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ANTWERP BLOOD TESTING RESULTS FROM JUNE, 1995

1. Purpose of the Blood Testing Program (BTP)
Blood testing for the presence of FC 95 lP;OS) and FC 143

exposure, Specifically, the following insights were
obtained throuah this program:

A. Individual measures of PFOS and PFOA. chemistry
profiles, blood counts, and oCCupational histories were
obtained on all participants. (Feedback to individuals has
alreadyv beepn done via independent cammunication. a sample

fluorochemical manufacturing facilitjes.
D. An examination was hade of the relationship of
fluorochemical blood levels to other laboratorv Parameters.

2. What wag done

This program consisted of a medical and work history
questionnaire {see attached), blood Chemistries {(lipid
levels, liver function tests, kidney function tests, blood
sugar, calcium), blood counts (hemoglobin, hematocrit. white
blood cell count, platelet count, differential counts), and
bloed levels of PFOA and PFOS.

In addition, for those workers who were felt to have the
potential for mOre exposure blood hormone levels (estradiol,
testosterone, LH, FSH, sex hormone binding alobulin,
cortisol, 17-hvadroxv progesterone, TSH) were

also done.

blood count tests on all participants, Hormones were
measured at the University of Minnesota Dept. of Laboratory
Medicine and Patholoav. Standardized hormone assav kits

were used: These kits were the same kits that have been -
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Paul. The method used in this determination consisted cf a
Standardized extraction technique developed bv Ylinen ecz.
al.(Arch. Environ. Contam. Toxicol. 14:713-717, 1985). Th:is
technicque uses tetrabutvlammonium to ion-pair with PFO and
PFOS in serum, and the ion-pairs are éxIracted with ethvl
acetate. The abstraction was then analvzed using high
performance liguid chromatocranhv-thermosprav mass
Spectrometrv. This technique has been found reliable in

previous testing.

Obtaining the medical and work history portion of this
effort was handled locally by Antwerp personnel, using the
plant phvsician to translate the questionnai

to Flemish. Emplovees essentially filled in questionnaires

with assistance from plant personnel.

3. Descriptive results

Means, minimum and maximum values are listed in Table 1 for
55 variables. This is a complete listing of variables for
which information was gathered. 93 individuals participated
in the Program. Their average age was 36 vears. The mean
PFOS value was 1.83 pom. The mean PFOA value was 1.13 ppm.
The highest PFOS value was 9.9 ppm while the highest Proa
value was 13.2 ppm. Comparison distributions for Cottage
Grove and Decatur plants is listed in Appendices 1 and 2.

Other mean values of interest included an average time
worked for 3IM of 11 vears, an average blood pressure of
125/78, an average of cigarette smoking of 15 vears, an
average of 9 drinks Per week, an average weight of 163 1lbs.
(74 Kq), an average height of § feet, 9.6 inches (176.7 cm),
and an average total cholesterol of 212 mgqs.

Hemoqglebin, white blood cell count, red blood cell count,
platelet count, liver function tests, and kidney function
tests all'revealed only sporadic values out of the normal

range.
Tables 2 and 3 indicate the relationship of PFOS and Proa

}evels (resnectivelv) to location of the emplovees: current
Jobs. As shown, the highest levels of PFOS were found in

Pui;d;na 16 revealed the highest proa mean (2.8 ppm for 13 -
individuals). Backaround levels for PFOA are around 0.5
bom in hon-exposed iobs.



lationship exists when we examined rhe lonages:
held 4ob. 1pn this case those people who had their longest
iob at building 3 had the hichest PFOS levels (4.45 pom for
Those who indicated that their longest held ich

This same re

14 individuals).

In temms of bersonal hvgiene and its effect on blood levels

of fluordchemicals. in the Antwerr workers there does not
appear to be any relationship. There was no significant
difference in PFOA or PFOS levels in those who washed their
hands frequently VS. those who washed infregquently,
Likewise, for those who laundered their work Clothes

Individuals indicated that thev had experienced the
following tvoes and numbers of diseases:

Hepatitis 2 or B, § individuals

Cancer, tvype unspecified, 1 individual

Abnormal liver tests, ¢ individuals

Prostatic hvnertronhv. 1l individua)

Osteoporosis, 1 individyal

Diabhetes mellitus, 1 individpal

Tables 42 and B are
associated with PFOA and ProS for the entire gqroup of

workers. This is a Preliminary Step in the assessment of
these chemicals to potential health broblems. (The Second
Step of this Drocess is to do multivariate statistical
analvses which will be forthcoming under separate Cover.)
However, ip aeneral, the simple Correlations are a good
rebresentation of what wil]l show up in the nultivariate
analvses, For the simple Correlations, there are three
values listed, the correlation coefficient (top), the p-
value (middle) angd the number of people in the analvsis
(bottom) . For a sionificant Statistical association in this
Setting, a P-value of less than .01 is considered
sianiticant. AS the tables indicate, there were no strong
associations with any of the blood test results, There are
weak associations (see below) ©f PFOA and alkaline
vhosohatase (a liver enzvme) as wel] as PFOS and Creatinine
(an indicator of kidnev function) . In the latter, the
relationship shows that with increasinq PFOS levels, kidney
function improves. The relationship is therefore of no

clinical consequence.



Tables 57 and B are correlation hatrices of variables

and PFOS for the group of workers who
were felt to have hore likely €xposures. Again., there are
few assocjations that are sionificant. Alkaline phosphatase
is not correlated wWith PFOA in this qroup, which should have
more exposure. Included in these tables are the hormone
values, some of which have been found to have associations
with PFOA in the animal literature. Again, there is no
i icated with anv of the hormone

weak relationships found

between PFoa and triglvcerides (corr. Coef.= 48, D=_0005) .

The siganificance of which is in Question, since this
1D has never apbeared in the medical or toxicoloagy

literature and is likely to be a chance finding.

4. Imoression

Overall, the Rean PFOA and PFOS values for Antwerp are lower
than Cottage Grove and Decatur. Also, the maximum values

are considerably lower than the other plants., My feeling is
that exposure in Antwerp is minimal ang Seems ;o be under

In terms of diseases present in current workers (which
represents an incomnlete ascertainment) there do not aopear
to be obvious broblems in excess. Neither are there

diseases bresent which would be of concern, Trelative to the

animal literature.

there are 9 individuals who have indicated SOome tvpe of
liver problem currently or in the past. This apvears to be
related to viral etiologies for the mosSt part. There were
no reletionshins of liver function abno:nalities and PFOA or
PFOS in the Simple correlations. This needs to be further
assessed in the multivariable analyses.

Likewise, there do not appear to be relationships of PFOA
and PFOS to any of the hormones Deasured.
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smoke. (This ig Qredter than the Smoking rates in Minnesota,
which run around 25%.) 32% of the Participantcs indicated
that they have more than 10 alcohol-containing drinks per

(range was 10-42 drinks per week). Smoking and
learly higher than in other Chemical

5, R.caun-ndationn

buildings 3 and 16, since these had

the highest levels of PFOA and PFOS. It would make less
i ldual hygiene, since the results were

fairly uniformly distributed over the 15 workers in this
But, this is an option. of concern would pe the
possibility of not only respirable eéxposure but also skin

exposure.

It would be helpful for the Plant to share this information
with the work Crews and to open UP the dialogue between
individual workers and the Plant Physician in this topic
matter. Additionally, it has been our Practice in the ps.

A repeat of this assessment should be undertaken
periodically. In the US. Plants, this assessment js
Performed eévery two years. 1t becomes more of an expected
work practice and facilitates future Communication with

have been described in animal Studies. 1t is used as a
mechanism tq further enhance opur ability to éxpediently find
about these issues, jif they do occur, Alternatively, this
would alse &ssist us in defending the company against false
cl + Although the Belgium regulations hay prohibit this,
Something Similar to this would be helpful there. This
should be explored in further detail. -



The multjvariate Statistical &nalvses need to be finalized
here before this Broject is complete. That should be takine
place over the next feow weeks. The additional analvses are
not expected to alter the above comments. This effort will
focus on the liver function tests, orimarilv. :

One final note. It should be mentioned that the blood
gathering and Shipping processes from Antwerp to Minnesota
occurred without a Single error. all tubes were collected
and analvzed here without a loss. Additionallv, it abpears
that the plant barticipation for this effort was the hichest
of anv of the fluorechemical €Xam programs in the recent
past. The people who helped with this effort in Antwerp
nheed to be conqratulated on a 4op well done.

Jeffrey H. Mandel, M.D., M.P.H.
Associate Medical Director

Jean Burris, R.N., O.H.N., M.P.H.
Project Co-ordinator

11/6/95
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October 20, 1995

TO:
FROM: Jeff Mandel, M. D., 3M Medical Department

Your blood tegt for fluorine this year hag been completed.
Two types of fluorine were measured. The first one
reflects FPC 143. Your measured level wag 2.000 ppm (parts

per million). The average for pecple at YOur plant was 1.s
The second results was for FC 85. vYour measured level

pPpm.

Was 4.200 ppm. The average for pecple at your plant was 1.9
ppm.

If your level Was greater than g Ppm, you should check

with ynrr supervisor Tegarding safe handling of these
chemicals.

We will continue to give you feedback about the

significance of the blooa levels, from & health
pPerspective. In the meantime, we’re recommending that all

employees with pPotential exposure to these compoundg use
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Appendix 1

Cottage Grove-l995, Antwerp-1995, and Decatur-1994

80% -
70%

60% -

S

50% -

hY

40% -

-sunwn"e

30% -§

LY

20% 4

L

10% 4

Fluorine Test Results

Distribution of FC95 Values at Three Locations:

0%

ST G e

v,
BTN

B b
Bty
R . - +

o ki
g o

(X3d

L ML IF o e T
[T
FCos
IM Medics) Departmen
Oclober 1993

LT Ad03 1539



Appendix 2

Distribution of FC143 Values at Three Locations:
1995, and Decatur—1994
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Anm;p 1995 Fluorochemijcq) Study

Mean Vajye Tabie |
Label ) N | Mesa | Misimam ] Maximam ]

| Age & Exam O 1% ey g | 60.0600

Years worked for Im | 93 ] 11.8290 ) 0.5000 ! 27.2000
[ Yes worked Bidg. 2" Warenouse { 9 | 6.8444 | 0.0000 ! 20.0000

Yrs worked Bldg 3 old pary ] 31 ] 49882 [ 00000 |~ 20.0000

Yr3 worked Bldg. 3 new part { 46 { 3.3696 i 0.0000 | 20.0000

Years worked fiuoraipoiymer { 10 { 4.6080 i 0.0300 { 11.0000

Yrs worked fluoral mill ] 9 ] 3.34356 [ 0.0300 ] 11,0000

Yrs worked mamntenance | 9 { 3.8422 { 0.0800 { 11.0000

Yrs worked administration | 13 ] 4.3769 I} 0.9000 | 9.0000

Yrs worked OC b 13 T 10.8077 T 1.0000 ] 21.0000

Yrs worked RAD iab 11 [ i0.1818 | 0.0000 | 200000

Yrs workedBidg. 16 ] 3.3086 [ 00700 | 19.0000

Y i current job { 90 | 8.6633 { 0.5000 ] 21.0000

Yrs in long held job { 25 { 9.1200 { 1.5000 { 21.0000

Y3 on long held non-3M job 9] 5.9035 | 0.2000 |~ 23.0000

“Age sunsd cigaranes f ) | 165660 |~ 13.0000 |~ 20.0000

Years smoked | T 154118 [ 0.0000 | 35.0000
Cigarenes per day pow I~ & 9.3529 0.0000 25.0000

AYE cigs per day Over entare trne seoked 52 14.2788 0.0000 30.0000

Age s20pped cigarenes 22 27.9091 20.0000 40.0000 .
Cigarenes per day 91 “4.3352 0.0000 25.0000

Age started drinking alcobo] [+] 1S3 1.0000 25.0000
Months ago stopped drinking alcobg 3 18.6000 0.0000 72.0000
Drinks/week when were gt T 113377 0.0000 50,0000
W N 9.2006 0.0000 42.0000
Drinks per day ] 1.2843 0.0000 6.0000

FC93 ) 1.5280 0.0000 9.9000
FC143 9 113231 0.0000 13.2000

Heigh 4] ‘Gwﬁpw I~ 759843

Weight 93 163.9583 119.0700 243.0000
 Body Mam Ipdex R D - % 17.9013 31.5617

| Systolic blood pressure B S T8 ey 10.0000 140.0000

Diastolic blood pressare 9B | Tievee 60,0000 100.0000
[ Alkaline Phosphatase 7] 742391 31,0000 121.0000

Cholestero] 92| Iy 100.0000 340.0000
“Crestine 2 0.8989 0.6000 1.6000
"Direct Bilirubis 2] 02133 W
"Gluose [7] 3123971 60.0000 126.0000

| GG Trans G Trams 92 40.2500 12.0000 254.0000

[ HDL Cholemerol ] 54.3904 31.0000 __97.0000

LDL Cholesieroi [7] 135.0387 28.5977 %3750 ]
SGOT (7] 439] 13.0000 96.0000
SGPT 2| amr 26.0000 120000 ]
Towl Bimubs 2 | oo 03000 2.9000

Tn 7] 114.5438 34.0000 €22.0000
@ 53 12042 4 ~12929.0000 12950.0000
. 93 46.6054 35.0000 312000

; ] T sam 11.8000 16.7000 ]

&Pﬂ!% 9B | Dten 132.0000 344.0000

Red Blood Cells [7) 4.8804 Tﬁ"oﬁ*‘% ~
mﬂe Blood Ceils 93 63677 3.3000 13.3000
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Antwerp 1995 Fluorochemical Study - Al Employees
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Antwerp 1995 l"lu’orochemlal Study - Aq1 Employees

BEST COPY AVAILABLE Corvelations

Table 4A )
] FC1437] FC95 |
AKPH 0.28123 0.10593 T «— Correlation coefficrent
Alkaline Phogphatase 0.0066 03149 | = p-vaiue
92 92 | « number of workers
BUN 0.08329 0.01263
] 0.4299 0.9050
| 52 92 |
| |
CHOL ] 026131 0.04017 |
Cholestero] ] 0.0119 0.7038 |
| 92 92 |
]
CREA 0.01595 032295
Creatine 0.8301 0.0017
92 92
DBIL -0.11343 011172
. Direct Bilirabin 02816 02890
92 92
; | GLUC 0.04287 <0.15576
Ghicose 0.6849 0.1382
2 92
~0.07419 0.043351
GG. Trans 0.482 0.6504
92 92
HDL -0.11313 021663
ADL - Cholesers 02830 0.0380
92 92
LDL 020594 0.07286
LDL-Cholesteroj 0.0489 0.450]
92 92
 SGOT ™ “0.07845 0.03180
SGOT 0.4573 0438
92 92
SGPT 0.06670 0.1083
SGPT 0.5276 0.9180 _
92 92 N
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Antwerp 1995 Fluorochemical Study — All Empioyees
tions

3EST COPY AVAILABLE Correls

Table 4B
{ FC1Q] FC9§ |
TBIL ] -0.08733 -0.10720 | « Correlanion coefhiciens
Total Bilirubmn 0.4078 03091 |« p-value
92 92 | « number of workers
™ 028934 0.10967
Triglycerides 0.0052 02980
| (7] 92
"HEMADATE 20.15918 -0.1435
Hemui_q_y_bm 0.1275 0.6865
] 93 93
]
HCT ] 0.03412 0.19450
Hematoerit 0.7475 0.0617
93 93
HGB 0.0544] 0.16213
- | Hemoglobin 0.6044 0.1204
93 93
MCH 0.15546 022622
0.1368 0.0292
93 ['£]
MCHC 0.06665 =0.07479
05255 04762
93 93
MCV 0.12296 025321
02403 0.0143
93 93
PLCT 0.07072 <0.11574
Platelet Count 0.5006 02692
93 93
| RBC <0.05784 0.00350
Red Blood Celis 05819 0.9734
93 93
WBC 0.0122¢ 024569
N
White Biood Cells 0.907] 0.0153 -
93 93
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with Hormope Testing

BEST COPY AVAILABLE = 15 mereemie sy e

eitea LT
Y Table 34 .
%
] FCIQ | FC9$
LH -0.08043 0.05385 | o Correlanion coefficrent
Luteiaﬂ' ing harmone 0.5787 0.7103 | p-value
50 50 | « number of worKers
FSH 0.28462 0.1741)
Foliicle umuiating hormone 0.0451 0.2266
50 50
PROLAC -0.18504 0.12919
Prolactn . 0.1923 0.3712
l 50 50
TSH 0.16716 0.16702
Thyroid Sumulating hormone 02459 0.2463
50 50 .
SHBG 0.08661 0.16548
Sex hormons Sindmg glctuln 0.5498 02393
- 50 S0
CORRIA 0.15447 0.10480
"Cortisol 02341 0.4689
50 50
DHEAS -0.11882 -0.18808
DHEA-S 04112 0.1909
50 50
HT -0.15958 0.10223
| Height 0.2683 0.4799
50 50
WT «0.10880 006913
Wm’ 0.4520 0.6299
50 50
BMI 0.00231 -0.17683
Body Mass Index 0.9873 0.2193
50 50
SYSTOL 0.07163 -0.0038)
3 liebbdm 0.6211 09516 -
50 50
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‘BEST COPY AVAILABLE

Correlations

Antwerp 1998 Fluorochemical Study - Males with Hormone Testing

Table SB
FC143 FC95
CIGS2 0.03924 0.09249 | Correlanion coeflicient
Cigarenes per day 0.7912 0.5318 | « p-vaiue
43 48 | « number of workers
“ALCSTRT ~0.07615 0.05571
Age suned drniung alchoho) regularty 0.6109 0.7099
47 47
ALCSTOP 02319 0.93560
Months ago Ropped dnnking sicobo! 0.7768 0.0644
4 4
ALCPWKP -0.10252 036027
Drinks/week when were drinking 0.5130 0.0176
43 %)
| ALCPWKNW -0.08056 0.18412
Draic/wask sow 05885 02154
47 7
AL -0.07409 0.19555
Drinks per day 0.6167 0.1639
43 43
ESTR 0.13310 0.00643
Estradiol 03389 ~0.9645
50 S0
TESTPC -0.08259 020916
% Free Testosterone 0.368S 0.1449
50 S0
TESTT 021561 0.11450
Testosterone (Tzﬁ 0.1326 0.4285
30 50
TESTF 026061 -0.05875
\
Testosterone {Free) - 0.0676 0.6353
50 $0
| HP17 0.13437 0.06093
{17-Hydroxybropesierane 0352 0.6742
50 S0
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