FROM @ PARKERSBURG LWOOD LIBRARY FAx NO. @ 384 420 4589 Mar, 2B Z0B3 11:43AM P2

LIVER STUDY OF WASHINGTON WORKS EMPLOYEES EXPOSED TO C-8;
RESULTS OF RLOOD BIOCHEMISTRY TESTING

WILLIAM E. FAYERWEATHER
JANUARY 15, 193]



26 2R3 11:43AM F3

FROM : PARKERSBURG WOOD LIBRARY FAX ND. : 384 429 4589 Mar.
. -1 -
Summary
| Dr. ¥. L. Power assembled biochemical data on some

recent Washington Works employees, Based on a crude analysis
of these data, the results suggested that certain vorkers with
potential ammonium perflusrooctancate (C~8) exposure might be
showing liver effects. Also, meveral unpublished animal studies
have shown that C-8 produces liver Samage when it it given at
moderate or high doses. As a consequence of these £indings, a
more detajled assessment of C~8's health effects in Washington
Works employees was undertaken.

pata from routine blood tests were collected and
compared among groups of Teflon® area and hon-Teflon® area
workers. &GOT, LDR, AP, &nd bilirubin were stuvdied, since
these tests are generally good for detecting liver disease.
Within the Teflon® area, C-8 exposure groups were defined by
work history and by blowd organic fluoride level.

These data provided no conclusive evidence of an
occupationally related health problem among workers exposed
to C-B8. Although initial analyses suggested that there might
be liver effects attributable to C~8 exposure, further analyses

did not support this position.

Backqround

! The Teflon® area consists of two divisions: the
Teflon® Polymers Divisiop and the Teflon® Copolymers Division.
The Teflon® Peolymers Divisicn produces tetrafluoroethylene
(IFE) and hexafluoropropylene (HFPF) monomers and Teflon® poly-
mers. These polymers are made by batch processes. Ammonium
perfluorooctancate (C-8) is a dispersing agent added to nearly
all of the polymer processes. The monomers do not contain

C"a-

The Teflon® Polymers Division makes three types of
pelymer products: fine powder, dispersion, and granular. More
C-8 {g used for digpersion than for fine powder products.
Granular products vee less C-8 than do dispersion producte.

Two continuons driers remove nearly all the C-8 from fine
exr, angd washling and drying processes remove essentially
all of the C-8 from granular products., Dispersion products

contain ropghly 0.3 percent C-£ based on solids.

The Teflon® Copolymere Division produrces four copeoly-

mers, all of which contain TPE. Three of these copolymers are
made by batch processes. The fourth, Tefzel®, is made by a
continuvous process. C-8 iz added as a dispersing agent for
2ll of the copolymers except Tefzel®. Fluorinated ethylene

( . bropylene (FEP), the major copolymer, makes up about 60 percent
of the copolymer produced. FEP econsicts of TPE and hexafluoro-
.prepylene {(HFP).
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The FEP polymerization process also generatesc an in
| city dispersing agent. In June, 1976 the plant began adding C-B
t EIspensing agent to increase the reaction rate. This change
reduced the amount of time needed for the process and also reduced
the amount of In situ dispersing agent that wac formed. Bowever.
some in situ dispexsing agent 35 5till formed in all FEP batches.

Ontil the FEP polymer reaches the humid heat treating
ovens, it contains in situ as well as C-8 dispersing agent.
FEP polymer is very dusty. So, in the processing steps between
the FEP polymerizers and the vvens, there ig significant poten~
tial for exposure to C-8 and in situ dispersing agents. FEP
dispersion products contain in situ dispersing agent and about
0.1 percent C-8 based on solids,

In situ dispersing mgent is not well characterized.
It is believed to be a mixture of hemologs of low molecular
weight TFE ~ HFP compounds, some with acid end groups. On a
weight basis it is less surface active than C-8.

Several unpublished animal toxicity stvdies done at 3M
Corporation and at Du Pont bhave found that moderate and high
dose levels of C-8 produced liver damage. Both reversible and
irreversible liver damage, elevated liver enzyme teste, and
enlarged livers were found. BStudy results depended on the dose
"level, exposure route, sex and species tested.

Dr. ¥. L. Power assembled biochemical data on some
current Washington Works employees who had had company physical
examinations in 1978. Based on a preliminary analysis of these
data, the results suggested that certsin workers with potential
C-8 exposuyre might be showing liver effects.

A: a conseguence of the previous animal studies of C-8
and of Dr. Power's prellminary findings, a wore detailed assess-
ment of C-8's health effects in Wachington Works emplayees was
undertaken.

Study Objective

The objective vap to determine whether occupational
exposure to C-8 adversely affects liver fupctions as measured
by blond levels of glutamic oxaloacetic transaminase (SGOT),
i;fiichehydrogenase {LDBE), =lkaline phosphatase (AP), and

.1irubin. :

Note: These blood tests are nejither 100% sensitjve nor )00%
specific for detecting liver digease. There are A number of
cifcumstances under which the test may give false positive or
false negative results. These circumstances are discussed at
the end of the paper under Liver function tests: limitations,
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Metrthods
¢ l. General design

Recent blood tect resulte for SGOT, AP, LDH, and
bilirubin were compared between C-8B exposed and non-exposed
workers at Washington Works. Te&t resuvlts were stufied by
specific Teflon® area job and by blood fluoride level.

2. Selection of study groups

The initial group consisted of 96 Washington Works
employees who were in one of the following Teflon® area jobs
ag of October, 1978:

® TFE procress operator
» FEP procets operator
® TFE spervice operator
e FEP gervice aperato?

e Laboratorian; monomer operator: Teflon® area
engineer, chemist, or foreman.

This grnu§ included 78 workers who had been tested earlier in
the year for blood fliunoride levels.

Only TFE/FEP process and service operators were con-
cidered to have had significant potential for exposure to C-8.
Moncmer coperators, semi-works laboratorians, and Teflon® area
foremen were kept as a separate comparisoh growp, since they
worked in the Teflon srea but had only limited C-B exposure
potential.

The number in this group was later dropped to £8,
since B workers had not worked in the Teflon® area prior to
their moet recent blood test. These B workers were added to

the non-exposed group (i.e., the control groupl.

- Por these B8 employees, J. P. Doughty gathered
detailed Teflon® area wprk histories from plant records and
from personal interviews. Work histories were copied to code
sheets (table 71}. ' -

3. E&election of a nonexposed control group

- The control group consisted of a 10% systematic cample
of all active Washington Works employees who, as of August, 1979,
had never worked in the Teflon®area. Mechanics and laboratorians

6. wvere excluded from the controls, since thefr exposure potentials
could not be well documented.
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The group was selected in the following manner:
Dr. Y. L. Power pulled every tenth record from the plant's
5 alphabetized medical files for active employees. These workers'
t nam¢s were then given to J. F. Doughty. From plant records and
through personal interviews, Doughty obtained these workers®
work histories. Workers who had worked in the Yeflon® area or
who had worked as mechanics or laboratorians were then dropped
from the l1ist, The remaining workers constituted the control
group. Eight- more wvorkerts were later transferred from the
exposed to the control group, because these B had had no poten—
tial C-B exposure prior to their most yecent blood test.

4. Biochemical blood tests

As a part of routine physical examinations, each
worker's blood is tested for 12 biochemiral markers. Thege 12

tests are called the EMA-I12,

From plant medical records, every SMA-12 on the
exposed and control workers was copied to code sheets (table
2). All §MA-12 tests had been performed by the same laboratory
and by the same methods. Very few SMA-12's had been done
before 1974-75. Every worker's most recent SMA-12 had been
done since 1977. Only tests pertaining to the liver were
studied. These included the SGOT, AP, LDH, and bilirubin.

5. Blood fluoride levels

Prior to this study, blood fluoride levele had been
measuvred on 78 of the plant's Teflon® area workers and on 25
Wilmington office workers. Blood fluoride measurements had
been made at Jackson Laboratory by the 3M (bomb) method. Most
of the workers tested at the plant had had potential C-8 expo-
sure. Liver function test results were analyzed according to
blood fluoride levels.

6. BStatistical methods

S5MA—12 results were studied by exposure status, by
specific Teflon® area job, and by blood fluoride decile.
Analyses were bated on (1) test means and (2) the proportion
falling into the highest liver functien tect decile. The
highest decile was defined as the range in which the top 10
percent of all control and exposed groups' test values lie.
On the average, then, one would expeet that 10 percent of the
control group's values would £all into this decile. Unless
stated otherwise, test values were from the worker's most
recent SMA-12.

Group differences in Biochemistry test means were studied by
analysie of covariance and least significant difference tests
, (LSD). fThis analysis adjusted for any group differences in age
(, or sex. The statistical significance of differences in propor-
tions was assessed by Picher's exact test. Two-tail tests were
performed, and p-values less than 0.10 were reported.
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. Regults
1 | 1. . Test validation

Dr. ¥. L. Power provided preliminary édata on the 5MA-12
results for 1978 (table 3), These data showed that the plant
population as a whole had an unusually large percentage of
elevated SGOT's. 5GOT’s were elevated in 19 percent of the
workers whereas elevations would only have been expected in
about 5% based on random statistical variation. AP, bilirubin,
and LDH tests showed plant-wide elevations in 8, &, and 3
percent of the workers, respectively.

The large, plant-wide elevations in SGOT’s suggested
one of two things. Either workers in many different areas werg
affected, or the plant's SGOT test was invalid,

Dr. Power took two steps to validate the SGOT test.
Pirst, he took blood samples from about 100 workers and sent
half of each blood sample to the standard laboratory (General
Consultante, Inc.) and the other half to an Upjobn Laboratory
to be tested. When the results of the standard laboratory were
plotted against the results of Dpjohn (Elgure 1), the two
laboratories were correlated. Bigh SGOT's at the standard
laboratory were high at Upjohn, and low S5GOT's at the standard
were lov at Upjohn.

However, at all SGOT levels the standard laboratory's value was
higher than Upjohn's. Purthermore, about Y6 percent of the
standard laboratory's values were "abnormal,® whereas none from
Upjohn fell in the "abnormal” range.

Dr. Power aleo had the standard laboratory vse a second
method {manual enzymatie) to reanalyze samples that showed
elevated SECOT e by the first method (automated colorimetric).

In the 22 retested samples, only one sample was found to be
elevated by the second method {(table §). When the results of
the first method were plotted against the second, the results
vere correlated (figure 2).

The interlaboratory and intermethod comparisons sug-
gested that o

s SGOT's measured at the standard laboratory by the
standard method were systematically higher than the

true blood levels.

® By the standard method the standard laboratory's
observed range for "normal® EGOT values was con-
siderably higher than the stated normal range.

('- ® Valid 5GOT level comparisons can be made between
- exposed and nonexposed groups, provided that test
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means or the proportion falling into the highest
test decile are vsed. ESince EGOT levels were
correlated between laboratories and between
methods, valid between-group comparisons are
possible.

2. Liver tests by job

TPE procecs workers' meah SGOT of 45 was higher than
the control group's mean of 39. FEP service and process
workers' mean AP's of 101 and 81, respectively, were higher
than the coptrol group's mean of 64, These differencec vere
statistically significant at the D.05 probability level (table
S5). Similarly, FEP process and FEP service workers had sig-
nificantly (p<0.05) larger proportions of the AP values falling
into the highest test decile (table 6). ' )

There were neo other significant differences between
Teflon® area workers and controls with respeet to SGOT, AP,
bjlirvbin, or LDH.

3. Liver tests by blood fluoride level

The mean SGOT. for the highest blood organie fluoride
8ecile was significantly higher than the mean for the lower
nine deciles (52 ve 40, respectively). However, when the data
were broken Sown inte individual organic fluoride deciles, the
data did not show a typical, steadily rising dose-response
curve {tables 7 and 8). In fact, the gecond and third highest
mean SGOT's were found in the f£irst and third deciles. It is
£till possible, however, that the high SGOT's seen in the
higheet decile are somehow related to these workers' organic
fluoride levels -~ the highest decile could be the effect/no
effect threshold.

AP, LDR, and bilirubin chowed no unusual elevations
when compared by organic fluoride decile. Likewise SGOT, AP,
?Dﬂ,land bilirubin chowed no relationship to imorganic fluoride

evels.

4. Blood fluvoride level by job

TFE process operators made up about one third of the
78 workezs tested for blood fluorides. But when the 16 workers
from the two top organie fluoride decfles were 1isted by
Teflon® area, 12 of the workerc had beem TFE process operators
at the time they were tested, Four others had worked as TFE
Process operaters within ¥ to 2 years prior to the time they
vere tested. The number of years of working with C-8 or of
working in the Teflon® area did not appear to be related to
organic fluoride level (table $). In fact, the third highest
Organic fluoride level was measured in a worker having less
than 3 years experience with ¢-B,

P8
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These data suggest that TFE process operators have
{ the highest potentia) for exposure, and that oply 3 years of
C-8 contact may be sufficient to elevate blood organic fluoride
levels. TFE process operators usually have more service than
TFE service operators.

Blood inorganic fluoride level and Teflon area assign-
ment appeared to be unrelated. The highest inorganic fluoride
levels occurred in TFE and FEP procests operatort, RONORer
operators, and semivorks laboratorians (table 10). Wilmington
office workers' blood fluoride ievels have been included for
comparison; their levels should represent the porm for workers
who are not eccupationally exposed to fluorides (table 11). :

5, Liver tests by job: differences between before and
after exposure

Very few workers had liver tests that were done before
and after exposure began. Since the workers having both before
and after tests may have been a select group, the results of
these comparisons should be treated with caution.

The before and after C-8 exposure comparisons weakly
suggest that FEP process and FEP service workers'® AP levels may
have risen following C-8 exposure (table 12). This result
supports the earlier observation that PRP workers'® most recent
AP levels were higher than the contrel mean. BRowever, these
two observations are not independent.

TFE process and TPE service operators showed no unusual
before and after differences with respect to SGOT, AP, LDH, or
bilirubin. The repult does not support the earlier observation
that SGOT was elevated in TFE process workers.

All "after"™ terts vere based on the worker's most
recent physical examination. For esposed workers, the "before"

tegts were baced on the worker's most recent physical examina-
tion prior to moving into the C-8 exposed job. In the contrel

group. the "before® tests were based on the worker's physical
examination immediately prior to his 1979 physical.

Discussion

pased on the data above, there is no conclusive evidence

:f gnaoceupationaﬂy related health problem among workers exposed
o U—-8.

Some of the SGOT data suggested that there might be
2 liver effect among certain C-8 exposed workers. The mean
. SGOT for the TFE process operators was significantly (p<0.05)
(-~ higher than the non-Teflon® area control mean, TFE process
Operators as a group had considerably higher organic fluoride
blood levels than other Teflon® area workers. Workers in the

highest organic flooride decile had a significantly bigher SGOT
mean than workers in the lower nine deciler. . e
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However, in other respects SGOT showed poor correlation
with organic fluoride level and with C-8 exposure.

e Teflon® area workers with little or no C-8
exposure had a mean SGOT that was hearly as
high as the TFE procecs operators’ mean. BSince
Teflon® area workers with little or no C-8 expo-

..sure also had the lowest blood organie fluoride
levels, their elevated SGOT could not realis-
tically be caused by C-8 exposure.

e Yorkers from the third lowest blood organic
fluoride decile had an BGOT mean that was
nearly as high as the top decile's mean.

Other puzzling findings were that neither AP, LDH,
nor bilirubin weans were elevated among TFE operators. If a
patient truly had a chemically irduced ljver diseace, one would
expect one or more of these other blood tests to be elevated.

Mean AP was significantly (p<06.05) higher among FEP
service and FEP process operstors. Yet none of the other blood
tests were elevated among these workers, and AP did not corre-
late with blood organic fluoride levels. .

It seems very unlikely that a single material would
raise only SGOT levels in one worker group and raise only AP
levels in another workexr group. More likely explanations for
the SGOT and AP eleveations are:

@ The elevations resulted from chance events and
were not causally related to €-8 expesure.

® Certain unmeasured confounding factors such as
alcohol consumption or drug use may have influ-
enced the blood test resultes.

It is also possible, however remote, that occupational exposures
to other toxic materials were responsible for the observed
elevatione. Por instance, acute and chronic exposure to
inorganie fluorides can produce osteomnlacia, a bone disease.

" This bone discase is often assaciated vith elevated levels of .
' serus AP, ' ' ! )

Liver function tests: limitations

Bilirubin, SGOT, AP, and LDH assess different eompo-

‘ments of a liver's health and function. Only serum bilirubin
is a true liver function test. 5GOT, AP, and LDE are actually
enzynes that are normally present at moderate levels in the
serum. They may attain higher levels after various types of

e : liver damage have occurred. SCOT and LDH leak out of danaged
liver cellz and inteo the blood stresm. Elevated AP levels,
on the other hand, appear to result from damaged liver cells
cynthesizing and releasing more esnzyme. |
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When ascessing positive apd negative test results,
seversal points should be kept in mind:

® The liver has a large functional reserve and a
great capacity to regenerate {tself after it has
been damaged. Btudies have shown that within about
a week after having remcoved over BD percent of a

.rat’e liver, one can find a liver of essentially
normal weight and function. Consequently, mild and
sometimes moderate liver injury often may not be
accurately reflected by changes in liver function
tests.

e Bome liver functions are much more sensitive to
injury than others., Thus, some liver functions
(and function tects) may show changes while others
do not.

e There is no one single test or procedure that
effectively meacures the total function of the

liver.

® There is no direct guaptitative correlation between
the anount of liver cell injury and the height of
serun enzyme levels. However, higher levels are
generally found with more severe injury.

¢ If the serum enzymes are measured sometime after
the acute insult or injury, the initial rise may
have been missed. Thus, normal or low serum
enzyne levels may be found as a conseguence of
a decreased functioning liver. cell mass. Simi-
larly, certain types of cirrhosis are associated
;1thlon1y slightly elevated or even normal SGOT
evels.

e SGOT, AP, ind LDE may be elevated from causes
other than liver damage. For instance, most of
the AP present in pormal serum is derived from
the bone. High levels of AP cceur in patiente
with bone dizeasers characterized by ostecblastic
. activity. %These include rickets, osteomalacia,
and healing fractures. Growing children and
pregnant women in the third trimester have elevated
serum AP levels,

SGOT and LDE may also be elevated in patiente
during episodes of acute myocardial infarction,
cardiac arrhythmias, congective heart failure,
pericarditis, and pulmonary infarction.

{ ® There are other enzyme tests that are more sensi-
tive to certain types of liver disease than are
SGOT, AP, and LDH. One of these is gammaglutamyl
transpeptidasre (GGT). This enzywe is elevated in
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the cerum of almost all patjents with hepatobiliary
disorders. It {5 the most sensitive test for
( alcobolie liver disease.

@ A liver test's gensitivity cen be defined ac the
ability to correctly identify persons who have
liver disease. Bpecificity can be defined as

~the abjlity to correctly identify persons who
do not have liver disease., Sensitivity and
specificity have not been adeguately studied
for liver function tests.

*while a laxge amount of information is available concerning
biochemical measures of acute hepatic $njury, we have limited
data about the effects of chronic lesions on the biochemical
tests and on the sensitivity of these tests in detecting chronic
injury or the sequelae of acute injury” (Guidelines for the
Detection of Hepatotoxicity Due to Drugs and Chemicals. NIH
Publication No. 79-313. Oct. 1979. pp. 33-34).

e Liver function tests are mest useful if they can
be used serially to assess health before, during,
and after exposure. Sco-called "abnormal® values
for one individual may be "normal®™ fof another.

Normal/abnormal dichotomy vs the continuous approach

The basis for classifying a liver test valve as normal
" or abnormal can be either functional or statistical. On a func-
tional basis, any value could be considered mnormal if there
were ho increased rvigk acsociated with it, On a statistical
bacis, a normal value could be any one that fell within the
linits in which X percent {e.q., 95%) of the population fell.

There 15 a major digadvantage to classifying continvous
measurements as normal or abnormal: it oversinplifies a com-

/ plex problem. Diseasce and health lie along a continuum. For
instance, feven within the central 95% of the total range of
blood pressures, there it a gradient such that persons at the
upper end are at a greater risk of‘sprOnary heart disease or
stroke than those at the lower end. ¥ A gimilar situation may
alsd hold for liver function tests. ‘Thus, analyses based on
group means most often-use the data more efficiently than
analyses based on the percent "abnormal®,

A possible theoretical advantage to the dichotomous
approach is that it might be more sensitive to "outliers”,
values on the high side of normal, than is an analysis of
means. Hovever, in animal toxicity studies practically all
statistical analyses of biochemical tests are based on means -

. rather than on-the proportion above or below a certain valve.

6' FPurthermore, the number of experimental ebservations needed to
detect a real effect ic conciderably less when the apalysis is
based on means than when it is based on proportions (all else
being equnal and assuming an underlying continuous variable}.
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TRELE 1:
C-8 STUDY CODE SHEET FOR WORK HISTORIES

Payclass (1 = wage, ¢ = salary):

Date hired (month/year): !/
Nane {last, first intitial, middle initial}:
Sex (1 = male, 2 = female)s _ Current C-8 exposure
(0= no; 1= yes):
Org. P =
85 - Incxg. P =
RBirth date (month/year): /

Present cr pest Teflen area joks or mechanic-type jobe (0 =noj 1 = yes)e :
Fotential present or past O-8 exposure (0 = po, 1 = yes)t
Nunker of jobs Yisted below (list all Teflon area and/or sechanic jobs):

c-8

Potential _ Date in  Date eut
{0-=rone; 1=same) Job_code m.fyr.)  (ro./yr.) Coments
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TABLE 2: C- STUDY CODE SHEET FOR MEDICAL HISTQRIES

Name {last, first initial, middle infrial}: |
S5 4: Birth data: Bex {l=male; 2=Eemale):

T "1 "3 4 8§ "6 71T @&7% EEIARIS
Current arette amoking status: 6 =~ non-smoker Payclass (1 = wagae; 2 = salary):
ol 1 =» less than )/2 pack a day
2= 1/2 to 1 pack a day Qurrent hypertensive atatua
3= 1 -2 packs a day . (1 = hyper.) 2 = nogpal):
4 = 2 or more packs a day ’ 28
5 = gmoker, NoO. Packs unkown Height: i
7 = uninown
8 = pipe/cigar heighk:

Exam; date / Blood pres. / SMA-12

o ¥x.  Dia. Bys. Cart  In. Glu. 80N Uric  Chol. T.P, Alb, BLJ, Alk. LDH SGOC Anti-hyperten
8.pP. B.P. Phoa. . Acid m. m {.’ Oor =
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TABLE
PERFURMED

Subject
1l
2
3
4
5
6
7
B
9

10
1
12
13
14
15
16
17
18
19
20
2
22

FROM : PARKERSBURG WOOD LIBRARY

Date

N2
11/14/79
11/26/79
11/27/19
12/10/719
12/10/79
12/10/79
12/10/79
12/10/19
12/10/79
12/11/79
12/11/79
12/11/719
12/11/719
12/1)1/19
12/12/79
12/18/19
12/20/18
12726719
127287713
12/31/1%
12/31/79

FRx NO. @ 384 4280 4569

Standard S¥A-12 (1)
5601 {normal = 10-50)

Mar. 26 2003 11:51AM PLE

4: SGUT RESULIS FROM ‘w0 DIFFERENT METIDS
AT THE SPME LABORATORY (GENERAL CONSULTANTS, INC.)

Alternate Method (2)
0T {normal = 0-27)

51%
60*
62*
s5e
54¢
55e
63*

8s*
73*

g2t
5
89*
60
5%

{1} Auvtomated colorimetric methnd
(2) Manual enzymatic method

*Abnormally high based on limits set by the laboratory

19
1?
o
18
21
14

E &

u
17

23

ORI

L, ]
F

Y8 & B



FROM @ PARKERSBURG WOOD LIBRARY FRx NO. @ 384 420 4589 Mar. 26 2003 11:51AM P17

TABLE 5: AGE AND pLoc iRy ®mans By ccoupariaaL crouptP?

crap B oae mm oa B um
Control (no '.l‘et'lon'( cl’Ed'llhic or BO 38 9 64 0.7 156
labxratory work) .
FEP process 13 49 37 81* 0.5 154
FEF service 3 37 4 101+ 0.6 146
TFE process -3 45 a5+ €4 0.5 158
TFE service L3 37 35 59 0.5 160
Moramer cperator, semi-works 2 47 8 69 . 0.7 151

latoratorian, foreman

{a} Based on most recent SMA-12 as of Octoter, 1979

(b) Based on job title at the time of the worker's most recent SMA-12

{c) Ten percent sample of current wage roll enmployees plus eight workers
currently exposed to O-B but who had never worked in Teflon® at the
tire of their mxst recent physicals.

* Significantly (p<0.05) higher than the control grosp after adjusting
(by amalysiz of covariance) for age.
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TABLE 6: BLOCD QHEMISTRY ‘27 BY DOCUPATIONL GROUP

FrAx N,

P 384 428 45E3

Mar. 26 2063 11:32AM

(),

PROPORTION OF TEST VALUES FALLING INTO THE HIGHEST DECILE

Croup

Control
{ro Teflon®, Inachanife,
or latoratory work)
FEP Process
FEP Service
IFE Prexess
1FE Service

Moromer operator, semi~works
laboratorian, foreman

{a} Based on mosit recent BMA-12 as of October, 1975.

Group Size

B R w B

N

Mean
Me .,

38

37

- 45

37

47

ion in Highest Decile

ST

0.10

0.08
0.0

f.20
0.04

6.23

a2
0.05
0.31*
0.67¢

0.12
0-12

0.14

Bili

0.18

0.0
0.0
0.08
0.0

0.18

(b) Based on job title at the time of the worker's most recent SMA-12.

(c] Ten percent sample of current wage roll employees plus eight workers
antently exposed to C-8 but vho had never worked in Teflan® at the

time of their most recent physimls.

* Significantly (p<0.05} higher than the control group by Pisher's exact

test (two tail),

s

0.10

0.08
D.o
0.12

0.16

0.09

P1HE
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TABLE 7: WORKERS GROUPED BY GRGANIC FLUORIDE DECILES -~ BIOCHEMISTRY TEST MEANS

o™ 0P Meando. of Mean No. of Yr5. hemn
Decile Croup Size Limits  Years in C-8 in Teflon _Me
1 &6 0.08-0.30 5 12 40
2 8 0.35-0.45 2 17 43
3 9 0.47-0.65 9 | 18 &7
4 7 0.70-1.17 5 7 41
5 R S1.714 .80 7 12 - 41
6 8 1.81-2.36 6 1l 40
7 B 2.33-3.5% 10 14 45
2 8 3.70-4.68 9 16 &
9 8 4.84-6.66 15 18 47
10 8 6.84-21.69 14 18 47

*Significantly (p<0.05) higher than the mean of the lower 9 deciles.

¥ean

Mar. 26 2003 11:52AM F13

wre sgo-sijusted by analysic of covoriance before compariscns were nade.

) o u organic fluworide

Mean Mean Mear
80T AP Bili LDH
46 €9 0.7 184
40 €7 0-7_ 131
4% . 67 0.6 166
34 3 0.5 161
40 mn 6.5 }&s
.35 - 68 0.6 154
kY 64 0.5 182
36 72 8.5 152
39 62 0.5 149
52¢ 63 0.5 169
The data



orF
ecile Group Sire

1

@ W D W DA WwN
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Significantly {p<0.06) higher than the lower 9 deciles by Fisher's exact teat (two tail).

¥ = organic flucride

TRELE §: WORKERS GROUPED BY CRGANIC FLUORIDE DECILES ~ PROPORTION OF TEST VALUES

OfF Linmits

FALLING INTO THE HIGHEST LIVER FUNCTION TEST DECILE

0.08- 0,30
.35~ 0.45
6.47- 0.69
0.70~ 1.17
1.11~ 1.80
1.1~ 2,20
2,33~ 3.55
.70~ 4.6¢
4.84~ 6.56
;5.&‘-21.69

Mean No. of
Years in Teflon®

12
17
18

7
12
11
14
16
18
18

¥ean

Age
40

49
47

47

Proportion in Higheat Decile

sor A B M
0.7 037 0.33 0.3
0.0 043 0,25 0.0
0.33 0.0 0.22  o.
0.0 0.14 0.0 0.14
0.0 0.25 0.3 0.3
0.0  0.35 0,13 0.3
0.0 0.13 0.3 0.3
0.0 0.0 0.0 0.0
0.13 0.0 0.25 0.0
0,38 0.13 0.3 0.3

DoWOdA

AnEHE T J00r DeindSeaHt4

"ON =44

£ASk ACk FEE

"B

EFd  WHEGITT £BBc 52
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TABLE 9: TEFLON AREA WORKERS WITH THE 16 HIGHEST ORGANIC FLOURIDE LEVELS

Age

Worker

A 50
B 59
(o} 36
D &0
E 53
F 48
G 42
H 35
1 49
J 53
K &
L 56
N 42
N 37

42
P 55

Years in C—B Years in Teflor®
zo's 23-‘
23'3 25.5

2,8 &1
23,2 3.9
4.0 2.3
23.4 23.4
2.6 4.8
13.4 4.6
21'1 23.9
20.3 20.3
16.1 17.2
24.5 26.5
14.8 12.5
5.6 13.6
1.8 20.4
3.2 2.2

Blood
Organic
Flouride
level Jaob
21.69 TFE process
. 20.81 TFE proeess
16.89 TFE process
14.38 TFE process
9.63 TFE process
8.89 TFE process
5.91 IFE process
6.84 TFE process
€.66 TFE process
till 10/78
-5.90 1ITE process
5.64 TFE process
till 13/77
5.61 TFE PIOCRES
5.29 ¥ process
till 5/77
4.97 T'E process
till 10/78
4.96 FEP process
4.84 IFE service
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TABLE 10: TEFLCN AREA WORKERS WI'TH THE 16 RIGHEST
BLOXD . ORGANIC FLUCRIDE LEVELS

Years in
Aje c-8
35 4.0
48 19.9
51 7.8
58 11.3
19 s
53 1.8
53 20.3
61 11.8
42 1.5
26 3.2
30 0.7
56 0.4
35 4.8
a4 3.1
as 4;3 _
51 2.6

Years in  Blod

Teflor®  Plworide L2

12.5
. 3.1
2.8
8.3
3.5
24.0
20.3
22.3
13.8
3.2
3.0
8.7
4.8
3.1
11.7

0.42

0.4

0.40
0.39
0.39
0.38
0.37
0.37
0.34

0.31 ..

0.29
0.28
0.27
0.26
0.25

0.24

Job

TFE process
TFE process
Moroner

FEP process
Semiworks laboratorian
Morcmmey

TFE process
FEP process
IFE provess
TFE service
TFE process
¥orower

IFE service
IFE servicm

TFE service
Semiworks laboratorian
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TARLE 11: TABULATION

o
BLOCD SAMPLES FROM WIIMINGTON
PERSONNEL (25 TOTAL}

Sample Total P Inorganic F Organic P
L Bee B pom (by difference)
&0 0.28 0.19 0.09
6 0.31 0.09 0.22
66 0.23 0.16 0.07
72 0.20 D.10 6.10
73 0.23 0.12 0.11
16 0.23 0.17 0.06
n 0.33 0.15 0.08
78 0.24 0.25 -0.01
79 0.30 0.24 0.06
80 0.19 0.14 0.05
Bl 0.21 0.15 0.06
22 C.18 0.27 -0.03
92 10.6 0 10.6
X} 0,18 .12 0.06

g 94 0.18 0.03 0.15
5 .49 0.11 0.38

96 0.25 0.05 0.20

97 0.18 0.16 0.02

1ol 0.286 0.16 0.10

102 0.30 0.6 0.14

103 0.26 0.10 0.16

107 0.31 0.22 0.09

109 n.u D'u 0-01

11 .13 0.35 0.78

*Valms cbtained 3/15/19. Fesanple and recheck of this person's blood
on 6/13/79 showed the following:
Recheck 492

Total F Irorganic P Qrganic F

¢ 0.33 0.09 0.2¢
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TAHLE 12: MEAN DIFFERENCES IN SCOT AND AP RESULTS WM THE FIRST TEST 15
- BEFORE (! méﬁ-ﬂmnmmmm
15 arTER P} pyrosme (F)

Group G:_‘;_z ' (@ soortd)
Control 45 - 3.3 - 4.7
FEP process operator 3 + 11.7 - 4.0
FEP service operator 2 + 8.0 + 7.5
TFE proxess operator 2 - 3.0 - 11.5
TFE service operator Kj

- o-‘ * - 8-1

LS

() sost recent 24-12 prior t starting -8 exposire b

®) post recent (primarily 1979) SA-12

(=) ¢-8 exposures ranged fran 5 sonths to five years betueen tests
19 gecornt test minus first test
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STANDARD LABORATORY SCOT
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-

SGOT LEVEL BY ALTERNATE METHOD AT STANDARD LAB
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