

engincerflab and secretary. For PFHS, cell operators have the highest geometric mean

level. The next highest group appears to be chemical operators, waste operators,

supervisor/mgmt and maintenance. For POAA, chemical operators appear to have the

highest levels followed by the group consistingofcell operators, maintenance, mill

operators and waste operators. Chemical operators and maintenance have significantly

higher levels of M570 than all other current job categories. Chemical operators,

maintenance and mill operators have the highest geometric mean values for PEOSAA.

PFOSA and M556 values were significantly higher for chemical operators than for most

other job categories.

Fluorochemical ratios (PFOS/PFHS, PFOS/POAA,

PFOS/(PFOSSA+MST0+PFOSA+MSS6), MST0/MSS6, PROSAA/MSS6 and

PFOSA/MSS6) are presented by current job category in Table 8. The cell operators had

the lowest PFOS/PFHS ratio and the mill operators had the lowest PFOS/POAA ratio.

‘The largest PFOS/metabolite ratio was for the cell operators.

Tables 9-11 are identical to Tables 7-9, respectively, except that the employees"

longest job is analyzed instead of the current job category. Cell operators are not

included as there was only one cell operator who stated this was his longest job held. The

highest PFOS, PFHS and POAA levels were observed among chemical operators.

Maintenance and chemical operators had higher M570 and PFOSAA levels. Overall,

results did not vary substantially between current job and longest held job.

Table 12 is restricted to only those chemical employees who stated on the

questionnaire that they currently work in just one location (building). Because building
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Tocation is synonymous with job category for cell operators, Buildings 2/49 had the

highest PFOS and PFHS levels. Building 3 and Building 4N represented the areas with

the highest POAA levels although only one building, Building 1, had substantially lower

POAA levels when compared to the other locations. M570, PFOSAA and MSS6 levels

were highest in Building3. Buildings 3 and 4MX (MX = mixer/extruder area) appeared

to have comparable levels of PFOSA. Among the 5 employees who only worked in

Building 4N, there was a wide range of PFOSA levels.

Because employees may currently work in only one building but have had a past

history of working in several buildings, we further restricted the analyses to only those

employees who said they have only worked in one building throughout their

employment. This restricted the number of subjects to just 21 individuals (17% of the

random sample) with representation in these Buildings: 1, 3 and 4MX. Table 13 shows

that PFOS levels were more than 5 times higher in the sera of Building 3 workers than in

the sera of Building 1 or Building 4MX workers. PFHS levels were almost 10 fold

higher. POAA levels were twice as high in sera of Building 3 workers compared to

Building 4MX workers and more than 15 times higher than Building 1 workers. MS70

and M5S6 levels were times higher in Building 3 workers than Buildings 1 or 4MX.

PFOSAA and PFOSA levels were comparable between Building 3 and Building 4MX

workers and lowest in Building 1.

Tables 14 through 21 provide similar data analyses as the previous tables but now

represent the 187 total (random sample and volunteers) chemical participants. There

were no substantial differences between the analyses of the random sample and of all

chemical participants. For example, among all chemical participants, mill operators were

the youngest employees (Tables 14, 17); most female employees were either in the
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current and longest job category of chemical operators or engineer/lab (excluding

secretary) (Tables 15, 18); cell operators had the highest PFOS and PFHS serum levels

and engineer/lab, secretary and mill operators had the lowest PFOS and PFHS serum

levels (Tables 16, 19); and chemical operators and maintenance workers had the highest

levels of M570 and tended to also have the highest serum levels of PFOSAA, PFOSA

and M56. Fluorochemical levels stratified by where employees only currently work.

(Table 20), or have only ever worked (Table 21), were also comparable with the results.

from the random sample. All chemical participants who have only worked in Building 1

had lower fluorochemical levels than Building 3 workers for all seven fluorochemicals

(Table 21). Building | workers had lower PFOS, POAA, PFOSAA and PFOSA levels

than Building 4MX employees. PFHS, M556 and MS70 levels were similar in Building

1 workers and Building 4MX workers.

A series of multivariable analyses (data not shown) examining each

fluorochemical by several independent variables (c.g. age, body mass index, gender,

current job, longest-held job, whether employed only in the chemical plant, years worked

in the chemical plant) suggested there may be up to three important explanatory

variables. These were current (or longest) job, years worked within the chemical plant

and gender.

To better visualize the influence of years worked within chemical on serum

fluorochemical levels, we stratified the analyses by current job categories. In other

words, the dependent variable (i.c., each specific fluorochemical) was regressed on years

worked in chemical for each separate job category. These linear regression analyses

employed the untransformed as well as transformed (natural log) dependent variable.

Analyses were conducted for the random sample (n = 126) as well as for all chemical
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participants (n = 187). Presented in Appendix E are the analyses for cach fluorochemical

for the random sample (n = 126) and then separately for chemical operators, engineer/lab,

maintenance, mill operators and supervisors/mgmt. Cell operators and secretaries are not

presented becauseof their insufficient population.

From the scatterplots and models presented in Appendix E, the following were.

observed. (Note: in Appendices fluorochemicals are presented in the following order

PFOS, PFHS, POAA, PFOSAA, M570, PFOSA and M56. For the scatterplots, upper

and lower 95% confidence curves are provided of the fitted line. First, for the entire:

random sample, only the PFHS model fit the data well with 22 percent of the variation of

PFHS explained by an increase in years worked in chemical. PFOS levels increased

modestly with years worked in chemical although the variance explained remained small

(*=.10). Although intercepts may have been significant for other fluorochemical

models for the entire random sample, the variance explained was consistently quite small

(i. less than 3 percent); thus such models have minimum prediction. Among chemical

operators the most significant observation was the findingof a linear increase of PFHS

levels with increasing years worked in chemical. Thirty-four percent of the variation in

PFHS was explained. There were weaker positive linear associations between POAA or

PFOS and years worked in chemical. On the other hand, there appeared to be a

suggestion that the highest levels of the fluorochemical analytes (PFOSAA, M570,

PFOSA and M556) were most often observed among chemical operators with just one or

two years of experience. Among the engineerflab group, there was a weak association

between scrum PFOS levels and years worked in chemical. The strongest association

observed among maintenance workers was the linear increase of PFHS levels with years

worked in chemical. Like the chemical operators,a significant amount of variation was
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group, PFOS, PFHS and POAA increased with years worked in chemical.
Approximately 15 percent of the variation was explained in each model. Model fit was
poor for the mill operators because all but two had worked for 5 years or less; thus only
scatterplots are presented (not regression models).

The natural log transformations are presented in AppendixF for all chemical
‘employees (n = 126) in the random sample as well as for the two current job categories
with the most numbers (chemical operators and engineer/lab). For the entire random
sample, a weak association (r” = 08) is observed for PFOS and years worked in chemical

and a stronger association (= .23) for PFHS. For chemical operators the strongest

association (= 34) is with PFHS and years worked in chemical. Although the latter

association was not observed among the engineer/lab category with the nontransformed
variable (see Appendix E), the natural log transformation of PFHS was significantly

associated (r*= .19) with years worked in chemical (see Appendix F).

Presented in Appendix G are similar scatterplots and regression models for all
chemical participants by current job category. There remained a positive association

between PFHS or PFOS serum levels and years worked in chemical, with the stronger of
these two associations for PHS. Because of more subjects, scatterplots are also now
shown for cell operators. These plots suggest, again, an increase in PFOS, PFHS and
now also POAA levels among current cell operators with years worked in chemical,
Among chemical operators the strongest association remained with PFHS, with weaker
linear associations observed for PFOS and POAA with years worked in chemical.
Among the engincer/lab group, there remained apositive linear association between
either PHSorPFOS with years worked in chemical. There were positive linear
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maintenance and supervisor/memt groups. Too few mill operators with 5 or more work
years in chemical were sampled to conduct a meaningful analysis. The scatterplot data
do show a wide range of serum POAA levels among mill operators with just one year of
work experience in chemical.

‘The scatterplots in Appendix H represent the log transformations for all chemical
participants and the two most numerous job categories: chemical operators and
engineer/lab. Again, the scatterplots suggest a consistently strong positive association
between serum PFHS levels and years worked in chemical and a lesser association with
PFOS and years worked in chemical.

Presented earlier in Table 6 was the observation that serum fluorochemical levels
were lower among female workers. Whether this was due to a smaller proportion of
female workers in job categories where exposure would be the highest, younger female
workers and/or female employees with less work experience in chemical remained to be
resolved. To address this issue we focused on those two job categories that had the most
female subjects within the random sample as well as all chemical participants: chemical
‘operators and the engineer/lab group. Presented in Tables 22 and 23, by gender, are the
demographic characteristics and serum fluorochemical levels for the random sample of
chemical operators and the engineer/lab group. Female employees had significantly

lower geometric mean serum levels of POS, PFHS and POAA. Multivariable analyses
of chemical operators ofeach fluorochemical level regressed on gender, years worked in
chemical and with and without age are presented in Appendix I for the random sample.
For purposes of brevity, only the transformed (natural log) dependent models are
presented. Gender appeared to be the best predictor of PFOS level (ic., lower levels
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among female chemical operators) with years worked in chemical not significantly

associated with PFOS. Gender was also significantly associated with POAA levels

(lower POAA levels among female workers) adjusting for years worked in chemical and

age. Both gender and years worked in chemical appeared to be important predictors of

PFHS levels among chemical operators. Among the random sampleof engincer/lab

‘workers, gender was the most important predictor of PFOS, PHS, POAA and PFOSAA

levels after adjusting for years worked in chemical and age (Appendix J). Data for

chemical operators and the engineer/lab group from the all chemical participants showed

comparable results (Appendices K and L).

To further clarify this issue, regression analyses were stratified by gender as well

as by job category. With male chemical operators as well as with the male engincer/lab

‘group, there was a consistent association of increasing levels of PFOS and PFHS (and

POAA for chemical operators only) with increasing years worked, at least for the first

several years of work. Scatterplots are found in Appendix M. More questionable is

whether such an association remains linear or is polynomial (quadratic) over time.

Among female chemical operators the only association observed was for PHS and years

worked. Scaterplots are found in Appendix N. Neither PFOSor POAA levels

appeared to increase with years worked in chemical among female chemical operators.

‘The data for the female engineer/lab group are difficult o interpret since 6 of the 9

individuals had less than § years of work in chemical. Use of an interaction term (gender

x years worked in chemical) in multivariable models was not an important predictor of

fluorochemical levels
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Film Plant

Altogether there were 60 current employees who responded to the film plant

random sampling. A total of 36 employees had worked only in the film plant (i.c., ‘only

in the film plant’ refers to film plant workers with no known experience on the D-1 maker

or have had no previous work experience in the chemical plant), 6 film plant employees

were known to have worked on the D-1 maker and 18 employees had worked, at some

time previously, in the chemical plant but were not on the D-1 maker (Table 24). For all

film participants (n = 76, random sample and volunteers), a totalof 49 had worked only

in the film plant, 7 were known to have worked on the D-1 maker and 20 had worked, at

some time previously, in the chemical plant.

Among the 60 employees of the random sample, there were no substantial

demographic differences (Table 25) between the only film, the D-1 maker and prior

chemical history groups. However, there were significant differences in serum

fluorochemical levels among these three groupsoffilm plant workers. Those employees

who have only worked in the film plant (but not on D-1 makeror previous chemical plant

history) had significantly lower mean PFOS levels (Table 26). The geometric mean of

PFOS for only film plant workers was 0.110 ppm (95% CI 0.094-0.129) compared to

0.289 ppm (95% C1 0.159-0.527) for employees known to have worked on the D-1

maker and the geometric mean was 0.178 ppm (0.137-0.233) for film plant employees

with prior history in chemical. A similar significant association, albeit at a lower ppm

level, was observed for POAA. The only film plant employees had significantly lower

'PFHS levels when compared to film plant workers with a previous history in chemical;

their PFHS levels were nonsignificantly lower than those who worked on the D-1 maker.

‘There were no significant differences in sera levels of the remaining fluorochemical
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with a previous history of having worked in the chemical plant had MSS6 values that

were below the LLOQ. We do note that the D-I maker group had comparable levels of

MS70 to the only film or film with previous history in chemical groups (see Table 26).

‘We had hypothesized the D-1 maker group may have had higher levels because of their

use of methyl FOSE amide which may metabolize to the analyte MS70. Provided in

Table 27 are ratios of fluorochemicals. The median ratios were comparablefor these

groups of film plant workers in the random sample.

Restricting the analyses to film employees with no D-1 maker or chemical plant

experience, there were no significant differences by age for the four current job

categories analyzed: engineer/lab, film processor, maintenance and administrative (Table

28). Although their serum levels were substantially below their counterparts in

chemical, maintenance employees working in the film plant had significantly higher

PFOS, POAA and MS70 levels than the engineer/lab group within the film plant (Table

29). Engineer/lab, film processors and administrative workers had comparable

fluorochemical serum levels. Median fluorochemical ratios were comparable among.

these job categories of the random sample of film plant workers (Table 30). Similar

findings were observed when all film plant participants were analyzed for demographics

and serum fluorochemical levels (Tables 31-33).

Located in Appendix O are scatterplots of the only film group for each

fluorochemical regressed on years worked in film. Because maintenance workers had

higher levels, on average, than the other three job groups among the only film employees,

they are numbered on the graphs. From these analyses there is some suggestion that

PFOS and POAA levels may increase within the first few years of working at the Decatur
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linear (or quadratic) association observed for PHS. The remaining fluorochemicals

showed no association with years worked in film.

DISCUSSION

The goal of this research effort was to quantify, based on random sampling, the

relationship of employee serum levels of seven fluorochemicals at the Decatur chemical

and film plants. In that regard, the data collected and analyzed present a convincing

picture of significantly lower serum fluorochemical levels among employees who have

only worked in the film plant when compared to those who are current chemical plant

employees. For example, comparing the geometric means for each fluorochemical

between chemical operators and those employees who only have worked in film, we

observed the following ratios: PFOS (1.481/0.110); PFHS (0.428/0.015); POAA

(1.887/0.052); PFOSAA (0.011/0.002); M570 (0.229/0.022); and M556 (0.044/0.003).

‘These ratios, except for PFOSAA, suggest a 10-fold or greater difference between

chemical operators and film plant employees who work several hundred yards away from

Building3. These only film plant workers appearto have a geometric mean value for

PFOS that is approximately 3-4 times higher than the pooled geometric mean (0.029

ppm) from 64 samples obtained from 18 U.S. blood banks; thus, we suspect that

‘occupational exposure to PFOS occurs within the film plant although at much lower

levels than among employees working at the chemical plant.

Among filmplant employees we also established the fact that workers on the D-1

maker have serum PFOS levels approximately 3 times higher than those who have never
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worked on the D-1 maker nor have worked in the chemical plant. Unexplained is the.

POAA levels of these workers on the D-1 maker as well as the levels observed among

other film plant employees.

We confirmed several hypotheses for the chemical plant employees. First, cell

‘operators have the highest serum levels of PFOS and PHS although their serum levels

for other fluorochemical analytes were similar to other chemical employees who were

involved with the chemical reactors (i.c., chemical operators and maintenance workers).

Second, chemical operators and maintenance workers had comparable serum

fluorochemical levels. Besides their higher levels of PFOS and PFHS, they both had

significantly higher levels of M570 (the methyl FOSE alcohol metabolite) and to a lesser

degree to POSAA which is the ethyl FOSE alcohol metabolite (as well as an FC product

itself, FC-129). Chemical operators, but not maintenance workers, had higher levels of

PFOSA. Both chemical operators and maintenance workers had moderately higher levels

of M556 than the other job categories. These data suggest that, beyond general plant-

based environmental exposure to POSF and PHSF (which we assume is primarily

through inhalation and conversion to PFOS and PHS, respectively), the chemical

operators and maintenance workers have higher serum levels as a result of their

occupational exposure to the fluorochemical products. These occupational exposures

‘may be from the FC alcohols, FC amides, and FC acrylates. Because these

fluorochemicals have much lower vapor pressure than POSF and PHSF, these data may

indicate that the exposure to these chemical products within the chemical plant is

relatively limited to within Building 3 and Building 4N. Third, waste operators were

comparable to chemical operators for serum levels of POS and PFHS bu, like the cell

operators, did not have higher levels of the fluorochemical analytes. Fourth, mill
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operators were generally much younger employees and their highest fluorochemical

serum level was to POAA. Yet, the mill operators’ POAA levels were lower than those

of cell operators, chemical operators and maintenance workers. This suggests there is

plant-based exposure of POAA well beyond the Building4 area which may be due to the

fact that POAA is a by-product of the electrolytic cell production. Finally, the data

support the hypothesis that those individuals (¢.g., engineers and secretaries) who are.

much less likely to have routine occupational exposure within the chemical plant, do,

indeed have lower serum fluorochemical levels. Employees who have only worked in

Building 1 which is immediately across the walkway from Building 3, have serum

fluorochemical levels that range between 7 (PFOS, PFHS) and 15 times (PFOSAA)

lower than employees who have only worked in Building 3.

Our analyses of fluorochemical levels in serum from randomly selected

employees strengthen the recommendations that were recently made in a Decatur

industrial hygiene assessment analysis [Logan, 1998]. There is a strong correlation

between the higher employee serum levels in the present study and air, surface and

personal monitoring measurements which occurred during the industrial hygiene

assessment. In the industrial hygiene assessment, Building 3 had the highest average

airbomne total fluorochemical levels with each value derived from the total mass of

detected target analytes in each sample (POSF, PHSF, FC amides, FC alcohols, FC

acrylates) (see below):

Results of Fluorochemical Tube Air Samples
BldgNo. No. Samples Average® Low" High
1 19 00145 0.000 0.0601
3 66 1.6884 0.0070 38.0583
4 10 0.1269 0.0047 05216
Outside air 3 0.0861 0.580 0.1247
*mg/m
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Surface wipe sampling was also conducted throughout the chemical plant (Buildings 1, 2,

3.4,17,38,49, 51 and 57). Sample results indicated that fluorochemicals were found in

nearly all samples with large variations in concentration. Building 3 had the highest

surface fluorochemical contamination with the average surface concentration greater than

100 ug/100cm’. Also, methyl FOSE alcohol was the largest contributor of

fluorochemicals found throughout surface wipes in Building 3. Hand-wipe samplings

indicated that employees who had washed their hands had very low levels of

fluorochemicals detected. Methyl FOSE alcohol and POAA were the compounds found

‘most often on employees’ hands. Thus, the present study's sera fluorochemical levels,

observed by job categories and building locations, strongly support the recommendations

‘bome from industrial hygiene assessments. These recommendations include specific

engineering controls to reduce inhalation exposure, appropriate personal protective

equipment to prevent overexposure and appropriate personal hygiene practices among.

employees to remove skin concentrations.

For the first time we have shown a relationship between serum PFHS levels and

the number of years worked in chemical. This finding was observed across various

current job categories within chemical which suggests PHSF, duc to its high vapor

pressure, is likely present throughout the chemical plant premises. The

pharmacokinetics of PFHS are unknown, although due to the shorter chain length, we

suspect the biological half-life may be less than PFOS,

We observed only a modest association between years worked in the chemical

plant and serum PFOS, and to a lesser extent POAA, levels. These associations appear to

be more evident among employees within their first five years as demonstrated by

significant quadratic associations found with both male chemical operators and
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engineers/laboratory personnel

Like their male counterparts, female chemical operators appear to have increased

PFHS levels with years worked. However, unlike their male counterparts, there was no

apparent linear association between PFOS and years worked. Whether this is due to

different work practices, exposure patterns or pharmacokinetics once absorbed, remains

0 be determined. Gender-related differences in the toxicokinetics of POAA have been

reported for rats although the mechanismof excretion may be species dependent since

these gender differences were not observed in mice, rabbits or dogs [Griffith and Long,

1980; Hanhijarvi and Ylinen, 1988]. The half-life of POAA was estimated to be 7 times

higher (7 days) in male rats than female rats.

Alimitation to this study design which must be considered in the interpretation of

the data was our inability to more accurately quantify an employee's work history

experience. Decatur work history records provide department numbers and job titles but

they do not provide information regarding where someone worked (e.g., what building(s)

or with what specific fluorochemicals). Self-reported work history information obtained

by questionnaire was highly correlated with Decatur work history record information;

nevertheless, the specificity of where someone worked and with what chemicals was not

known. Because many operations are in batch mode, the likelihood of determining

specificity of workload fluorochemical exposure among chemical operators is not

possible. Furthermore, such records do not exist back in time. Nevertheless, with use of

the employees current (or longest) job along with additional surrogate variable exposures.

(years worked in chemical, building number) we were able to compare and contrast

fluorochemical levels. The least predictive of these three variables (job type, building

and years worked) was years worked with the exception of PFHS where a strong linear

001316



3M
EPLO0OG

Page 38 of85
association existed across job categories for PFHS with years worked.

We did not observe an association between hand-to-mouth usage or hand

cleanliness (frequency of washing hands) and serum fluorochemical levels. It is possible

an association might have been masked because industrial hygiene had instituted an

aggressive educational campaign several months prior to the collection of blood samples

in this study; thus, current practices may not be indicative of past practices. Because the.

half-life of PFOS is estimated to be 1000 days or more, such an association may not be

discoverable with this study design.

‘The serum levels observed in this study for PFOS and POAA are not different

than those that have been previously reported for this study and other 3M occupational

populations [Olsen et al., 19983, 1998b, 1999]. Olsen et al. [1999] have not associated

hepatic or lipid abnormalities with PFOS levels in the Decatur and Antwerp plant

populations that underwent voluntary medical surveillance in 1995 and 1997. Hepatic

lipid or hormone levels have not been associated with serum POAA levels among 3M

Cottage Grove male workers who have experienced higher serum fluorochemical levels

than those determined in the present study for these Decatur employees [Gilliland and

Mandel 1996; Olsen et al. 19983; 1998b].

In summary, the objective of this proposed research study was to characterize ,

via random sampling, the distribution of employee serum levels of PFOS, PHS, POAA,

PFOSAA, M570, PFOSA and M556 at the 3M Decatur chemical and film plants. The

data obtained from this exposure assessment investigation are important for several

reasons. First, these data allow for a better understanding of the exposure distribution of

serum fluorochemical levels in both the chemical and film plant employee populations.

Second, these data may serve as future reference regarding human exposure assessment
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for the film as well as the chemical plant in the area of health studies and exposure

reduction. Third, the data may be used for the construction of an exposure matrix for the

anticipated update of the retrospective cohort mortality study of the Decatur employee

population. Finally, this study will allow for the opportunity for employees to know their

own serum levels for these seven fluorochemicals and encourage further practices leading

toa reduction in their serum fluorochemical levels by the variety of exposure-reduction

‘methods recommended in the Decatur industrial hygiene exposure assessment report

(Logan, 1998].
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Table 13. Mean, range, geometric mean and 95% confidence intervalof geometric meanof serum fluorochemicals for those employees in random sample (N = 126)‘who said they have only worked in one building/area
Bldg. | Bldg. 3 Bldg. 4MX
N=6) N=7) (N=3)—OH oe oesPFOS

Mean 0.474 2561 0521Range 0.129-1.700 1450-5.120 0230-0838
G. Mean 0302 2293 0.55495% CL 0114-0797 1453-3619 0340-0904

PFHS
Mean 0.117 0.835 0.063Range 0013-0420 0.151 1.860 0.038-0.152
G. Mean 0.064 0519 0.06495% CL 0018-0223 0.185- 1.450 0.039-0.103

POAA
Mean 0.164 3021 1.082Range 0053-0386 0366-6760 0.450 1.850
G. Mean 0.125 2033 1.03095%CLL 0053-0294 0773-5351 0719-1476

PFOSAA
Mean 0001 0.030 0.020Range 0.001-0.003 0.005-0.118 0.008-0037
G. Mean 0.001 0016 001595% CL. 0001 -0.002 0.005-0.047 0.008-0.027

Ms70
Mean 0082 0318 0.040Range 0015-0201 0.063-0.480 0026-0053
G. Mean 0.053 0274 0.04895%CL 0018-0159 0145-0520 0.028-0.081

PFOSA
Mean 0.023 0.158 0043Range 0009-0060 0003-0569 0.001 0204
G. Mean 0.019 0055 0.03495%CIL 0009-0037 0.009-0.324 0011-0.108

Mss6
Mean 0.022 0.097 0010Range 0.003-0.585 0033-0213 0004-0019
G. Mean 0014 0.079 0.0139%CIL 0004-0045 0.042-0.150 0.005-0.034

Years in chemical
Mean 2 1s 16

001339
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“Table 14. Age, BMI andyearsworkedinchemicalamongcurrentjob categoriesof llparticipants(N = 187)inchemical
cal Chemicsl Engineer! Mil Spenisorl WasteOpertol Oper La Manes! Operator Seer’ Mme Opera0-9) Oe) ei) oem (he20 (Nes ove essON Cen oem Mein Me) eS eae es

AreMean a aro ao ave sas gq aga ggse 21 12 15 1s 13 13 12 07Median “ a @ « 2 “ ® 50Range ss Bw Bem mem xs wie ute wen
Ba

Mean 58 a3 23 26 ar nr me 5se 13 07 [4 03 11 03 11 iaMedian 76 23 23 266 265 20 276 253Range 15-30 om 16om Bo wes alk wee ast
YearsWorked In
Chemical
Mean 14 iene 19 ie psp a0 3se 52 11 22 26 os 59 21 isMedian a 10 Ww 5 ' » 24 1Range 2% =a in 3 1m 225 -36 im—_—_— TT

(4) comparison forcachcurent job categoryusingstudents, p < 05

°
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“Table 15. Number (nd percentage) ofdemographic characteristics amongcurentjob categories ofall participants (N = 187) in chrical
Cell Chemical Engineer! Mil Superson WasteOper Operaor Lab Mumewne  Opemior Secu bem Opener0) vey vn eerie 0-5) o¥-26) Nes)

Genders
Fem ay nay 909 00 30) sao 30 emMale 369 se) 206 naw aE) 00 BE sao

Only Worked in
Chemical

Yer 569 en ne we) 2 100) ney ooNo G9 ae isn) 2a) 20 460) [CC
Handto Mouth
Conset
Yeu 09 won way Boo wey 360 sey 360No @ ue) wee 10 0) 200 ney 260

Wash Hands
Always 389) way ney say ne) 360 BE 360Lessfoqunty 101) 519 Bom 209 san 200 00 200

-_—
Sinica ifrnt(p <0) proportions betweenjobcstegories,hi quae test

282
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“Table 16. Mean, rane, geometricmeanand95%confidence intervalofgeomet meanofserum luoroshemicallevelsbycurrentjobcategoriesamong al participants(N= 187) ofchemical
ca Chemica] Engineer Mil Swpeisor/ WasteOpened Oper Lb Mime! Opener Seca’ Mgnt Opened&=) Ney acy) om Nee o-5) 6-2 Mes)pros

Mean 2266 1539 061 1m os 04st 1m 2618Rage 0-680 019-7260 00-110 0291-40 0S-200 020-10 0091-1060 0200asso
GMan Lens LOO 030M Lap gore gages geeseSCL 0914-293 1255-170 02-00 090-19 OIH-06T 0206-068 0510-1088 0495 sesspris
Mean 07 oan ry 0309 [3 0076 039% ossRage O0BLS0 0G-10 0005-0905 005-1200 00-03  00N-0172 0h1a0 oom i2i0
GMan Ogee gaa goss gpge gogeas ggg ou gapeSCL 0M6-1214 0239-0357 000-0111 0107-0297 0035-00 00-013 0010-00 000 amsPoa
Mean 1s 219 0363 sn 1218 0167 1289 1663Rime  DI6-360 0150-6760 004-230 02-460 00IS-23M0 005-0261 002i uso 09mamo
GMan 12g Le ropes gg ogre Iss geppactes gpsSCL. 0619-257  LSWT-214 0141-027 OMBI-LER 068-1457 0106-0236 031m Lo esProsaA
Mean oo 0012 0010 0037 002 0002 0009 0009Range 0001-0051 001-0269 0001-003 0001-0125 0003-005 0001-0008  000I 005% 000s aois
GMean oom oh gar 001s oor 001 000s 0006© FACIL OMI-008  00M-0MD 002-005 0007-002 002-003 000-002 000 ses 000s eonsSms

© Mem 001s 0288 00st 0237 00s 0036 010 0087& Re 002-0 009-310 00M-0410 00-0701 0OB-0NS 0001-007 0010-05 oss mise
GMan oom org gon oie gg oo 006% oomKCL 0020-005 007-01 0030-005 010-0367 00%-0047 0015-0057 oot 00% 00s ma
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Table 16. (continued)
Prosa

Mean 000g ooss oon 006s 00s oos 0052 ooRange 00005-0015 00-0487 000-0063 0001-0569 0005-0204 0003-0080 00005-0612 000s 3sl
GMan oon oo one oo oor oo 0007 oonCL 0M2-0M5 0013-005 0002-0005 0005-0027 001-0035 0OM-002 000}-001s 00 soi

Mss
Mean 003 oon oa ooss 001s oois 00s 0087Rage 0003-0035 0001-030 0002-0033 0008-0406 002-0045  00M-000 000-036 00miss
GMan oni oss goig oss gone oon oor 007MCL 0006-0017 0034-005 0007-0014 0034-0085 0008-0014 0004-0027 ois oud aor, ass—OPACL_QOG-00  0M-00 0007-0014 0034-0088 0OM-00M4 0004-0027 0010-0020 ool -omes_

(ah) comparisonfor eachcurrentjob cstegoryusingstudents

°82
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“Table 17. Age, BMI and yearsworkedin chemical by longest jobcategorieofall participants N =187) in chemical

Cel Chemical Engineer! Mil Superson, WasteOppo Opel Lab Maen’ Oper’ Secrecy nigmt OpensN=) ONT) mesh Ne) e200 en (ver es
AseMew “ a ae a sas yg apetr sese 25 10 20 is 14 17 17 23Medan is a“ a « 2 “ so 52Range 38-46 Be Bem mes ns ats mas wsatv

Mean 218 20 80 n7 3 21 3 69se 54 0s 09 07 11 12 io 24Median 20 215 27 27 265 51 21 253Range WB mew 2% wn wim ath ew nom
YearsWorked
Chemical
Mew 5 ie ie ye Peas gg Ed uSE 7 12 23 26 os 57 33 68Median in 1 5 5 ' @ 2 5Range 225 ft} a} 1-3 1a 23 } an

(0h) comparison foreachlongestjobcategory usingstudents, p< 05.
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“Table 18. Number and percent)ofdemographic characterisbylongestjob categoriesofal partcpant employees(N= 147) in chemical

car Chemical Engineer! wil Swenson WasteOpe Opeol La Mamennce' Open’ Seren! bgt OpnN=) Me) eid) oe) (ean en ois ee
Genders Neo Neo NY Neo Ned Neo Neg NeoMate JG) 86 50H 00000 2G) 00M) Diy 300)Fensle ow sa2) 39 oes S49 700000) 30 ow
Only Worked
inChemicals

Yer 169 BE AE 0) ue 3 76) oonNo 267 wisn ey 060 20) an 36) 3a0000)
Hand Mouth
Conte
Yes 3000 secs) ua won nes 167 S60 aoNo ow 1925) 1) 660) as 36) S060) 00)

Wash Hands
“Always 267) ©® we ey ney 467) 060) 26)Less Progeny 103) 1206) Gs 309) 40s) 30) RTtefl 10) 208 NOY 309 408 3@h saniow

* Significantly diferent percentagesbylongest ob categorics,chisquare p <.05
°Sg
©hy&
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Table 20. Men, range geomet mean and 5% confidence nelofgeometmeanof serumforseeofallpricipants (N= 187) who cumenlywork nly ane buldingme hemi
Big 1 BUS Ba BAX BEN Wasewssra) ain a oan os) FyrosVin oss 29 206 oss6 20m 276Rome GOL ones 030 moter esos oni reeG Mew ons 1m 200 a 197 1360SCL 0M0 LI seam omieess mim onsousNe ais osm as67 ao ois osRae WOBSOTI eoe-im0  0IBiM0  omicome iam oii

Gem on osts oar 00s 0 ormTHCL 009-0 0mm osase  ooweoom  owsoam odinroaVe ons 13 2065 16 2 LmRage 2M neien  0dicen0  owSamo Lease ao hmeGam x0 120 2am ao 20 LeHEL OOM omen sam osaciss  nsams ond hesrosaVen oon ao 000 oo ao 000Ringe OOISOH 0000S 0002026 000d aomoeos oo hor8 ove 0002 a0 aon aos aon 0007BOSCL  oom-oms  omi-om  oom-oms  oowvems  oontems od em2 wn& en aor rs om a0 ams aonRae O-0AID 000-01 00630 micas aoscems aonhussGem 000 00 oa ams oor oonIMCL 0II-0US 00-02 0xo-aks  ovwooow  osnmies or Moms
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Table20.(conned)
prosa
Mean oois 0006 0109 ooze 0251 0007Rage 005-0161 00MIS-001 0003-035 000-0204 003-048 oss pon
GMean 0005 0003 oo 017 0059 0006SCL 00M-000 002-0006 00-0066 0010-0028  O0E1HS  oomwisMss

Men oon oor oi oon 0076 oossRange 00-017 003-037 004-03M 00-000  0mS-0ns oor is
G Mean 0013 0010 0095 0010 0057 0033SMCL 00-000 0006-007 00T0I5 00003 00lomie oo aiYearsinchemical
New 2 0 In 3 n i—Me__»bw0s sm
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Table 21. Mes, ange comet menand 5% confidence neva ofemeticmea fo all paicipats( = 47) who sid theyhave only workenonebuilding/aresin chemical

Bios 1 Bits 3 Bigg hxain oy [i
bros
Nes oan 263 osRange om Loss oosreom
Gv om 207 oirSel o10-0s9 Leo iies osmicosm

pens
New 010 oxo ousRange ono oscil aoa
© Mem ooss osm o0isSer om-om omelies ou os

roar
Nien oss 2007 osmRange omi-0M6 ose ooseism
6 vem ons 2009 oanser oms-0m oles our ies

Prosan
Mew 0003 om omRange OWI-00I oesaus ood-o0e

° Me 002 oo 007S SCL omi-0on ows oms oil ans
© sna Me 002 oss ou3s Range oma oo 0m 0025-0061

6 Me oon oz oois
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Table2l, (continued)

prosaMew oon oist ootRange ooos-om0  0oB0%5 00s 00s
0Men oom 00s9 ooissmc om-00le 003-046 0e09-0ms

wsMean 007 oms o0isRange o0t00ss 005 021s 006 0m
6Mem oon2 000 oonel ome-oon  0000n6  oor-ao
ea » n i
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‘Table 23. Mean, range, geometricmeanand95% confidence intervalofgeometricmeanofserum luorochemicalsby gender for random samplechemical plant employeeswhosecurtent ob was chemical operatorocagincerTah
Chemical Operators EnginectLab.Female (= 10) Male(N=37) Female(N= 6) Male(N= 17)PROS ratsea SENA rereMSMean Liss 1963 0167 0799Range oan-2380 0490-7260 0101-0281 0095-1740

Mean 10510 L625 0157 054095%Cl. 0764-1447 1345-1962 0115-0214 0336-0368Pris
Mean 0190 042 002 0220Range. 0071-0404 0134-1860 0005-0081 00180505
G. Mean 0167 036 oo 01215% Cl 0119-0235 0285-0465 0011-0048 0069-0210Poar
Mean 13020 2497 010 0473Range 010-2110 0745-6760 0035-0300 0081-2320
G. Mean 01290 2168 oor 0295owl 0701-1818 1820-2570 0083-0141 0186 0.468PROSAA
Mean oo12 0041 0004 0017gS Rem 0001-0109 0001-0265 0001-0018 0001-0073

£5 Mem 0006 oor oon onsa esc 0002-0016 0008-002 0001-0005 0004-0084© msn
Mean ous 0260 0046 0084Range 0029-0357 0009-0992 0020-0093 0008-0410
6. Mean os? 0146 0039 0053os%Cl. 0055-0139 0099-0217 0024-0064 0033 0.084
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Tables. (continued)
PrOSA
Mean 0063 0109 oor? oor?Range 0003-0315 0001-0487 00005-0063 00005-0.060
G. Mean 002 0030 0005 0004os%Cl. 0007-0062 0016-0055 0001-0024 0002-0010MsS6.
Mean oon 0083 0010 [Range 0007-0118 0001-0380 0003-0027 0002-0127
G Mean 0027 0080 0007 0010scl. 0014-0050 0035-0073 0004-0014 0006-0019EE —

“p<00s

°3s
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‘Table 24. Distribution of film plant participants: random sample, volunteers and all participants

Film Plant
Random Sample Volunteers All ParticipantsRandomSample Volunteers AlParticipants

Have worked
only in film plant a2 14 56

(Have worked on
D-1 maker) © [0] @

(Have not worked
on D-1 maker) [5 a3) “9)

‘Work in film plant
with previous work
in chemical 18 2 20—_—t 2 2»

Total 6 16 76

001355
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Table 25. Demographic characteristicsof random sample (N = 60)offilm plant employees includingsubsets: employees with only film plant experience; employees known to have workedon D-1 Maker; and employees with prior chemical history

Film w/ history
All Only Film D-1 Maker of chemicalN=60) N=36) N=6) ™N=18)Age

Mean 46 4“ 46 43SE Li 15 3.6 21Median 47 46 48 51Range 23-59 23-59 30-55 28-58
BMI
Mean 280 282 269 280SE 06 08 19 LlMedian 278 278 27.5 27.6Range 180-418 180-418 217-317 200-379
Years worked
In film
Mean 137 137 92 154SE 100 17 41 24Median 14 14 6 16Range 01-360 01-29 1-21 1-36

Gender
Female nas) 6 an oan 4 @Male 9 ®) 0 @®) 5@) “8
Current job
Engineer/Lab 16 @) 10 @8) [IO) 6 (3)Film processor 23 (8 2 (3) 5@®) 6 (3)Maintenance 10 a7 7319 [ER 2 apAdministrative nay 719) © 4 @
Longest job
Engineer/Lab B@ 719 [IO] 6 (3)Film processor 26 @) 15 @) 5 @®) 6 (3)Maintenance ns 8 @ [Ei 2 anAdministrative 0 an 6 (an © 4“ @
Hand to mouth
contact
Yes 7 © 6 (1) 46) 7 G9No 23 G8 0 ey 2 Gy) non
Wash hands
Yes S083) 23 18 6 (100) 16 (9)No 0 an 5 @ oo © 2 ay
—_—m——

0061356
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Table 26. Mean, range, geometric mean and 95% confidence interval of geometric mean forrandom sample offilm plant employees by work history: only film, D-1 Makeror film with prior chemical work history
Film with previous

Only Film" D-1 Maker” history in chemical®N=35) N=6) N=18)—OON=69= N=1y
PROS

Mean 0.122 0.367 0212Range 0032-0250 0.122-0.946 0.080-0.692
G. Mean 0.110% 0289" 0.178"95% CL. 0.090.129 0.159-0.527 0137-0233

PFHS
Mean 0015 0.023 0.038Range 0.001-0075 0.005-0.030 0007-0210
G. Mean 0.010° 0.020 0.02395% C1. 0.008-0.014 0.011-0.034 0015-0036

POAA
Mean 0.052 0.122 0.090Range 0.006-0.298 0.020-0.197 0012-0246
G. Mean 0.037> 0.093* 0.067"95% C1. 0.028-0.049 0.044-0.19 0.044-0.100

PFOSAA
Mean 0.003 0.006 0.005Range 0.001 -0.009 0.001-0.022 0.001 -0.038
G. Mean 0.002 0.004 0.00395% C1. 0.002-0.003 0.022-0.009 0.002-0.005

M570
Mean 0.022 0.018 0.018Range 0.0008 - 0.454 0.0021 -0.083 0.0014 0.069
G. Mean 0.007 0010 0.01095% CL. 0005-0010 0.006-0.017 0.004 -0.026

M36
Mean 0.022 0.005 All values <LOQRange 0.0001 -0307 0.001-0.014

G. Mean 0.003 0.003
95% C.I 0.001 0.006 0.002-0.004_—

(a-<) comparison for each current job category using student's, p<.0s ~~ 001357
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Table 27. Ratiooffluorochemical levels by random sampleoffilm employees includingsubsets: employees only with film plant experience; employees known to haveworked on D-1" Maker;and employees with prior chemical history

Film With Previous
Only Film D-1 Maker History In Chemical
N=36) N=6) N=18)

PFOS/PFHS
Mean 149 18.8 93
Median 104 12.7 74

Range 18-1076 50-466 33-320
PFOS/POAA
Mean 33 57 32
Median 28 24 23
Range 07-92 09-210 12-101
PFOS/Analytes
Mean 100 256 126
Median 78 1s 103
Range 02-376 21-918 30-407

PFOSAAMSS6
Mean 19 28 21
Median 1.0 13 12
Range 0003-140 03-109 04-151
MS70/M556
Mean 50 69 7.1
Median 23 34 45

Range 03-450 08-282 06-276
_—Pm———
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Table 28. Demographic characteristicsofrandom sample of film plant employees by current job
categories who have worked only in the film plant (i.e., not on the D-1 Maker or prior
work in chemical)

Engineer/Lab Film Processor Maintenance Administrative
(N=10) N=12) N=7) N=7)Age — — — —Mean 46 4“ 40 48SE 28 25 33 33Median 4 47 40 50

Range 23-58 27-59 31-51 40-55
BMI
Mean 2638 286 287 202SE 15 14 18 13
Median 213 278 295 27.9

Range 216-317 180-418 241-329 244-418
Years worked
In film
Mean 148 14.1 46 204SE 29 26 34 34Median 1s 17 3 25
Range 01-29 05-29 05-12 5-28
Gender
Female 2 Qo 2 an [) 2)Male 8 (80) 0 ®) 7 (100) 5a
Hand to mouth
Contact
Yes 8 G0) 108) 46 46No 2 Qo) 2 an 3 @) 3 @
Wash hands
Yes 8 80) 10 83) 6 (36) 4 67
No 2 Qo 2am 14 3 @)—fo 2 QO 2 on 1ay 3 @)

001359
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‘Table 29. Mean, range, geometric mean and 95% confidence intervalof geometric mean ofserum fluorochemicals for random sample of employees who have only workedin the film plant (i.¢., not on the D-1 Maker or prior work in chemical)

Engineer/Lab® Film Processor” Maintenance® Administrative?
(N=10) N=12) N=7) N=7)PFOS -

Mean 0.097 0.127 0.159 olRange 0.055-0.140 0032-0250 0137-0216 0.054-0.166
G. Mean 0.093 0.106 0.157 0.1049S%CL  0074-0.116 0.074-0.154 0.139-0.177 0077-0140

PFHS
Mean 0.016 0.015 0.016 0.012Range 0.001-0.075 0.004-0.047 0.001-0.034 0.006-0033
G.Mean 0.009 0011 0011 0.01095%CL 0005-0018 0.007-0.017 0.005-0.026 0.006-0.016

POAA
Mean 0.030 0.055 0.098 0.039Range 0.006005 0.007-0.154 0.021-0.298 0017-0063
G. Mean 0.022 0.041 0071 0.03595%CL 0014-0036 0.024-0.068 0.038-0.132 0.024-0.051

PFOSAA
Mean 0.002 0.002 0.002 0.004Range 0.001-0.005 0.001 -0.009 0.001-0.006 0.001 -0.006
G. Mean 0.002 0.002 0.002 0.00495% CI 0.001-0.003 0.001 -0.003 0.001-0.003 0.002-0.006

M570
Mean 0.006 0.048 0.018 0.005Range 0002-0017 0.003 -0.454 0.006-0.046 0.001 -0.009
G. Mean 0.005° 0.010 0.014% 0.00495%CL 0004-0007 0.004 -0.022 0.009-0.024 0.002-0.007

M36
Mean 0.002 0.029 0.005 0.002Range 00001-0003 0.003 -0307 0.001-0.016 0.001-0003
G. Mean 0.001° 0.005" 0.004 0.00295% CL 0.001-0.003 0.002-0.011 0.002-0.007 0.002-0.003

em ee
(ad) comparisons for each current job category using student's t 001360
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Table 30. Ratiooffluorochemical levels by current job among random sampleoffilmemployees who only have worked in film and not on the D-1 Maker

Engineer/Lab Film Processor ~~ Maintenance~~ Administrative
N=10) ™N=12) ™N=7) N=7)—E10 N=) N= N=7

PFOS/PFHS
Mean 13.0 130 2.6 1.1Median 75 28 122 104Range 18-616 49-290 43-1076 51-165

PFOS/POAA
Mean 40 32 27 30Median 30 32 21 28Range 13-92 12-63 07-67 22-42

PFOS/Analytes
Mean 104 100 7.1 124Median 105 43 70 9.5Range 21-178 02-312 40-116 52-376

PFOSAA/MSS6
Mean 36 07 13 2.1Median 11 0.5 05 23Range 05-140 0003-15 01-61 05-44

MS70/M556
Mean 86 31 56 26Median 25 16 59 28Range 10-450 06-184 04-105 03-55

-_—

001361
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Table 31. Demographic characteristics ofall film plant participants (N = 76) by only film plant,D-1 Maker or film plant with previous history in chemical

Film w/ history
All Only Film D-1 Maker of chemical

(N=176) (N=49) N=7) (N=20)Age i
Mean 45 44 44 47
SE 1.0 3.6 12 2.1Median 47 4 47 51

Range 23-59 23-59 30-55 28-58

BMI
Mean 283 285 26.6 285
SE 0.5 0.6 15 10

Median 279 279 265 28.0
Range 18.0-41.8 18.0-41.8 217-317 20.0-37.9

Years worked
In film
Mean 144 152 81 146
SE 12 14 35 25

Median 16.0 17.0 20 15.0
Range 0.1-36.0 0.1-30 1-21 1-36

Gender
Female 16 (21) 8 (16) 2 29) 6 (30)
Male 60 (79) 41 (84) 5 (7) 14 (70)

Current job
Engineer/Lab 18 (24) 12 5) 0 (0) 6 (30)
Film processor 34 (45) 20 (1) 6 (86) 8 (40)

Maintenance 11 (14) 8 (16) 1 (14) 2 (10)
Administrative 13 (an 9 (18) 0 (©) 4 0)

Longest job
Engineer/Lab 14 (18) 8 (16) 0 ©) 6 (30)Film processor 38 (50) 2 @) 6 (86) 8 (0)
Maintenance 12 (16) 9 (18) 1 (14) 2 (10)
Administrative 12 (16) 8 (16) 0 (0) 4 (20)

Hand to mouth
contact
Yes 49 (64) 36 (73) 5 1 8 (40)
No 27 (36) 13 @n 2 29) 12 (60)

‘Wash hands
Yes 65 (86) 40 (82) 7 (100) 18 (90)
No 1 (14) 9 18) 0 (0) 2 (10)

001362————



Mm
EPL0006
Page 84 of85

Table 32. Mean, range, geometric mean and 95% confidence intervalofgeometric meanofserumfluorochemicals for all film plant participant employees by work history: only film plant, D-1Maker or film plant with previous history in chemical
Film with previous

Only Film* D-I Maker” history in chemical
(N=49) N=7) N=20)PFOS = — — — —Mean 0.129 0347 0220Range 0032-0264 0.122-0946 0.080-0.692

G. Mean 0.116" 0279" 0.185*95%CLL 0.101-0.133 0.168 -0.461 0144-0238
PFHS

Mean 0.016 0.022 0.038Range 0.001-0.075 0.005 -0.030 0.007-0210
G. Mean 0011 0019 0.024"95%CLL 0.009-0.014 0012-0030 0.016-0.036

POAA
Mean 0.057 0.146 0.146Range 0.006-0.298 0020-0290 0012-1220
G. Mean 0.040° 0.109" 0.078"95% C1. 0.031-0051 0054-0221 0.049-0.124

PFOSAA
Mean 0.003 0.006 0.006Range 0.001-0.020 0.001 -0.022 0.001-0.038
G. Mean 0.004 0.004 0.00395% Cl. 0.002-0.003 0.002-0.009 0.002-0.005

M570
Mean 0.018 0.039 0.017Range 0.001 0.454 0.002-0.164 0.001 -0.069
G. Mean 0.007 0015 0.01095% CL. 0.005 -0.009 0.005 0.046 0.006-0.016

M556
Mean 0.009 0.006 All values <LOQRange 0.0001 -0.307 0.001-0.015

G. Mean 0.003 0.004
95% C.I 0.002-0.004 0.002-0.008-_—

(a-c) comparison for each current job category using student's t, p <.05 001363
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‘Table 33. Mean, range, geometric mean and 95% confidence interval of geometric mean of serumfluorochemicals for all film plant participant employees who only worked in film plant(ie., not on the D-1 Maker or worked previously in chemical)

Engineer/Lab® Film Processor” Maintenance® Administrative’
™N=12) N=20) N=8) N=9)PFOS — - — — —Mean 0.108 0.133 0.168 0.108Range 0.055-0.170 0032-0264 0137-0237 0.054-0.166

G. Mean 0.102° 0.114 0.165% 0.10395% C1. 0.082-0.127 0.080.148 0.143-0.191 0.081-0.129
PFHS
Mean 0018 0.016 0.016 0012Range 0.001-0.075 0.004-0.052 0.001 -0.034 0.006-0.033

G. Mean 0.011 0.012 0.011 001095% C1. 0.006-0.012 0.009-0017 0.006-0.023 0.007-0.015
POAA

Mean 0.049 0.05 0.095 0.037
Range 0.006-0.188 0.007-0.154 0.021-0298 0.017-0.063
G. Mean 0.0316 0.040 0.072 0.03395% CLL 0017-0054 0.027-0.060 0.042-0.124 0.025 -0.046

PFOSAA
Mean 0.002 0.005 0.004 0.004

Range 0.001 -0.005 0.001 -0.020 0.001-0.017 0.001 -0.006
G. Mean 0.002 0.003 0.002 0.003
95% CL. 0.001-0.003 0.002-0.005 0.001-0.005 0.002-0.005

Ms70
Mean 0.006 0.031 0.017 0.005Range 0.002-0.017 0002-0454 0.006 -0.046 0.001-0.009
G. Mean 0.005 0.008 0.014 0.00495% C.L 0.003 -0.007 0.005-0.013 0.009-0.022 0.002-0.006

Mss6
Mean 0.002 0.019 0.005 0.003

Range 00001-0007 0.001 -0307 0.001-0.016 0.001 -0.006
G. Mean 0.001° 0.004" 0014 0.002: 95% C1. 0.001 -0.003 0.002-0.006 0.002-0.007 0.002-0.003ee rmr————rmeee sr rae

(ac) comparisons for each current job category using student's t, p <.05 001364
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DECATUR EMPLOYEE QUESTIONNAIRE

‘Thank you or participating in this research study. Please respond to each question with either a short answer oran in the appropriate box.
NAVE. EMPLOYEE NUMBER,
1. Have youeverworked in the Chemical Plant? Yes O No O

1f ng, please goto question 2
if yes'

a. How many years haveyou worked inthe chemical plant? Years=_______
b. Whatyear did you start working in the chemical plant? Year=

2. Please indicateif you have ever. workedinthe following areas. Mark an in all boxes thatapplyto you.
O suiding 1 O Buildings 38 and/or 51
0 Buildings 2 andlor 49 0 Building42 (Packaging FG inerts)
0 Building 3 (OSCLIOSF ares) 0 suiding 61
C1 Building 3 (besides OSCLIOSF area) [J] Film Plant al buiklings)
O siding4 North 1 Wastewater treatment plant

(®uildings 36 and 57)0 uiking 4 milloomvextruder 0 Other
Please specify) _O suing 17

3. Thinking about the job that you workedfo thelongestperiodoftime while employed at 3M Decatur, please‘answer the following questions.
a Jabiite;
b. When did you work there: From _(year to, (year)

Average number of hours per week on this job? Hours =
4 When you worked overtime, what was your usual ob assignment?

4. Please answer thefollowing questions regardingyour current job
Current plant: Chemical Fim 0 oer 0
Curent ob tte
What year did you start working in this current job: Year =
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‘Average number of hours per week on this job: Hours=
When you work overtime, whatis your usual job assignment?

5. Please indicate in which area(s) you workin your current job. Mark an * in all boxesthatapplyto you.
0 suiding1 0 Buildings 38 andlor51
0 Buidings 2 andlor 49. 0 Building 42 (Packaging FC inerls)
0 Buiding3(OSCUOSF area) 0 suiding s1
0 Buiding 3 (besides OSCLIOSF area) [J Fim Plant al buiklings)
0 Buiding 4 North [0 Wastewater troatment plant

(Buildings 36 and 57)0 Biking4milloomyextruder 0 other
ClessospeatyO suiting 17

6. While at work, do youchew gum?
O aways [OJ frequently [J sometimes (J rarely [J never

7. While at work, do you chew tobacco?
O a aways OJ requenty [J sometimes (J rarely [J never

8. While at work, do you smoke cigarettes?
Oavays  O frequenty [J sometimes [J rarely [J never

9. How frequently do you wash your hands before eating while at work? Markonly one box.
O aways OJ frequently [J sometimes [J rarely [J never

10. What is your height? Feet= Inches=
11. Whatisyourweight Pounds=
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Distribution of Fluorochemicals and Their Natural Log TransformationAmong Chemical Employees(N = 126) in the Random Sample
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ChemicalPlant
Random Samplo
PEOSpom

W

3

_ |

5
fiTE

Quantios
maximum 100.0% 10.600

99.5% 10.600
975% 7.187
200% 3132

quirile 75.0% 1.925
median 500% 1.140
quartile 25.0% 0.440

100% 0215
25% 0102
05% 0091

minimum 00% 0091
Moments.

Mean 1.5047
StdDev 16122
Std Error Mean 0.1436
Upper95% Mean 1.7890
Lower 95% Mean 1.2204
N 1260000
Sum Weights 126.0000

‘Tostfor Normality
‘Shapiro-Wilk W Test

Wo Probew
0734399 00000
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Ghomical PlantFandom SamplePFS ppm

™

wg
J

. Li" =|
Quanttosmusi 1000% 18500995% 18800975% 17365
00% osmqui 750% 04200median 500% 01700

que 250% 0078s
100% 00334
25% 00137
05% 000sminimum 00% 0005s

MomentsMean 03450SiDev oair7Std Error Mean 00367Upper 95% Mean 04176
Lower 955% Mean 02724N 126.0000
Sum Weights 126.0000

Tost or Normaty
Shapiro Wik W Test

W Pasa
0729906 00300
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Chomical Plant
Random Sample

In PFHS ppm
T

JE
JiaI

} |

4
i
a

7 .

Quantios
maximum 100.0% 013

99.55% 06313
975% 05802
200% 01307

quite 75.0% “08675
median 50.0% 17720
quite 250% 25461

100% 3.4007
25% 43022
05% 52269

minimum 0.0% 52269
Moments

Mean ams
Std Dev 12225
Std Error Mean 0.1089
Upper 95% Mean 1.4996
Lower 95% Mean 19307
N 1260000
Sum Weights 126.0000

Test for Normally
Shapiro-Wilk W Test

W Probe
0975283 02302

001375



Appendix
Page 6

Chomical PlanRandomSamplePOA pp

Bl :]
7

31feli,“he
_- [

)
Quantiosmaximum 1000% 6760
995% 676097.35% Sess
00% 3.4300qurile 150% 20725median 500% 13000

que 250% 03860
100% 01281
25% 0014
05% 00208minimum 00% 00208
MomentsMean 15363Std Dev 13359Sid ErrorMean 01150Upper95% Mean 17718Lower 955 Mean 13007N 1260000Sum Weights 1260000

Tost or NomaityShapiro-WilkWTest
Wo Probe0875366 <001
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ChamalanRando Sumpross
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75% 17300
00% 12318

que 750% 07288
median S00% 02624
que 250% 2531

100% 20550
25% rey
asn Sao

minimum 00% Sacto
MomentsMean 01061Sev 1254s

SiErrMean aisUpper 95% ean outstLover 95% Mean pr
x 1260000Sum Weighs 1260000

Tost or NormaShapiroWik W Tat
Waban

ososy <oml
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Chomical Plant
Random Sample
PFOSAA ppm

w .

us .

w 3

wg &
on se

Quanties
maximum 100.0% 026900

99.5% 026900
97.5% 014915
900% 006331

qurile 75.0% 002812
median 500% 000808
qurile 25.0% 000276

100% 000112
25% 000112
05% 000112

minimum 00% 000112
Moments

Mean 00233
Sd Dev 00396
Std Error Mean 00035
Upper 95% Mean 00303
Lower 95% Mean 00163
N 126.0000
Sum Weights 126.0000

Tost for Normality
Shapiro- Wilk W Test

Wo Prob
0600789 0.0000
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Chomical Plant
Random Sample.
In PFOSAR ppm

1s

BE

¥ :
42

a

Quantios
maximum 100.0% “13130

9.5% “13130
975% “19085
900% 27609

quale 750% 357121
median 500% 48184
quale 25.0% 58916

100% 67944
25% 67944
05% 67944

minimum 0.0% 67944

Moments
Mean 47813
Std Dev Las92
Std Error Mean 0.1300
Upper 95% Mean 4.520
Lower 95% Mean 5.0386
N 126.0000
Sum Weights 126.0000

Tost for Nomnaly
‘Shapiro-Wilk W Test

Wo Probaw
0929527 <0001
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Chemical PlansRandomSampleS70 por
, 5
» .
»
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iwg
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EE
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Guantiesmaximam 100% 099200
993% 099200
975% 06910300% 041570qurile 750% 019625median 500% 0068sque 250% 003773100% 00217325% 000965
03% 000840minimum 00% 000840

Moments
Mean 0.1505
SaDev o1se2Std norMean 0016sUpper955Mean 01833Lower 955%Mean 01176
N 126.0000Sum Weights 1260000

Tost or NomaityShapiro Wilk W Test
Wo Probaw0712853 00000
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Chomical Plant
‘Random Samplo
PFOSA pp
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900% 023180

quale 750% 005625
median 500% 001195
quail 250% 0.00269

100% 000122
25% 000050
05% 0.00050

minimum 0.0% 0.00050

Moments
Mean 00618
Std Dev 0.1165
Std Error Mean 00104
Upper 95% Mean 00823
Lower 95% Mean 0.0412
N 126.0000
Sum Weights 1260000

Tost for Normality
Shapiro-Wilk W Test

Wo Probe
0560929 0.0000
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Appendix D

Distribution of Fluorochemicals andTheir Natural Log Transformation
Among Film Plant Employees (N = 60) in the Random Sample
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Film Plant
Random Sample
PFHS ppm
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99.5% 021000
97.5% 0.14670
900% 0.04660

quartile 75.0% 002660
median 500% 00119
quire 25.0% 000718

100% 0.00565
25% 000131
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Moments
Mean 002258
Std Dev 003053
Std Error Mean 000397
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Lower 95% Mean 001462
N 59.0000
Sum Weights 59.0000

Test for Normality
Shapiro-Wilk W Test

Wo Probew
0578079 0.0000
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Film Plant
RandomSample

M556 ppm
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Quanties
maximum 100.0% 030700

99.5% 030700
97.5% 0.15407
200% 0.00593

quinile 75.0% 000250
median 50.0% 000250
quinile 25.0% 000250

100% 000117
25% 0.00021
05% 000010

minimum 0.0% 000010

Moments
Mean 0.00816
Sid Dev 003932
Std Error Mean 000508
Upper 95% Mean 001832
Lower 95% Mean 000200
N 6000000
Sum Weights 60.00000

Test for Normality
‘Shapiro-Wilk W Test

Wo Probe
0162266 0.0000
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Random Sample
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Sum Weights 60.00000

Tast for Nomalty
Shapiro-Wilk W Test

W Probe
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Scatterplots and regression equations for fluorochemicals by years worked in chemical
(YRSCHEM) for random sample (n = 126) and for current job cateogries (chemical

operators, engineer/lab, maintenance, supervisor/mgmt and mill operators)
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Appendix H

Scatterplots and regression equations for fluorochemicals (natural log transformation) by
years worked in chemical (YRSCHEM) for all chemical participants (n = 187) and for

two current job categories (chemcial operators and engineer/lab)
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Appendix I

Random sample current job chemical operators (n = 47):Regression of luorochemical on gender, years worked in chemical and age: followed byregression equationoffluorochemical on gender and years worked in chemical:
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Lackof Fitsource OF SumoiSquares  MeanSquae RaoLackof Fit 2 1.677832 0449147 26825Pure Error is 3013903 0167439 ProbrTotalEmor Pl 14691735 00170MaxRSq

08933

Paramelor EstimatosTom Estimate SUEmor Ral Probl LoworSS%  UpperasuInercept LST 014029 1345 <0001  2ird014  eores‘GENDER(F-M) O78 0.103297 337 00016 0556062 0.39699YRSCHEM 00466744 0001 S12 <000l 00283126 06s0nes
Eftct TostSource Neam OF SumofSquares  FRatlo  ProbsFGENDER 1 37000 13418 ooolsYRSCHEM [ET 87620557 26210 <0001
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Appendix I
Page 6

Random Sample
Chemical Operators.

In POAA ppm
‘Summary of Fit

RSquare 0.197237RSquare Adj 0.14123Root Mean Square Error 0.590899Mean of Response 0635094Observations (or Sum Weis) Fd
‘Analysis of VarianceSource OF SumofSquares  MeanSquwe  F RaiModel 3 3.688886 12963 35217Error a 15013959 034916 PronkCToul Pa 18702845 00228

Lack of FitSource OF  SumoiSquares  MeanSquare  FRaioLackof Fit a 14919738 036389 7.7243PureError 2 0094221 0047LIL ProbarToulErmor “a 15013059 0.1211MaxRSq
09950

Parameter EstimatesTorn Estimelo  SiWEmor  tRato ProsiIntercept 03398931 042377 080 0.4266GENDER(F-M) 0318303 0.105633 301 00043YRSCHEM 0008%9 0011206 080 0.4310AGE 00003393 001108 003 09758
Effoct TostSource Noam DF SumofSquares  FRaio  ProbsFGENDER [I 31703565 90799 00043YRSCHEM Lo 02206817 06320 04310AGE [I 00003258 00009 09758
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Random Sample‘Chemical Oporators
In POA ppm
‘Summary of Fit

RSquare 0197219RSquare Adj 0.160720Root MeanSquare Error 0584152Mean of Response 0635094Observations (or Sum Wats) a
Analysis of VarianceSource. OF SumofSquares  MeanSquae RatioModel 2 3.688560 184428 saoError a 15014285 034123 ProbsFCToul 4% 18702845 0.0080

Lack of FitSource OF  SumofSquaes  MeanSquare RatioLackofFit 26 12692319 0488166 37843Pure Error is 2321965 0.128998 ProboFTotal Error a“ 15014285 00025Max RSq
08758

Paramotor EstimatesTom Esmalo  SUEfor (Ratio  Probsl  LowsrSS% UpperosxIntercept 0350616 0.142063 248 00171 006572  OeasarosGENDER(F-M] 0318283 010425 305 00039 0528737 0107839YRSCHEM 0009093 000921 099 03286 0009463 00376610
Effoct TostSource Neam DF SumofSquaies  FRaio  ProbsFGENDER 1 31700833 92901 00039YRSCHEM [— 03330469 09760 03286

001542
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Random SamplaChemical Operators.
In PFOSAA ppm
Summary of Fit

RSquare 0094599RSquare Adj 0031753Root Mean Square Error 1.570558MeanofResponse 44836Observations (or Sum Wes) a
Analysis of VarianceSource OF SumofSquares  MoanSquare RatioModel 3 1112095 370698 15028Error 8 106.06607 246665 ProbsFC Toul Pa 117.18701 02274

Lack of FitSource. OF SumofSquares  MeanSquare FE RatioLackofFit a 9782374 238594 05789Pure Error 2 824233 41216 ProboFTotal Error a 106.06607 05095MaxRSq
09297

Parameter EstimatesTom Esimate  StEmor tate robsIntercept SISI6T L12SS6S Sul <000l‘GENDER(F-M) 0441575 0280763 157 0.231YRSCHEM 002433 0029785 42 0.615AGE 00352765 0029525 119 02387
Effect TostSource Neam OF© SumofSquaes  Frao  ProboFGENDER [a 61015043 2473 0.231YRSCHEM J 5006216 20096 o.l6lsAGE Lo 35213341 L426 0237
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Random Sample
Chemical Operators

In PFOSAA ppm
‘Summary of Fit

RSquare 006485RSquare Adj 0022343Root Mean Square Error Ls78171MeanofResponse: “aa836Observations (or Sum Wgts) a
Analysis of Variance.Source DF SumofSquaes  MeanSquae  FRatoModel 2 7.59961 379981 15256Error a 10938740 249062 ProbaFCToul P 178701 02288

Lack of FitSource OF SumofSquas  MeanSquare FE RatioLackofFit 2 6699736 257682 1.0891Pure Error 13 4259004 236611 ProbsFTotal Error a“ 10958740 0.4335MaxRSq
0.6366

Parameter EstimatesTom Estimate SdEmor (Rao Probl  LowerSs%  UppersswIntercept 4486637 033804 1169 <000l 5260141 3133sGENDER(F-M), 0439541 0282119 Se 01264 Loo8I3 0.129308'YRSCHEM 0022657 0024883 091 03675 0072806 00274916
Effect TostSource Npam OF SumofSquaes  FRalo  ProboFGENDER [a 60456409 24274 0.1264YRSCHEM 1a 20649335 0891 03675

001544
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Random Sampla
‘ChemicalOperators.

InMS70ppm
SummaryofFit

RSquare 0.136842RSquareAdj 0.076621
Root Mean Square Error 1.107108Mean ofResponse. 203122Observations (or Sum Wes) a

AnalysisofVarianceSource. OF SumofSquares  MeanSquare RatioModel 3 8.355583 278519 22720Error a 52704577 122569 ProboFCToul 46 61060161 00937
LackofFitSource OF  SumofSquares  MeanSquae  FRatioLackof Fit 41 52472382 127981 11.0236PureError 2 0232195 011610 ProbsFToulError “a 52704577 0.0865Max Sq

0592

ParameterEstimatesTom Estimate SWEror  tRatio  ProbsiyIntercept 1709276 0793426 205 00374GENDER(F-M] 029462 0.1914 149 0.1439YRSCHEM 003858 0020996 183 00747AGE 0001758 0020812 -008 09331
EffectTostSource Noam OF SumofSquas  FRaio ProofGENDER ro 27163591 2212 0143YRSCHEM JE 40009505 33377 00747AGE roa 00087486 0.0071 09331
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Random Sample
Chemical Operators

In M570 ppm
‘Summary of Fit

Rsquire 0.136699RSauare Adj 0.097458Root Mean Square Error 1.094546MeanofResponse 203122Observations (or Sum Wets) a
Analysis of VarianceSource. OF SumofSquares  MoanSquwe  FRatioModel 2 8346835 42 sasError a“ 52713326 11903 ProbarC Toul a6 61060161 00394

Lackof FitSource OF  SumofSquares  MoanSquare  FRatioLackofFit 26 35199258 135382 13914Pure Error 18 17514068 097300 ProboFToul Error a“ 52713326 02365Max fiSq
07132

Paramotor EstimatesTom Estimsle  SWEmor (Rao Probsfl  Lower3s%  UpporgswIntercept L767331 0266189 664 <000l 2303797 133064GENDER(F-M] 0294733 0195665 LSI 01391 0.689068 00996013YRSCHEM 003934 00ITS8 228 00275 0074125 0004363
Effoct TestSource Neam DOF SumolSquaes  FRalo  ProbsF‘GENDER To 271820 2260 0.391'YRSCHEM ro 6266074 5197 0027s

001546
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Random Sample
Chemical Operators

10 PFOSA ppm
Summary of Fit

Rsquare 0040282RSquare Ad) 0.02667
Root Mean Square Error 1861868MeanofResponse 3.57167Observations (or Sum Wes) a

Analysis of VarianceSource. OF SumofSquaes  MeanSquae  F RatioModel 3 6.25657 20852 06016Eror a 14906169 346655 Prob>FCToul Ea 15531826 06175
Lack of FitSource. OF SumofSquas  MeanSquwe  F RatioLackofFit a 14538604 354600 19295PureError 2 3.67565 183782 ProbFTotal Error a 149.06169 0.4006Max RSq

09763

Parameter EstimatesTom Estimate SUEWor Ratio  ProbsiyIntercept 2698905 133437 202 00494GENDER(F-M] 0197181 0328 059 05567YRSCHEM 0023905 00331 068 05020AGE 001721 0035001 049 0254
Effet TostSource. Noam OF SumofSquas  FRaio  ProbsFGENDER [a 12166245 03510 05567YRSCHEM I LSB8S66) 04583 05020AGE io 08381204 02418 06254
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Random Sample
‘Chemical Operators

In PFOSA pom
Summary of FitRsquire 0034886RSquare Adj 0.00898Root Mean Square Error 1845756MeanofResponse 357167Observations (or Sum Wes) a

Analysis of VarianceSource. OF SumofSquares  MeanSquae RatioModel 2 5.41845 27023 osError a“ 149.89981 340681 ProbsFC Toul P 15531826 04579
Lackof FitSource OF SumofSquarss  MeanSquare  F RatioLackofFit 2 8289148 318813 08564Pure Error 13 67.00833 37268 ProvorTotal Error a“ 149.8981 0648sMaxRSq

0.5686

ParameterEstimatesTom Fsimate  SGEmor (Rao Probl Lower9s%  UppersswIntercept 3316074 044888 739 <000l 4220128 arisesGENDER(F-M) OI9BIT3 0329953 060 0512 0863148 O46esolsYRSCHEM 003353 0029102 LIS 0252 0.092205 00250987
Etoct TostSource Npam OF© SumofSquaes  Frao  ProboFGENDER [a L280 03607 05512YRSCHEM Loa 4585163 13293 0252

001548
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Random Sample‘Chomnical Operators
0 M555 pomSummary of Fit

Rquire 0.127024RSquare Adj 0066119Root Mean Square Error 1.108876Mean of Response 3.12253Observations (or Sum Weis) a
Analysis of VarancaSource. OF SumofSquares  MeanSquao  F RatioModel 3 7.693385 25646 20856Error a 2.873065 122961 ProbarCToul kg 60566451 01162

Lack of FitSource OF SumofSquires  MoanSquare  F RatioLackofFit a 52710027 128561 157707Pure Error 2 0.163038 00812 ProbarToul Error a 52873065 00613Max Sq
09973

Paramotor EstimatesTorn Esiimelo  SWEmor  tRaio ProblIntercept 2767872 0794694 351 000llGENDER(F-M) 0340998 0.19823 172 00926YRSCHEM 003131 002103 149 01438AGE 0004424 0020846 021 08329
Efoct TostSource. Noam OF SumofSquaies  FRaio  ProboFGENDER (— 36385764 2991 0096YRSCHEM FE 27256630 22167 0.1438AGE Lo 0055379 00450 08329
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Random Sample
‘Chemical Operators

In M556 ppm
Summary of Fit

RSquare: 0.12611RSquare Adj 0.086387
Root Mean Square Error 1.096777Meanof Response: 3.12253
‘Observations (or Sum Wats) a

Analysis of Variance
Source OF SumofSquares  MeanSauare F RatioModel 2 7.638006 381900 3.1748Error 44 52928445 120292 ProboFCTout 4 60566451 00515

Lack of FitSource OF  SumofSquaes  MeanSquare  F RatioLackofFit 26 36751620 141352 1.5728Pure Error 18 16.176825 089871 Prob>FTotal Error a“ 52928445 0.1616MaxRsq
07329

Parameter EstimatesTom Estimate SWEmor {Ratio  Probsli  Lowor95% UppersIntercept 2946517 0266731 1.05 <0001 3484077 2.408957GENDER(F-M] 0341253 0.196063 174 00888 073632 00538852YRSCHEM 003379 0017293 -195 00571 006862 00010617
Effect Tost

Source Npam DF SumofSquares  FRao  ProbsFGENDER ro 36441565 3.0204 0.0888YRSCHEM roa 45927300 38180 00571
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Appendix |

Random sample current job engineer/lab group (n = 23):Regression of fluorochemical on gender, years worked in chemical and age; followed byregression equationoffluorochemical on gender and years worked in chemical:

001551
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Random SampleEngineeriLab
In PFOS pom
Summary of FitRsquire 0.391004RSquare Adj 0204847Root Mean Square Error 0867828Mean ofResponse 093898Observations (or Sum Wets) 23

Analysis of VarianceSource. OF SumofSquaes  MeanSquae RatioModel 3 9.187310 306244 4.0663Error 1 14309381 075313 ProbsFCToul 2 23496691 00217
Lack of FitSource OF SumofSquaes  MeanSquare  F RatioLackofFit 13 133862763 077058 17244Pure Error 1 0.446618 0446618 ProbsFTotal Error 19 14309381 05438MaxRSq

09810

Parameter Estimates.Tom Estimelo  SGEwor Ral Proboll  LowerSS%  UpporossIntercept D6I686 1435087 043 0672 36047  2asesrrsGENDER(F-M) (0S61666 0214754 262 0010 1011148 -0Ml2issYRSCHEM 00467532 0038427 122 02386 0033675 0.271800AGE O03 0047633 065 05206 0.30872 00685214
Effect TostSource Neam OF SumofSuats  FRallo  ProbsFGENDER [a 51516007 68403 00170YRSCHEM Io 1148580 14803 02386AGE [I 03226016 04288 05206

001552
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Random Sample
EnginaorLab
In PFOS ppm
Summary of Fit

Rsquare 0377275RSquare Adj 0315002Root Mean Square Error 0855336MeanofResponse 0.93898Observations (or Sum Wgts) 5
Analysis of VarianceSource OF SumofSquaes  MeanSquare RatioModel 2 8.864708 443235 60584Error 20 14631983 073160 ProboFCToul 2 23496691 0.0088

Lack of FitSource OF  SumofSquaes  MeanSquare RatioLackofFit: 2 10913717 0509476 1.9568Pure Error El 3718265 0464783 ProboFTotal Error 2 14631983 0173sMaxRSq
08418

Parametor EstimatesTom Estimslo  SUEmor Ratio Probsl  Lower95%  UpperoswIntercept LSIBEI9 0271378 S67 <000l 210469 00120GENDER(F-M] 0537774 0208582 258 00180 0972865 0.102683YRSCHEM 00233371 0013818 169 01068 0.005487 0052161
Effoct TostSource. Noam DF SumofSquates  FRaio  ProbsFGENDER {— 48631638 66473 00180YRSCHEM [I 20866755 2822 0.1068

001553
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Random SampleEnginaorLab
In PHS ppm
Summary of FitRsquare 0427513RSquare AQ) 033712Root Mean Square Error Lo7a2ssMeanofResponse 254721Observations (or Sum Wats) 2

Analysis of VarianceSource OF SumofSquares  MeanSquwe  FRatoModel 3 16373916 545797 4705Error 1 21926470 LISO2  ProbsFC Toul 2 38.300386 00125
Lack of FitSource. OF SumofSquares  MoanSquwe  FRatioLackof Fit 13 21348414 118602 20517Pure Error 1 0578056 057806 ProboFTotalErmor 19 21926470 0.5060Max RSq

09849

Parameter EstimatosTom Foimale  SWEmor  tRelo Probl Lower95%  UppersswIntercept 2462016 177647 139 01817 6.180835 1 aesiorsGENDER(F-M) 0741805 0265837 279 0017 1298203 -01asderYRSCHEM 00546509 0047567 LIS 02648 0.044908  0.1542007AGE 0030306 0058963 OSI 0612 0.153717 009300
Effect TostSource Neam OF SumofSquas Frac ProbarGENDER [a 89859716 77866 00117YRSCHEM I 1S23321s 13200 02648AGE Lo 03048564 02682 06132

001554
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Random Sample
Engineerian

InPEHSpom
SummaryofFitRSquare 041955)RSquare Agj 0361500Root Mean Square Error 1054308Meanof Response 250721Observation (o Sum Wyts) 23

Analysis of VariancaSource OF SumofSquares  MemSauare FatModel 2 16069059 s0Ms3 72280Emor 2 2231326 LIST PronkCour 2 38.300386 00043
Lackof FitSource OF SumofSquies  MeanSquie  FRaloLackofFit Ii 18182976 151525 29943Pure Error 5 4048350 050604 ProbTotal Emor 2 2231326 00638MaxRSq

08543

ParameterEstimatesTom Esimelo  SWEMor  tRaio Pubs Lowor95%  UppergsiIntercept JIS 03ST ODE <00l  40%363 esosGENDER(F-M) OTTO 025703 279 002 lass ossYRSCHEM OOS 0017033 187 0079 000s 06ers
Eflot TostSource Noam OF SumofSquaws  FRaio  ProbsFGENDER 1 BSB 781s OoiYRSCHEM roa 3899557 3509 007s

001555
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RandomSample
EngneariLab

In POAABPM
‘SummaryofFit

RSquare: 0328411RSquare Adj 0222371Root Mean Square Error 0953194Meanof Response 156794
Observations (or Sum Was) 2

AnalysisofVariance
Source OF SumofSquares  MeanSquare  FRatioModel 3 8.441730 281391 3.0970Error 19 17263008 090858 ProbsFCToul 2 25704738 00514

LackofFitSource OF SumofSquares  MeanSquare  FRatioLackofFit 18 15.855759 088088 06260Pure Error 1 1407248 140725 ProbsFTotal Error 19 17.263008 07776MaxRSq
09453

ParameterEstimatesTon Estmale  SWEmor (Rao Probal|  Lower3S%  UpperoswIntercept LOIS Ls76253 065 05252 4319296 22789001‘GENDER(F-M] 06637196 0235879 281 001 -LIS4%2 0.170099YRSCHEM 00323327 0042207 077 04531 0056007  0.1206719AGE 00271 00S319 063 0513 0042213 00767938
Effect TestSource Npam DF SumofSquares  FRalo  ProbsFGENDER To 71953670 7.9194 oilYRSCHEM ro 05318 03868 04s3lAGE r 3 03551409 03909 05393

001556
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Random SampleEnginoariLab
In POAA ppm
Summary of Fit

Rsquure 0314595RSquare Adj 0246055Root Mean Square Error 0938567Mean of Response 1.56794Observations (or Sum Weis) 23
Analysis of VarianceSource. OF 'SumolSquaes  MeanSquare FaoModel 2 8086590 40429 45899Ertor 2 17618149 08891 ProbarC Toul 2 25704738 0029

LackofFitSource. OF SumoiSquares  MeanSquare  FRatioLackof Fit 2 15005915 12509 3807Pure Error 3 2612233 032653 ProbarToul Error 20 17618149 00326MaxRSq
0.5984

Parameter EstimatesTom Esimalo  SiWEwor (Rao  Probsl  LowerSS% UpperossIntercept CLOTHS 0297785 667  <000l 2608513 1 aesissGENDER(F-M) 0638727 0228879 279 00U3  -Ll6Is6 0.161298YRSCHEM 0007764 00ISI63 OSI 06142 0023865 00393931
Eft TostSource Noam DF SumofSquaes  FRaio  ProbsFGENDER {— 68604184 77875 00113'YRSCHEM [EE 02309580 02622 0642

001557
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Random Sample
EnginaerLab

In PFOSAA ppm
Summary of Fit

RSquare 0269018RSquare Adj 0.1536Root Mean Square Error 1.302561Mean of Response: 52038Observations (or Sum Wes) 2
Analysis of VarianceSource OF SumolSquaes  MeanSquare RatioModel 3 11863793 395460 23308Ermor It] 32236613 169666 ProbsFC Toul 2 4.100406 0.1067

Lack of FitSource DF SumolSquaes  MeanSquare  FRatioLackofFit 13 32.220887 17906 130.4211Pure Error 1 0013726 001373 ProboFTotal Error 19 32236613 0.0688MaxRSq
09997

Parameter EstimatesTom Estimato  SGEmor (Rao Probsl|  LowerS%  UpporsswIntercept 2I42278 2153988 099 03324 6.650586 23660001‘GENDER(F-M) 070565 032333 239 00273 144512 0.0958YRSCHEM O066BIE7 0057677 116 02610  00538% 0.181532AGE 0107688 0071495 LSI 01484 0257327 00419505
Effect TostSource. Neam DF SumofSquas  FRatio robsGENDER To 96957614 57146 00273YRSCHEM Lo 22771575 13421 02610AGE oa 3849343 22688 014g

001558
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Random SampleEngineerLab
In PFOSAA ppmSummary of FitRSquare 0.181732RSquare Adj 0.099905Root Mean Square Error 1343242Mean of Response 5.2038Observations (or Sum Wis) 2

Analysis of VarianceSource. OF SumofSquares  MoanSquare  F RaioModel 2 804449 40022 22209Error 20 36085957 L830 ProborC Toul 2 4.100406 0.1346
LackotFitSource OF SumofSquares  MeanSquare FE RatoLack ofFit 12 15048236 12562 04769PureError 8 21037721 26972 ProbskTotal Error 2 36.085957 0.3805MaxRSq

05230

Parameter EstimatesTom Smale SdEmor (Ral Probl Lowerds%  UpperaswIntercept SRM 046119 1250 <00l  6aisals rereGENDER[F-M) De0IS 037563 210 00485 137193 oomasYRSCHEM OOM 0021701 © 065 0522 009334  oosiieay
Effoct TostSource. Noam DF SumofSquaws  FRale ProperGENDER Io 79600380 44117 00486YRSCHEM Lo 07582318 0402 os22

001559
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Random Sample
EngineariLab
In M570 ppm
Summary of FitRSquure 004274RSquare Adj 0.10841Root Mean Square Error 0942783MeanofResponse “301612Observations (or Sum Wts) 23

Analysis of VarianceSource OF SumofSquares  MoanSauare  F RaioModel 3 0754025 0251342 02828Error It 16887940 0888839 ProbarCToul 2 17641966 08m
Lack of FitSource. OF SumofSquares  MoanSquaw  F RalioLackofFit 18 16791797 0932878 97030Pure Error 1 0096143 0096143 ProboFTotal Error 19 16887940 02481MaxRSq

09946

Parametor EstimatesTom Edimale  SWEmor (Ratio Prova  LowerS%  Upper9ssIntercept 204124 1559036 136 01910 S377 11489527GENDER(F-M) 0070074 023302 073 0479 0658377 03182307YRSCHEM 00257524 0041746 062 0546 00662  0.1i31268AGE 0033236 0051747 064 05284 0.141543 00750014
Effoct TostSource. Nea DF© SumolSquas  FRaio  ProbFGENDER To 047234628 05314 O4radYRSCHEM Lo 033824664 03805 0ssd6AGE [I 03666614 0412s 0528s
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Random Sample
EnginasiiLab
In M570ppm

Summary of FitRquire 0021957RSquare Ag 0.07585Root Mean Square Error 0928833Mean of Response 301612Observations (or Sum Wes) 23
Analysis of VarianceSource. OF SumofSquares  MeanSquare RaoModel 2 0387364 019%82 02245Error 2 17254602 0862730 ProbFC Toul 2 17641966 0.80090

Lackot FitSource OF SumofSquares  MeanSquare FaiLackofFit I] 8.184523 068206 06016Pure Error 3 9.070079 LISS ProboFTotal Error Ed 17254602 07939MaxRSq
0.4859

Parameter Estimates.Tom Esimale  SUEmor  tRalio  Proboli  LowerS5%  UpporassIntercept 309685 0204697 -10SI  <000I  3711s72  amaresGENDER[F-M] 0144602 0226505 064 05305 061708 03278751YRSCHEM 00007884 © 0015006 005 09586 0.030513 0032089
Effect TostSource Noam DF© SumofSquaes  FRao  ProbsFGENDER Lo 035161749 04076 05305YRSCHEM [I 000238175 00028 09586

001561
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Random Sample
EngneerLab

In PFOSA ppm
Summary of Fit

Rsquire oo11ssRSquare Adj 0.14453Root Mean Square Error 195302MeanofResponse. 5.39325Observations (or Sum Wets) 23
Analysis of VarianceSource OF SumolSquaes  MeanSquare RatioModel 3 0.846121 028206 00739Error 1 7.471423 381429 ProbeC Toul 2 73317544 09732

Lack of FitSource. DF SumofSquares  MeanSquae  F RatioLackofFit i] 72104070 400578 109044Pure Error 1 0367353 036735 ProbarTotal Error 19 7471423 02345MaxRSq
09950

Paramotor EstimatesTom Estimate SWEmor (Ratio  Probsll  Lowerss%  UpporoswIntercept SOBSIET 329618 18S 00794 1274470 07744598‘GENDER(F-M) OI760337 0483297 036 07197  083sSU  Lig78781YRSCHEM 000762 0086478 002 0980 018762 01799383AGE 0017139 0107197 016 08747 020725 02413001
Effect TostSource. Neam DF SumofSquaos  FRalo  ProbsFGENDER J 050603123 01327 07197YRSCHEM Lo 000158323 00004 09840AGE [I 009750555 0026 0747
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Random SampleEnginaerLab
In PFOSA pom
Summary of FitRsquare 0010211RSquare Adj 0.08877Root Mean Square Error 1.904848MeanofResponse 5.39325Observations (or Sum Wes) 3

Analysis of VarianceSource OF SumofSquares  MeanSquae FalcoModel 2 0.748615 037431 01032Error 20 72568920 362845 ProvsrC Toul 2 73317544 09025
Lackot FitSource OF SumofSquaes  MeanSquare FatLackof Fit 2 60697300 SOS8IL 34085PureError s 11871629 148395 Prob>rTotal Error 2 72568929 00452Max RSq

08381

Parameter EstimatosTom Simms | SdEmor Rao Proboil  Lowsrss% UppersIntercept Sion 060M36E 906 <000l 6739068 iaivem‘GENDER(F.M) OpllaRs | Odeisi6 035 0mes  omoss jaime'YRSCHEM OOLLLIS © 0030774 03% 07218 oss core
Effect TostSource Noam DF sumofSquaes  FRallo ProperGENDER To 044622510 01230 07205YRSCHEM Lo 04730607 01304 07218
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Random Sample
EngineerLab
In M556 ppm
Summary of FitRsquare 0039673RSquare Ady 0.1119RootMean Square Error 1218237MeanofResponse 4.65037Observations (or Sum Wats) 2

Analysis of VarianceSource OF SumofSquaes  MeanSquare RatioModel 3 Li68918 038831 02616Error 1 28197906 143410 ProbeFC Toul 2 20362824 08521
Lack of FitSource. OF  SumofSquaes  MeanSquae RatioLackofFit 18 2.7151 LS6512 607697Pure Error 1 0025755 002575 ProbarToul Error 19 28197906 0.1006MaxRsq

09991

Parameter EstimatesTom Sumele SWE (Rabo Publ Lowers UpporossIntercept S343 20148 290 0082 100605 reserGENDER[F-M] Dukm 00466 042 06 0150 osesienYRSCHEM 0018287 0053943 034 07383 013119 00946156AGE 003428 0066866 OSI 06147 0105734  o.17arees
Effoct TostSource Noam OF SumofSquares FRc ProbsFGENDER [a 026258648 0.1769 0.6787YRSCHEM [a 01705619 0149 07383AGE [I 038865284 02619 06l47

001564
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Random Sample
EngineriLab

In M556 ppm
Summary of Fit

RSquare 0026437RSquare Adj 007092Root Mean Square Error 1195545MeanofResponse 4.65037Observations (or Sum Wats) 2
Analysis of VarianceSource OF SumofSquaes  MeanSquae RatioModel 2 0.776265 038813 02715Error Ea 28.586559 142933 ProboFC Toul 2 29362824 0.7650

Lack of FitSource OF  SumofSquaes  MeanSquare RatioLackofFit 2 13.4606 112222 0.5938Pure Error 3 15.119953 188999 ProboFTotal Error 20 28586559 0.7996Max Rsq
0.4851

Parameter EstimatesTom Eimate  SGEmor (Rao Probl Lower35%  UpporoswIntercept 4832364 0379318 1274 <000I 5.623603 4041126GENDER(F-M] 053031 0291545 052 0.6054 076118 0asslT2YRSCHEM 00074147 009315 038 07051 0032874 0.047703
Effect TostSource Near OF SumofSquares  FRalo  ProboFGENDER ron 0.39380354 02755 0.6054YRSCHEM [EE 021064617 0.1474 0.7051
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Appendix K

All participant current job chemical operators (n = 64):Regression of fluorochemical on gender, years worked in chemical and age; followed byregression equation of fluorochemical on gender and years worked in chemical

001566



Appendixk
Page 2

AlParticipants
ChemicalOperators
InPFOS pom
SummaryofFit

RSquare 0.150430RSquare Adj 0.107961Root Mean Square Error 0643599Mean of Response 0.392284Observations (or Sum Wes) 64
AnalysisofVariance.Source OF SumofSquares  MeanSquare  FRatioModel 3 4.400964 1.46699 35416Ertor 60 24853181 041422 ProofCToul 6 29254145 00198
LackofFirSource OF  SumofSquaws  MeanSquare RatioLackof Fit 57 23861535 0418623 1.2664Pure Error 3 0991647 033059 ProboFTotal Error 60 24853181 04953MaxRSq

09661

ParameterEstimates.Tom Fsimate  SWEmor (Rao Probs|  Lower95%  UpporgswIntercept 0062633 0401961 016 08767  -0741408 08666743GENDER(F-M) JDasodes 010427 240 00194 0.459035  -0.041393YRSCHEM OO7II46  00LI0S2 LSS 0.1267 0004992 00392214AGE 0000079 0010698 001 041 0021478 00213193
Effect TestSource Noam OF SumofSquares  FRatio  ProbsFGENDER ro 23900299 S770 0.0194YRSCHEM ro 09933570 23981 0.1267AGE Loa 00000227 00001 09941
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Al Participants
Chemical Gperators

In PFOSalppm
Summary of Fit

Rquire 0.150438RSquare Adj 0.122584Root Mean Square Error 0638302MeanofResponse 0.392284Observations (or Sum Weis) 6
Analysis of VarianceSource. OF SumofSquares  MeanSquae FE RatioModel 2 4.400941 22007 5.4009Error 61 24853204 040743 ProbaFC Toul 6 20254145 0.0069

Lack of FitSource OF  SumolSquaes  MeanSquare  FRatioLackofFit 3 15838180 0510909 1.7002Pure Error 30 9.015024 0300501 Prob>FTotal Error 61 24853204 0.0748MaxRSq
06918

Parametor Estimates.Tom Estimate SGEmor (Ratio Probsl|  Lower95%  UpporsswIntercept 00598248 0.132618 045 06535 0205362 033501‘GENDER(F-M] 0250543 0.1088 244 00178 0456265  -004482'YRSCHEM 007067 0008912 192 00602 0000753 00348868
Effect TostSource. Noam OF SumofSquas  FrRaio  ProboFGENDER [a 2412931 59306 00178YRSCHEM Loa 14943613 36678 00602
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AlParicpants
Chamical Operators.

In PFHS ppm
Summary of Fit

Rsquare 0415491RSquare Adj 0386266Root Mean Square Error 0.644165Mean of Response 1.23084Observations (or Sum Wats) 6
Analysis of VarianceSource OF SumofSquaes  MeanSquwe  F RatioModel 3 17697687 589923 142168Ermor © 24896914 041495 ProboFC Toul a 4259460 <0001

Lack of FitSource OF  SumofSquares  MeanSquare RatioLackofFit E 20223557 0424975 1.8934Pure Error 3 0673357 024452 ProbsFTotal Error £3 24896914 03353MaxRSq
09842

Parametor EstimatesTom Esimale  SGEmor  tRalo Probl  Lower5%  UppersswIntercept -L72082 040314 428 <o00l 252664 0917144‘GENDER(F-M] 0370838 0104362 355 00007 059593 0162083YRSCHEM 00480263 00UIO6I 434 <0 00259001 00701525AGE 00ST 0010707 054 05940 0.027155 001568
Effoct TostSource. Noam DF SumofSquaes  FRalo robsGENDER 1 52393846 126266 0.0007YRSCHEM FE 782009 188510 <0001AGE ro 01191450 02871 0.5940
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Al Paricipants
Chemical Gparators

In PFHS ppm
Summary of FitRSquure 0.412694RSquare Ad) 0.393438Root Mean Square Error 0.64039MeanofResponse 1.23054Observations (or Sum Wets) 6

Analysiso VariancaSource OF SumofSquares  MeanSquae  F RatioModel 2 17578542 878927 214321Ertor ol 25016059 041010 ProbarC Toul a 42594602 <0001
Lack of FitSource. OF SumofSquaes  MeanSquare  FRatioLackofFit 31 16785999 0541484 1.9738Pure Error 30 8230060 0274335 ProboFTotal Error 61 25016059 00329MaxRSq

0.5068

Paramotor EstimatesTorn Estimate SWEmor  tRaio robs]  LowersS%  UppersswIntercept LOSI93 0133052 1447 <000I 2190247 resonGENDER(F-M) 03765 0103217 365 00005 0582895 0.170105YRSCHEM 00445754 0008941 499 <000 00266973 0.062453
Eftoct TostSource Noam OF SumofSquaws  FRaio  ProboFGENDER (— 545536 13304 0.0005YRSCHEM [EE 10195737 248568 <0001
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Al Participants
Chemical Operators

In POAA ppm
‘Summary of Fit

RSquare 021249RSquareAdj 01milsRoot Mean Square Error 0567525MeanofResponse 0614523Observations (or Sum Wats) 6
Analysis of VarianceSource OF SumofSuars  MeanSquare  F RaiioModel 3 5.21439 173813 5.3965Err 6 19.325057 032208 Prob>FC Toul 6 24530453 0.0024

Lack of FitSource OF SumofSquares  MeanSquare  F RatioLackofFit 57 18851100 0330721 2093Pure Error 3 0473957 0157986 ProbTotal Error 60 19.325057 03009Max RSq
09807

Parameter EstimatesTom Esmalo  SWEmor (Rao  Prob>li  LowersS%  UpporsswIntercept 04370637 0356448 123 02224 0271939 1 lag0cerGENDER(F-M] [0313225 0091945 341 00012 0497143 0.120307YRSCHEM O00IS0S21 0009745 154 0.1277 0.004482  0034s4ssAGE 0004228 0009433 045 065% 0.023007 00146413
Effect TostSource Near OF SumofSquares  FRato  ProbsFGENDER ro 37378707 11.6053 00012YRSCHEM oa 07683549 23856 0.1277AGE roa 00647015 02009 06556

001571



AppendixK
Page 7

Al Participants
ChemicalOperators
In POAAppmSummaryofFitRSquire 0209854RSquare Adj 0.183947Root Mean Square Error 0563795Mean ofResponse 0614523Observations (or Sum Wets) 6

AnalysisofVarianceSource OF SumofSquares  MoanSquie  FRatioModel 2 5.149695 257485 8.1008Error 61 19389758 031786 ProbsFCToul 8 24539453 0.0008
LackofFitSource OF  SumofSquas  MeanSquare  FRatioLackofFit 3 14849379 04712 3.165PureError 30 4540380 0ISI346  ProboFTotal Error 61 19389758 00011Max RiSq

038150

Paramotor EstimatesTom Cstmale  SUEM Ratio Probsli  Lowor9%  UppersswIntercept 02872479 0117138 245 00171  005W0152  Osr14806GENDER(F.M) 0317397 0090872 349 00009 0.499106 0.135688YRSCHEM 002509 0007871 159 0172 0003231  002sdss
Effet TostSource Neam OF SumofSquaes Rao ProboFGENDER 1 38788 120997 00000YRSCHEM roa 0807714 25355 oun
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Al Participants
Chemical Operators

In PFOSAA pom‘Summary of Fit
RSquare 0088735RSquare Adj 0043172Root Mean Square Error 1.583933Mean of Response: 4.28694Observations (or Sum Wgts) 64

Analysis of VarianceSource OF SumofSquares  MeanSquare  F RatioModel 3 14.65802 488601 1.9475Eror 6 15053065 250884 ProboFCTout 6 165.1867 01316
Lack of FitSource OF SumolSquares  MeanSquare  F RatioLackofFit 51 13442483 2.35833 04393Pure Error 3 16.10582 536861 ProboFTotal Error 60 150.53065 09106Max Asq

05025

Parameter EstimatosTorn Esimale  SWEor (Rao Probl  Lowsr95%  UppersswIntercept 5252813 0989248 531 <0001 T2364 3274023GENDER(F-M) 02127 0256614 203 00467 -L034sTs 0007964YRSCHEM 004353 0027199 160 01148 0097936 00108755AGE 00265422 0026328 101 03174 0026121 00792083
Effect TostSource Near OF SumofSquaes  FRalo robsGENDER ro 10352296 4.1263 0.0467YRSCHEM [ET 6426227 25614 0.1148AGE oa 2549914 Lo164 03174
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Al Participants
Chemical Operators

In PFOSAA ppm
Summary of FitRSquare 0073299RSquare Adj 0082915Root Mean Square Error 1583146MeanofResponse: 4.28694Observations (or Sum Wats) 64

Analysis of VarianceSource OF SumofSquass  MeanSquare F RatioModel 2 12.10810 605405 24124Ermor 61 15308056 250952 ProboFC Toul 6 165.18867 0.0981
Lackof FitSource OF  SumofSquaes  MeanSquae  F RatioLackofFit 3 84.6080 273099 1.1975Pure Error 30 63.41976 228066 ProboFTotalError 6 15308056 03117MaxRsq

05858

Parameter EstimatesTom Estimate SWEWor (Rao  Probsfi  Lowor95%  Upper95%Intercept 4312304 0329134 -1310  <0001 497049 3654150GENDER(F-M) 0495076 025533 194 00571 -L00S64 00154881YRSCHEM 0027566 002117 125 02174 0071792 00166594
Effect TostSource Noam DF SumofSquares  FRao robsGENDER ro 94347501 3759 0.0571YRSCHEM Loa 3.898446 15535 02174
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All Paricpants
Chemical Operators

In M570 ppm
‘Summary of Fit

Rquire 0.164237RSquare Adj 0.122039RootMeanSquareError L214Mean of Response 194564Observations (or Sum Weis) 6
Analysis of VarianceSource OF SumofSquares  MeanSquae RaoModel 3 14823015 493100 39302Error © 75430695 125718 ProbsFCToul a 90253710 00126

Lack of FitSource OF  SumofSquares  MeanSquae RatioLackof Fit 57 75084356 131727 11402Pure Error 3 0346339 01isss  ProboFTotal Error © 75.430695 00335Max ASq
09962

Parametor EstimatesTom Estimate SUEwor (Rat Probl  Lower95%  UpperoswIntercept lan4d6 0700272 175 0080 262319 01783065GENDER(F-M) 0330479 0181653 182 0070 069383 0032881YRSCHEM 003776 0019254 201 0048S 0077289  -0.00026sAGE 0012926 0018637 069 04906 0050205 00243593
Effect TostSource Noam OF SumofSquaes  FRatio  ProbsFGENDER 1 41610173 3398 00739YRSCHEM FE 50990709 40560 0.0485AGE Lo 06047597 04810 04906
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Al Participants
Chemical Operators

In M570 ppm
Summary of Fit

RSquare 0.157537
RSquare Adj 0.129915
Root Mean Square Error L166
Mean of Response 1.94564
Observations (or Sum Wes) 64

Analysis of VarianceSource OF SumofSquares Mean Square F RatioModel 2 14218255 7.10913 5.7033Error [1 76035455 124648 Prov>FC Tol 6 90253710 0.0054
Lack of FitSource OF SumofSquares Mean Square F RatioLackofFit 31 38667300 1.24733 1.0014Pure Error 30 37368155 124561 Prob>FTotal Error 6 6.035455 0.4993Max RSq

0.5860

Parameter EstimatesTom Estmalo  SWEMor  tRatio Probsf|  Lower95% Upper 95%Intercept L6BMT4 0231964 724 <0001 2148315 1216632GENDER(F-M) 0343235 0.179949 191 00612 0.703066 0.0165953YRSCHEM 004655 00ISSET 299" 0.0041 007719 0015382
Effect TestSource. Nparm DF Sum of Squares. F Ratio Prob>FGENDER J 4.534934 3.6382 0.0612'YRSCHEM ro 11117067 8.9187 0.0041
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Al Participants
Chemical Gperators

In PFOSA pom
Summary of Fit

Rquire 0036452RSquare Adj 001173Root Mean Square Error 187564Mean of Response 38617Observations (or Sum Wes) 6
Analysis of VarianceSource. OF SumofSquares  MoanSquare RatioModel 3 798536 266179 07566Error © 21108153 350803 probsFC Toul & 219.0689 0529

Lackot FitSource OF  SumofSquares  MeanSquare FE RatioLackof Fit 57 207.2031 36313 28112Pure Error 3 387923 129308 ProborTotal Error © 20108153 02148MaxRSq
09823

Parameter EstimatesTom Estimate SdEmor  tRalo  Probsi|  Lower95%  UppersswIntercept 3082 LITA 263 00108 5426765 0740nesGENDER(F-M] O16 0303874 039 0651 0727531 04881469YRSCHEM 00821 003208 090 0378 0093347 00355046AGE 0013 0031176 043 06659 007582 00488320
Eftoct TostSource. Noam DF SumofSquaes FRc  ProbsFGENDER [a 05458097 0ISSI 0951YRSCHEM [I 28366160 08063 03728AGE [a 06625603 0.1883 06659
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Al Participants
‘Chemical Gparalors

In PFOSA pomSummary of Fi
Rsquare 0036152RSquare Adj 001173Root Mean Square Error 187561MeanofResponse 3.8617Observations (or Sum Wes) 6

Analysis of VarianceSource. OF SumofSquares  MeanSquare RatioModel 3 798536 266179 07566Error 6 21108153 351803 probskC Toul & 219.0689 0529
LackofFitSource. OF  SunolSquaws  MeanSquare  FRatoLackofFit 57 207.2031 363513 28112Pure Error 3 3.87923 129308 proboFTotalError 3 21108153 02148Max RSq

09823

Parameter EstimatesTom fstmalo  SWGEmor (Rao Probl Lowerss%  UpperoswIntercept 3083552 LI7I4Z4 263 00108 5426766 0raonrsGENDER(F-M) 01196 0303874 039 06951 0721531 ossidesYRSCHEM 002821 0032208 050 03128 009347 00355096AGE 0013 003UT6 043 0665 007582 0043892
Effect TostSource Nparm OF SumofSquares  FRato  ProbsFGENDER [a 05458097 0IsSI OgosYRSCHEM Lo 28366160 08063 03738AGE [I 06625603 0.1883 06659
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Al Participants
Chemical Operators

In PFOSA ppm
Summary of Fit

RSquire 0.033427RSquare Adj 0001736Root MeanSquare Error 186312Mean of Response 38617Observations (or Sum Wes) 6
Analysis of VarianceSource OF SumofSquares  MeanSquwe RatioModel 2 732280 366140 10548Error 61 21178409 347121 ProbsFCToul & 219.0668 03545

Lack of FitSource OF  SumofSquares  MeanSquwe RatioLackofFit 31 107.46461 346660 09973Pure Error 30 10427948 34758 ProborTotal Error 61 21174409 05037MaxRSq
05240

Parametor EstimatesTom Estimate SWEmor (Rao Probsf  Lower9S% Upper sssIntercept 3562968 038709 920 <000l 431015 33isorsGENDER(F-M) 013304 0300204 044 06593 073352 04674322YRSCHEM 0037059 0026012 42 01593 008073 0014954
Effect TostSource Neam DF SumofSuaes  FRaio  ProbsFGENDER To 06813608 01963 06593YRSCHEM [I 70ST 2098 0.503
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All Participants
Chemical Operators

In M586 ppm
‘Summary of Fit

RSquare 0.135522RSquare Adj 0092298Root Mean Square Error 1.04555Mean of Response “3.10248
Observations (or Sum Wats) 6

Analysiso Variance
Source OF SumofSquas  MeanSquae  F Ratio‘Model 3 10282420 342747 3.1353Emo 6 65590476 L937 ProbsFCTotal 6 5.87289 00319

Lack of Fit
Source OF  SumofSquaes  MeanSquao  FRatioLackofFit 57 65396881 LIAL 17.7790Pure Error 3 0.19359 006453 ProbsFToul Error 6 65590476 00177Max RSq
09974

Parameter EstimatesTom Estimate SWEmor (Rao Prob  Lower95% UppersIntercept 2765873 0653 424 <o00l 4072068 1.459679GENDER(F-M) 036628 016939 216 00346 0705111 0.027448YRSCHEM 003039 0017954 169 00957 0066304 0005523AGE 0006153 0017379 035 0.7245 0040916 00286099
Effect TostSource Npam DF SumofSquares  FRatio  ProbsFGENDER [I S.113761 46757 0.0346YRSCHEM ro 3218 28652 00957AGE [a 0137028 01253 07245
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Al ParicipantsChemical Operators.
In M555 pom
Summary of FitRsquire 0.133716RSquare Adj 0.105313Root Mean Square Error 1038027MeanofResponse 3.10248Observations (or Sum Wits) 6

Analysis of Variance.Source OF SumofSquaes  MeanSauwe  F RatioModel 2 10145391 507210 47078Error 6l 65727505 LO7750  ProbsFC Toul 6 75872896 00126
Lack of FitSource OF SumofSquares  MeanSquwe  FRatioLackofFit 31 36884521 1.18982 1.2376Pure Error 30 28842984 096143 ProbsFTotal Error 61 65727505 02807MaxRSq

06199

Paramolor EstimatesTom Esimalo  SUEmor  tRalio  Probsll  Lower9s%  UpporoswIntercept 298398 0215668  -1384  <000l  341slss  3SreeGENDER(F-M) 0232 0167307 223 00298 0.06908 00378YRSCHEM 0034091 0014492 235 oa 006307 0005112
Effect TostSource Neam DF sumofSquaes  FRaio  ProbFGENDER [a 5369633 49531 00208YRSCHEM [EE 5964431 5536 0219
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Appendix L

All participant current job engineer/lab group (n = 37)Regression equation of fluorochemical on gender, years worked in chemical and age;followed by regression equation of fluorochemical on gender and years worked inchemical
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All Participants
EngineeriLab
In PFOS ppm
‘Summary of Fit

RSquare 0.386611RSquare Adj 0.330848Root Mean Square Error 0825205MeanofResponse 094033Observations (or Sum Wets) 37
Analysis of VarianceSource OF SumofSquies  MeanSquwe  FRalModel 3 14163658 an 693mError n 2.471780 06896 ProbarCToul 3 36635438 0.0010

Lackof FitSource OF  SumofSquies  MeanSquare  F RalLackofFit 2 205162 068828 15411PureError 1 0.446618 0446618 ProboFTotal Error 3 2471780 05735Max RSq
09878

Parameter EstimatesTom Estimalo  SiGEmor (Rao Probl  LowerSs%  UppersswIntercept 2071342 085018 244 00204 3801035  0adiersGENDER(F-M) 0434266 0165902 262 00133 07M8IS 0096757YRSCHEM 00I89436 0021692 087 03838 0025188 00630753AGE 0046474 002643 055 05834 0039152  006844es
Effect TostSource Noam DF© SumofSquaes  FRatio  ProboFGENDER [It 46662679 68525 00133YRSCHEM Lo 0519357 07627 03888AGE Lo 02089349 03068 058
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Al Participants.
EnginesriLab

InPFOS ppm
SummaryofFit

RSquare: 0.380908RSquare Adj 0344491Root Mean Square Error 081675Meanof Response: -094033Observations (or Sum Wgts) 3
AnalysisofVarianceSource OF SumofSquares  MeanSquare F RatioModel 2 13954723 697736 10.459Ermor 4 22680715 066708 ProbsFCToul 3 36635438 0.0003

LackotFitSource OF SumofSquares  MeanSquare F RatioLackofFit 19 12658602 0.666242 09972PureError 1s 1002112 0668141 ProboFTotal Error 3 22680715 05100MaxRSq
07264

Parameter EstimatesTom Estimate SGEmor (Rao Probl Lower9s% UppersIntercept Lela 020928 772 <000I 2040516 -1139906GENDER[F-M] 0439047 0163982 268 003 0772296 0105797'YRSCHEM 00293537 0010721 274 00098 00075663  00SII41
Effect TestSource Nea OF SumofSquares  FRao  ProboFGENDER FI 47819718 7.1685 00113YRSCHEM [I SO008180 7.4966 0.0098
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All ParticipantsEngneorLab
In PFHS ppm
‘Summary of FitRsquire 0.445073RSquare Aj 0.304625Root Mean Square Error 0963293MeanofResponse 25975Observations (or Sum Weis) 37

Analysis of Variance.Source. OF SumofSquares  MeanSquare  F RatioModel 3 24559883 818663 88204Error 3 30621778 092793 ProboFCToul 36 5.181656 0.0002
Lack of FitSource OF  SumolSquaes  MeanSquare  FRaiioLackofFit 32 30043718 0938866 1.6262Pure Error 1 0578056 057806 ProbsFTotal Error 5 30621774 05616MaxRSq

09895

Parameter EstimatesTom Eimale  SWEmor (Rao Probl  Lowsr95% UpperosIntercept AOS 0992447 41 00002 6097127 5oSoasyGENDER(F-M) COS660SS 0.193664 292 00062 0960065 0.172045YRSCHEM 00256075 0025321 101 0312 0025909 0071134AGE 0018228 0030868 061 0541 0043879 00817245
Effoct TostSource Neam DF SumofSquaes  FRalo  ProboGENDER [a 79274931 8542 00062'YRSCHEM Lo 0940174 1027 03192AGE ro 03487090 03758 05441
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AtparicpanisEnanorian
InPHSpomSumma fFRsqure orsRquaeAdj 00374RootMeanSquare Er 0334409Menof Response orsObservations (or Sum Wats 3

AnalysisofvarianceSource oF SumorSams© MeanSuwe FrioVide! 2 Prins lose isonEn a 30570483 05100 ProwsrToa % Ss.s16s6 Soon
LacktFeSource OF SimoiSqmms  MeanSuare FrioLackorFi Ws Tai 20515 256Fur Ero is [rar 05813 rerTolEner 3 20970485 GosVaxRsos

Parameter EstimatesTom Esimme | SEvor Rai Publ Lowerssk  UpporasnInreept Su oan lex col aoe TmGENDER(EM) O06 oie 299 om aoe ermRSCHEM OURS 00228 312 oan core om
Etoct TostSouce Noam OFC Sumorswems  FRale  ProvrGENDER To sis somo oooRSCHEM io SEs oro Ooo
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All Participants,
EngineariLab

In POAA ppm
‘Summary of Fit

RSquare. 0305199RSquare Adj 0242035RootMean Square Error 0910104
MeanofResponse. “162112
Observations (or Sum Wats) 37

Analysis of VarianceSource OF SumofSquares Mean Square FRatioModel 3 12.006567 4.00219 4.8319Error 3 27333536 082829 Prob>FC Toul 36 39.340103 0.0068
Lack of Fit

Source OF SumofSquares MeanSquare FRatioLackof Fit 2 25.926287 081020 0.5757Pure Error 1 1.407248 1.40725 Prob>FTotal Error 33 27333536 0.8031Max RSq
09642

Parameter EstimatesTorm Estimate SWEmor (Rall  Probslii  Lower95%  Uppor 95%Intercept 2930403 0937648 3.13 00037 4838141 1022846GENDER(F-M] 0521939 0.182971 289 00068 0900194 0.155684YRSCHEM 0002985 0023923 0.12 09014 0051658 00456859AGE 00256936 0.029164 088 03847 003364 00850277
Effect TostSource Npamn DF Sum of Squares F Ratio Prob>FGENDER To 68958131 8.3254 0.0068YRSCHEM J 00129048 00156 09014AGE [I 06428967 07762 0.3847
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All Pariciants
EnginoorLab
In POAA ppm
Summary of Fit

RSquare 0.288857RSquare Adj 0247025Root Mean Square Error 0907103Meanof Response “LezObservations (or Sum Wes) 37
Analysis of VarianceSource OF SumolSquares  MeanSquare  F RaioModel 2 11363671 56818 69052Error 3 2.976432 08228 ProbarC Toul 36 39340103 00030

Lack of FitSource OF SumolSquass  MeanSquae  FRatioLackofFit 19 17231908 0.906943 1.2661Pure Error Is 10744524 071632 ProboFTotal Error u 2.976432 03249MaxRSq
07269

Parametor EstimatesTom Esimalo  SIGEmor Rao Probl]  LowerS5%  UpperoswIntercept ZITA 0232431907 <000l 2602129 essesGENDER(F-M) 053629 0182123 294 0008 0906406  -0.166175YRSCHEM 00IS2746 00107 128 02082 0.008923 00394721
Effect TostSource Neam DF SumofSquaes  FRalo  ProbsFGENDER To 7134859 867110 00058YRSCHEM [I L348 Lets 020m
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Al Paricipants
EnginoeriLab

In PFOSAA ppm
SummaryofFit

RSquare: 0.181276RSquareAdj 0.106847
Root Mean Square Error 1.272756MeanofResponse 5.65628Observations (or Sum Wets) 37

AnalysisofVarianceSource OF SumolSquass  MeanSquare  F RatioModel 3 11836056 394535 24355Error 3 53456962 L6I9OL  ProboFCToul 36 65293017 00822
LackofFtSource OF SumofSquares  MeanSquae FRaioLackofFit 2 53443235 LET0I0 121.6742Pure Error 1 0013726 001373 ProbTotal Error n 53.456962 00717MaxRSq

09998

Parameter EstimatesTom Estimate SWEmor (Rao Probl LowerdS%  UpporoswIntercept 3671933 1311276 280 00084 -6345727  -10l0138GENDER(F-M] OS71849 025588 223 00323 1092437 -00Si26lYRSCHEM 00270165© 0033456 081 0.4251 -004105 0.095083AGE 0063657 0040785 156 0.1281 0.146634 00153199
EffectTostSource Npam DF SumofSquaes  FRatio robsGENDER J 80905950 49945 00323YRSCHEM Lo 10563257 06521 0.4251AGE [It 3546258 24361 01281
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All Paricipants
EngincarLab

In PFOSAA ppmSummary of FitRquire 0.120837RSquare Adj 0069121Root Mean Square Error 1.299358MeanofResponse 5.65628Observations (or Sum Wets) 3
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Al Participants
EngineeriLab

In M570ppm
SummaryofFit

RSquare: 0023179RSquare Adj 2006562Root Mean Square Error 0.990095Mean ofResponse “3.19558Observations (or Sum Wyts) 37
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All Participants
Enginear/Lab

In M§70ppm
Summary of Fit
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All Participants
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In PFOSA ppm
Summary of Fit
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All Participants.
EngneoriLab

In PFOSA pom
Summary of Fit
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Al Paricipants
EnginosriLab
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All Participants
EnginaorLab
In MSs ppm

‘Summary of Fit
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AppendixM

Scatterplots (and regressions) of fluorochemical levels of all chemical participant
‘male chemical operators (n = 52) and engineerflab (n = 28)

with years worked in chemical
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Polynomial Fit degroe=2
In PFOSdippm = 0.07855 + 0.08713 YRSCHEM - 0.00255 YRSCHEMA2

‘Summary of Fit
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Polynomial Fit dogroe=2
In PFHSdfppm= -1.7114 + 0.10078 YRSCHEM - 0.00215 YRSCHEMA2‘Summary of Fit
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Root Mean Square Emor 0.640775
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Polynomial Fit dogroe=2
InPOAAppm = 0.30559 + 0.10002 YRSCHEM - 0.00313 YRSCHEM"2

‘Summary of Fit
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RSquare Adj 0237727
Root Mean Square Error 0467638
MeanofResponse: 0739719
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Polynomial Fit degroo=2
In PFOSdfppm = -1.6361 + 0.13222 YRSCHEM - 0.00282 YRSCHEM2

‘Summary of Fit
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Polynomial Fit dogroe=2
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‘Summary of Fit
Rsquare 025755
RSquare Adj 0.198052
Root Mean Square Error 0.849296
MeanofResponse: “132623
Observations (or Sum Wats) 2%

Analysis of Variance
Source. OF SumofSquwes  MeanSauae RatioModel 2 6252264 302613 4330
Error 2 18032601 072130 Prob
CToul 2 24284865 000

Paramotor EstimatesTom Estimelo  SWEmor (Rat Probl  LowerSS%  Upper95%Intercept 2164287 0331972 640 <0001 286048 1468226YRSCHEM OISIGETs  00S746 282 002 00409971 02623777YRSCHEM"2 0003821 0001496 255 0071 0006902 0.000741

001613



hopendix1Page 18

Aparipansalo Ergonnorapo By vPCHEM
ad :

i”
El

J Lo
TI ARsEe

wa

Unear iInPFOSAAAfzpm 3.1411 00164 YRSCHEMSaranoiFaRqure oo2uzrRove Ad “GaisosRook ean uae ror omnesNeamot Response SanOtvarvations or umWet) £4
AnsysofVaraSouee or “Shorsum Mensur RaoVio | fri] Th estsFy 2 son Lenn perShoat 7 $2 tious Gen
Parameter EstimatesTam Emo Suter iRal Pohl  lowrse  Upperasment SIS osm ILS <a eomme TmVRSCHEM Doles 0oms Oa oar costs osm

001614



Appendix4
Page 19

Ai ParicpantsValoEngieoriiabIn MSToppmBy YRSOHEM
“mn :

mF :

Podge. Tt
: ——tww

<n :

PS 08 As bE
wo

near FitIn $70ppm=3.1804 + 0.00328YRSCHEM‘Summaryof FiRsqure 000186RSqureAd 003653Root MeanSquareError 1024495MeanofResponse “2301Observaions (or Sum Wats) 2
Analysisof VarianceSource OF 'SunofSquares  MeanSauro  FraioModel 1 0050840 05084 0048sErr 2 2128933 108959 ProseCoal 7 234015 08275
Parameter EsimatesTom Estimate  SUEMr (Rao Probl Lowsr9s%  UpporoskInercept SIMS 03% 970 <000l 38S asisisYRSCHEM 00st ous 02  ofrs 00s oomsee

001615



AppendixM
Page20

Apacsilo EngineIn PEOSAors By YHSCHEM
in . - «.t

A :

go-
fof

BL).—

Vin ass.
wo

LinearFitInPROSAdfppm= 6.0798 + 001464YRSCHEMSummaryoiFiRqure 0014659RSquareAdj “02324RooManSquareEr 061Nieanof Response Seishsrvaions (or Sum Wee) =
AnaisofvarncoSouce or MeimorSme MenSuie FaoNios i Siszio ois lossesBr % sa230528 20 PootCow 7 Gasarer 13:4
Parameter EtmatosTom Eoimdo  SuEror iRai Poll Lowross  UporssInept SoMm06 Osis 118 cool meow ereRscEm Cols oma Oa 034 00m oosion

001616



Aopendixrea

r——ids Erninf pony vw
TE

i” .
»
of
JRaf TT
wd N

TTT TE
oo

arrInM56 = 43555 00057 YRSCHEMSayFyRoque omensRte dy “Sossts
Root Mean Square Error 1.297208NemoResp FrOtraion orSam Wes) 3

Anaisotvancesou or neta Menswwe FRcier " Sen os oomHor 6 anim ems peeEval » Srna fied
[——Tom Gms CE Tae Publ Lows poresJu ET Chm hr on mem “meTschm Goo oss 0m oom oom adm

001617



Appendix N
Page 1

Appendix N

Scatterplots (and regressions) of fluorochemical levels of all chemical participant
female chemical operators (n = 12) and engincer/lab (n = 9)

with years worked in chemical

001618



AppendixNos
onsAEE
rE

£ . :

“1 RN

ert
2berope sonsNe preBEN rie aore cope

treoawm ThER Tian oh= or EE Fs
rotior Ste SEE pt ions uaRemo GEE mE ETE HE ow

001619



sgn
Page 3

=

1" -

¢n—
z£17

.
15 ++

Se

orinErsapomS308 sesvcraessour oasisfe smgon SameSorbie Se romsSTS wg A
ntvarasoe or EL re enueoz ToSmusuan wes coeoc 6 dam Tmo as8 jm fs
amtEsmerom Cin SETS ros tpprennjad Soham ee Po lowes umsi Com ome Tn sa ghaem

001620



AppendixN
Page 4

Ai ParicipantsFomala Chemea Operators
InPOAA pom By YRSCHEM

™
0” . =
" TF

Eo
Eon
as

20 +; W u
wo

LinearFitIn POAAppm = 0.32148- 0.03055YRSCHEM‘Summaryof FitRSquire oomsisRSquureAdj “0022RootMeanSquare Eror 0715366MeanofResponse 0072008Observations (or Sum Wt) 12
AnalysisofVariancoSource oF SumoiSquama Measure FrioModel 1 adsui Cus sensErr 10 s174828 sis ProborCToul i 53613609 03736
Paramotar EstimatesTom Esineto  SGEmr (Fale Prov  Lowerds%  UpperosInercept 0321419 OBI 095 036 owls versioYRSCHEM 003058 00328 09 036 0l036n  00ssa

001621



AppendixN
Page 5

rm,

2

“am + : .

0 + +

-

001622



Appendix
Page 6

A1paricpansFama Crome Operators
0570oom gy vse=

1
1 Ne

|

ia .
5 >
a

) v 5wou

Unoari
In570ppm= 2.1009 -0.0371 YRSCHEMSummaryolPt

RSquare 0.111759
RSquareAdj 0022934RootMeanSqureEro aminMeanof Response TawObservation orSumWi) iH

AssoVarancaSource oF “SumorSamme MemSwwe FrioVier | oases “Osten houEner 10 S095 050305 PowerCou 1 frie [34
ParameterEstimatesTor Eman SEror iRalo Probl Lowerosk  UpperoswInet 20000 oMisis Gls oom Saoms emerYRSCHEM 0S 00M I 0:2 oom oo

001623



——
Page 7

re

m |

-
J or
sn

ss

rss SHE ogrevisRysou omoe. fraRE eter =Rote Se roBe ve
estvste or Ue enueos naman” seesaw eweoc Banas Toman eldBn per pect
Eranom Comme CIEEww Some SEER mm lowe uponWoh wee eenn te owl Dd He

001624



AppendixPage8

aupariciansFama Chama Gpoatrs
_mMsssopmeyvasCHEM7

;Sento.

Eo :
2 .
20d

sq.
“50 & .: 5

wa

UnoarFitInMSS6opm = 3.1454 0.05942YRSCHEMSummaryofFtRSque 019673RSquareAdj oorsenRootMien Square ror o54olssMeamofResponée SeriesObservations (or Sum Ws) 2
Analysisof VarianceSource or “Simos MemSwee FruVie! | \oro53s ios 1900Emer 1 §536975 0390 pronCow hi wsis50 aise
Parameter EstimatesTom Esimalo  SGEmor iRa  Pobi Lowes Upperoswoerept SUSE osush 70 <oml awe renYRSCHEM D0ssel 008107 13% oul oussl Goes

001625



Appendix N
Page 9

Al Partcpants
FomaloEngincariLab

In PFOS ppm By YASCHEM

] oT

:

Ee

. Tt—

$05 wos Bos nox
sow

LinoarFit
In PFOSdfppm= -1.8939 + 001024 YRSCHEM

‘SummaryofFit
RSquire 0058759
RSquareAdj 00757
Root Mean SquareError 0505477
MeanofResponse -1.80801
Observations (or Sum Wets) 9

AnalysisofVariance
Source. OF SumofSquares  MeanSquare Ratio
Model 1 o.1116584 011l68 04370
Error 7 17885504 0255507 ProboF
CToul 8 19002048 05297

Parameter EstimatesTorn Estimate SWEmor (Rao Probf  Lower95%  Upper9swIntercept L899I3 0212779 890  <0001 2397059 -1390766YRSCHEM 00102397 0054 066 05297 0026388 00463678

001626



AppendixN
Page 10

russJCI
A——

TTT
wa

drones
InPFHSdfppm=-3.9868+0.03015YRSCHEMFlt© aque erasimg omeRee rere Sooem Soe ieee ge )

onsse or CERES re romei To Sma MemSwms raeB= 7 She samy owa Ve
smCoesTom comme SHEE son rosefruit Shem Cw un Cll lemma umesi Come Comme Te awn an ges

001627



AppendixN
Page11

AlParicpants
Fomalo EnginoarLab

In POAApomBy YRSCHEM
W

19

w

Fw)

amd »

19

HERECAEBEBEIF
wow

LinearFitIn POAApPm =2.5628+000289 YRSCHEM
SummaryofFitRsquire 0001765RqureAdj 0.14084RootMean Square Error 0845257Meanof Response. 25%)Observations (or Sum Ws) °

AnalysisofVariancoSource OF sumoiSquaws  MeanSquare  FRaioModel 1 00089035 0008904 00124Error 7 5037756 0719539 ProborCou 8 50456791 03145
Paametor EstimatesTom Estinate  SWEmor (Ral Probl LowsrSs%  UpperdsiInercept 252785 03STOTL US 00002 34073 1718439YRSCHEM 00028915 0025994 OL 09145 0058575 0064384

001628



Appendix
Page 12

Al ParicipantsFomalo Engnoariab
In PFOSAA ppm By YRSCHEMTE

5
5»
fall—go.
Zan
Tan

an
VS n 8 a8sw

ws

Linear itInPROSAAdIppm=6.1434- 0.02633YRSCHEMSummaryof Fit.RSqure 0.103266RSquareAdj 0.02484Root Mean Square ror 0957088MeanofResponse “636431Observations or Sum We) 5
Analysisof VariancaSource OF SumoiSuams  MemmSauwe RaboModel 1 O77 0738407 ode)Eor 7 64121225 0916018 ProvorCoal 8 71505298 03991
Parametor EstimatesTom Esirate SUE (Fale Probl Lowerds%  Upperoswnircept CIM 04S 1525 <000l Toco soreYRSCHEM 0026333 00929 0% 0399 0095686 00430209

001629



Appendix N
Page 13

All Participants
Female EnginoarLab

In MS70 ppmBy YRSCHEM

©

m .

Som

an TT
Et

Es wos nos nok
st

Linear Fit
In570ppm= 3.5233+0.01215 YRSCHEM

SummaryofFit
RSquare 0030399
RSquare Adj 0.10812

RootMean Square Error 0.846208
MeanofResponse: 342136

Observations (or Sum Wis) 9
AnalysisofVariance

Source OF  SumofSquates  MoeanSquare  FRatioModel 1 01571845 0.157185 02195Emor 7 50135469 0716221 ProboFCToul 8 51707315 06537
Parameter EstimatesTerm Estimate SWEmor tRato  Probs  Lower95%  Upper9sIntercept 3523219 0356247 989 <0001 4.365676 2.680883YRSCHEM 00121493 0025934 047 06537 0049176 00734743

001630



AppendixN
Page 14.

All Participants
Femalo EngineariLab

In PFOSA ppm By YRSCHEM

an

»

Zin .
= .an

an
SS mosow8wg

sow

Linear Fit
In PFOSAdfppm = -5.5285 + 0.007 YRSCHEM

‘Summary of Fit
RSquare 0.002879RSquare Adj 0.13957Root Mean Square Error 1.605932MeanofResponse 5.46983Observations (or Sum Wes) 9

Analysis of VarianceSource. OF SumofSquues  MeanSquare  FRatioModel 1 0052123 00212 00202Err 7 18053117 257902 ProboFCToul 8 18105239 08910
Parameter EstimatesTorn Estimate SdEmor  tRalo  Probsil  LowerSS% Upper 95%Intercept SSSI 0676012 818 <o00l 7127084 3979085YRSCHEM 00069962 004212 014 08910 010978 0.123366

001631



AppendixN
Page 15

All ParicipantsFamalo EnginoariLab
In M556 ppm By YRSCHEM

*

»

ge "

:

2 .

9 TT

0
CS wosowo8ms

so

Linear FitIn MS56dfppm = -5.0701 + 0.02647 YRSCHEM‘Summary of FitRSquire 0.119476RSquare Adj 0.00631Root Mean Square Error 0.886382Mean of Response 4.84505‘Observations (or Sum Wes) 9
Analysis of VarianceSource OF SumofSquares  MeanSquare  F RatioModel 1 07482412 0746241 09498Error 7 54997153 0785674 ProbsFCToul 3 62459565 0362
Parameter Estimates.Tom Estimate SGEmor  tRaio  Probsl  Lowsr9S%  Upper95%Intercept SOI 0312-1359 <000l 5952415 418738YRSCHEM 0026472 027162 097 03622 003757 0.090701

001632



Appendix 0
Page 1

Appendix O

Scatterplots (and regressions)offluorochemical levels of random sample:who worked were only in the film plant (n = 36) with years worked in film
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