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AGSTRACT

A cross-sectional study of 127 -~ala sorkers was conducted to
determine the prevalence of increased °C3 absorption as weil as the
cresence of cotentially related clinical and metabolic abnarmalitias.
Three exposure categories {“"exposed”, 'nominally exposed”, "non-ex-
posed”) were defined. Complete work histories, clinical histories,
physica! exams and lab tests were cbtained including PCB plasma lev-
el detarminations. In addition, PCB fat levels were determined in
a portion of each exposed aroup.

Findinas of dermatoxicity were observed and elevated PCB levels
more frequently noted in the.exgosed qroup {p<0.0001) correlating
well with age and duration of employment. These correlations were
stronqer for fat (0<0.001) than for plasma (0<0.01) PCB levels. In
the exposed group, a significant correlation was found between PCB
plasma and serum triglyceride (p<0.0001) and SGOT levels (p<0.01).
These correlations remained sianificant after contrglling for either
1ne or lenath of employment. No significant correlations were found
between PCB levels and cholesterol, HOL cholesterol or liver function
tests other than SGOT.

Further anaiyses relating frequency of reported direct contact with
PCB levels suqgested a dermal route of excasure. An analysis by union
affiliation demonstrated that crafts with areater direct exposure had

correspondingly higher elevations of PC3 lavels.
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JACKGRCUND

Polyc~larinatac bishenyls (PC8s) comprise a group of synthetic
cnlzrirated hydrocarhen corpounds with considerable industrial
utility tased on their resistance to oxidation and dielectric
prcoerties. They have been used world-wide in capacitors and
transformers and many other applications described elsewhere {I).
The contamination of the general environment as well as the work-
olace by 2C8s was appreciated only recently leading to the ban of
their continued manufacture uynder the Toxic Substances Control
ict of 1376 [?). This action was promoted by greater awareness of
ani~al *oxicity studias (3}, the stability and persistence of PCBs
in the anvironment, the tendency of PCBs to accumulate in human
tissues (2,5) and tha documented chronic toxicity of PCBs in humans
“91lowing accidental oral ingestion in the "Yusho" incicdent (6).

In soita of legislative and requlatory actions to chase out
+he usa of PC3s, solutions to croblems of effective discosal have
not baen forthcoming. [n 1377 Hecht (7) estimated that of the
1.25 billion ocounds producad in this country since the 133Cs,

733 =illiza sounds were still in usa and 450 millien zeunds had
fa.rnd their .;ay intp the general environment. A review {3) by
the Hatfomal Institute for Occupational Safety and Health ['I[QSH)
2f clinfecal and retabolic abnormalities in both environmenzally
and cccupationally exposad groups revealed inconsistent relation-

shins betwien tissue ?C3 levels and abnorrmal findings. 1 rore
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recent publication (%) suggests alterations of 1ipid metabolism
at PCB Jevels less than tRose usually reported in assaciation with
findings of clinical toxicity.

An opportunity to re-examine these relationships was recently
provided in a railroad passenger car and locomotive maintenance
facility at which some employees have been exposed to PCB-containing
transformer fluids {Pyranol, Inerteen, Askerel) for nearly 40 years.
Inasmuch as the cotential health hazards of PCBs were not apparent
until the past few years, the handling of transfarmer fluids at
this facility was on a casual basis with few or'no special handling
arocedures in affect for the greater part of this exposure period.
A change in mdnagement followed by the documentatfon of elevated
PCB levels fn the work environment in early 1979 provides the
impetus for developing more conservative handling procedures
as well as a —edical rcnitoring program which included the design
and execution of an 2pidemiologic study herein described. It
was the curncse of this study to determine the prevalence of in-
creased PCB absorotion arong exposed workers as well as the pre-
valence of findings compatible with PCB toxicity. In addition
two control groups were cdefined with either nominal or non-exposure
1qatnst which comparisons could be made. Lastly, through detailed
work histories, in attarpt was rade to detarmine those factors
_ most predictive of elevated PCB levels as well as to shed light

on the most zrobable route of exposure.

MONS 209590



YATERIALS AND “ETHOOS

One hundred and <.enty ~ale zmoloyess sarticipated in the study
iccording to the following exposure groucs:

Sroup { -- Exposed (86 subjects)

Group [l -- Nominally Exposed (15 subjects)

Group III -- Non-Exposed {19 subjects)

Subjects within each of these three aroups were randomly selected
by a computer program from the corresponding underlying populations.
Group [ subjects were defined as “axcosed” on the basis of their
frequent ooportunity for direct contact with PCB-containing trans-
former fluids in their assigred shoo areas. Group [ subjects

were defined as “nominally exposed" on the basis of their employ-
~ent at the sare facility but without the opoortunity {work assign-
Tant) characterizing Group [ subjects. Group [I] subjects were
12fired as “‘non-exposed” on tha -asis of tha absence of PC8.contatning
fluids in their work envircrment ind ware 2mployed 2lsewhere,

111 shrae greuss reside in the s2—2 1epgrathic region,

111 particinants ccmpleted a1 ‘ezafl2di unrk history cuestion-
~3ira in which rasks antailirg zetens 1] 2uzz:iire to PC3-containing
f1yids were characterizad and juantifiad. [-Formation related fo
Jsotantial exoosure o athar taxic suostincas '-as also obtained.
corplate medical nhistaries :nd shysical exi~imations were per-
farmed on all oarticipants. A corpcrabensiva battery of clinical

lahoratory tests were cerformed in the fasting state {12 hours)
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as outlinad in Tatle 1. Plasma 2C3 lavels were determined on
all subjects. [n zidition, 20 rar 20!y 33lected subjects

(36 in 3rauna I, 5 in Group Il and 3 in Group I1I) underwent
subcutanaous fat bicpsies upon which Fat PCB levels were deter-
mined. Analytical determinations for PC3s in heparinized human
plasma and fat specimens were perfarmed as specified by EPA
methads (10). In brief, hexane extraction was followed by speci-
fied silica gel and/or florisil clzanuo to remove pesticidas.
The isclatad PCB fraction was assaved by alectron capture aas
chrematcarasny according to ‘lebb/Mclall (11). All of the
Yaboratory zesting was performed by Professional Clinical Libor-
atories, Inc. in Wilmington, Delaware, This laboratory partici-
Jated in the Canter for [isease Control {COC) trial PCB testing
program concucted during the coursa of this study.

Studant's t-tasts were usad to Za-zars average values of
salectad variab!as arong the ithres ardups. Corralation betusgen
salectad varianzlas in arnuo [ was 133125324 using Pearson's
3frpla coarretation coerficients, and sartial correlation coevfi-
ziants 9 adiust Tar confoundinrg vaeriidiaz, The chi-square
arocedure .as used to test for asscciatinn in the contingency

tablas,
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RESULTS

Table 2 shows the ace distribution of the three arpuns.
The two exposed oroucs are older than the non-exnosed aroup.
The average age for the excosed aroup was 41.4 years: the
nominally exoosed aroup 37.2; and the non-exposed aroup 30.7.
The difference in average age between the exposed arouo and
the non-exposed aroup is statistically significant (p <0.05).
This aqe difference should be taken into consideration when
comoarisons between the aroups are made, since many of the
oarameters vary with age.

Table 3 presents the distribution of Tenath of emolovment
by exposure cateaory. The averaae lenaths of employment were
17 years, 3 years and 9 months, and 4 years and 3 months for
the exposed, nominally excosed, and non-exposed aroups, respec-
tively. The difference between the exoposed aroup and the
nominally exposed group or ﬁhe non-exposed aroup s hiahly
stanificant (p <0.0001). This was not surprising in view of the
traditionally stable crafts represented by the exposed aroup.

Peview of medical histories and physical findinas failed
to reveal findinags of oraan toxicity in the exoosed aroup
although several cases of chloracne were encountered in this
group with none beina found in the other aroups. Other derma-
tological findings were more orevalent in the exposed aroup
" as well, but no significant association between these and PC8

levels could be demonstrated within the orouo. Historically,
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there was & common reporting in Grouo [ of transient skin and
eyé irritation attributed to accidental s0ills in which there
was direct contact with PCB-containing fluids.

The averages of some selected biochemical parameters by
exposure category are shown in Table 4. There is no statisti-
cally significant difference amona the aroups in trialycerides,
cholesterol, HOL, SGOT, SGPT. For v-glutamyl transveptidase
{«GTP), the highest value, 37.1 IU/¢, was reported among the
exposed employees, the intermediate value, 34.1, amona the nomimally
exoosed, and the lowest value, 29.8, amona the non-exposed:
an indication of a trend by exposed cateqory. However, because
of the considerable variabilities in the measurement and the
relatively small sample sizes of both the nominally exposed and
the non-exposed arouns, these differences are not statistically
significant.

For PCB levels, the exposed group showed a clear elevation
when compared to either the nominally exposed or the non-exposed
aroups {Table 5). The averade plasma PCB level (33.4 opb)
of the exposed group was more than twice that of either the nomin-
ally exposed group (14.2 pob) or the non-exposed qrouo (12.0 opb).
The differences in plasma PCB level between the exsosed group
and the other two aroups are highly significant (p <0.C001),
but the difference between the nominally exposed and the non-exposed
-croup is not statistically significant. The discrepancy in

fat PCB level for the exposed aroup was 5.6 pom, more than three
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tjmes that of either the nominally exposed {1.4 pom) or the
non-exposed group (1.3 opm). Again the difference between
Group I (exposed) and either Group [{ (nominally exposed)

or Group [Il (non-exposed) is hiahly significant (p <0.0001),
but that between Group [[ and Group II[ is not significant.

{n an attempt to determine any association or correlation
between PCB exocosure and other variables in Group [, Pearson's
correlation coefficients were calcylated. Similar analyses
were not performed for Groups I[I or [[1 as the PCB levels
were well within the normal ranae {12,13) and the sample sizes
for these aroups were relatively small. Table 6 shows the
correlation coefficients and the corresponding p values for
selected biochemical narameters, length of employment and
age for the exposed group. Apart from the obvious expected
association between lenath of employment and age, significant
correlations were found between Tenoth of employment and plasma
PCB Tevel, as well as between lenath of employment and fat PCB
level. However, the correlation between length of employment
and fat PCB level (r = 0.54, p <0.001) was stronger than that
between length of employment and plasma PCB level (r = 0.27,

p <0.01). Similar significant correlations were observed
between age and olasma PCB as well as fat PCB levels. A
discussion on the possible confounding effect between ane and

Tength of employment is aiven below.
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- Also in Group [, statistically significant correlation was
demonstrated between slasra °(3 'avels and trialucerides
(r = 0.56, p <0.0001) but ot se-ueen fat PCB levels and tri-
glycerides. Plasma 28 levels were also significantiy corre-
lated with SGOT {r = 0.28, p -0.71) but not with SGPT ar .GTP.
Fat PCB levels were not sianificantly correlated with SGOT,
SGPT, or 4GTP.

Since many of the variables axamined in Table & are inter-
related, partial correlation coefficients, which take intg
azccount confounding factors, .vere calculated and are presented
in Table 7. The correlation tetwean slasma PCB 1eveis and
trialycerides remained highly significant even after adjusting
for either age or lenqgth of smployment {r = 0,54 and 0.55
respectively, p <0.091). On the other hand, there was no
significant correlation between fat PCB levels and triglycarides,
adjusting for age or length of a2mployment, Among the liver
function parameters, SGOT was found to remain significantly
correlated with plasma PCB levels even after adjusting for
age (r = 0.26, p <0.05).

To determine tha possible ralationship between the frequency
of direct contact with PCB-containing fluids and PCB levels,
all 120 subjects in tha study were asked uhether or not trey
ever had dfrect contact with such fluids and, if 352, t2 rezert

the frequency with wrich 2nis had sccurred. Table 3 snows the

MONS 209596



crosstabulation of plasma °C3 levels and recorted frequency

of direct contact. The fiagures clearly demonstrate a direct
relaticnsnip between the two parareters. Amgna those who
recortad no direct contact with PCB-containing fluids, 417

had PCB olasma levels less than or equal to 10 ppb, whereas
only 47 of those with frequent contacts had plasma PCB levels
in this range. On the other hand, only 3% of those who reported
no direct contact had plasma PCB levels greater than 30 ppb,
campared to 44% among those with frequent such contacts.

This association is highly significant {chi-sjuare = 28.83,

p <0.025). Table 9 demonstrates a similar relationship
baetween fat PCR levels and regorted frequency of direct contact.

As it was evident from the work histories that certain crafts
inherently orovided qreater opportunity than athers for direct con-
tact with PCB-containing fluids, an attempt was made to correlate
plasma PCB levels with union affiliation for those subjects em-
oloyed at the maintenance facility {(Groups I and II). The result
was highly sianificant (chi-sguare = 42.89, 0<0.001) and is pre-
sented in Table 10. Similar calculations were not performed for
fat PCB levels as the number of subjects with recorded levels was

too small to permit same.
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aIscussion

In this study Groups [ (excosed) and !I {nominally exposed)
consisted of male subjects employed at a railroad passencer
car and locomotive maintenance facility, whereas Group [I{ (nonm-
exposed) subjects were employed elsewhere. A1l subjects were
of the same sex, shared the same emnloyer, and lived in the same
geographic area. The greater length of employment noted in
Group [ subjects was attributed to the traditional stability
in the crafts represented by that group. These employees have
remained at the same facility for a mean duration of 17 years
with a range of a few months to 33 years.

Comparable occupational PCB exposure studies hava variously
shown findings of dermatotoxicity, hyperpigmentation and liver
function 2bnormalities but without consistent relationshiaos
to PCB Tevels when measured (8). The transient symptoms of skin
and eye irritation associated with acute exposures, as well as
the occasional finding of chloracne reported in this study, are
in keening with these other studfes. A racent comprehensive study
of capacitor manufacturing workers by Fischbein et al. (14) was
similarly notable for its relative absence of physical findings
outside of a high prevalence of dermatologic abnormalities in
spite of a mean plasma PCB level of 172 ppb {n=289). Even rore
recently 3aker et al. (9) reported no symptoms or physical findinas
of oroan toxicity in a different arouc of PCB exposed capacitor

workers whose mean plasma PCB Tevel was 75.1 opb (n=18).
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OISCUSSION

In this study Groups [ {exoosed) and IT (nominally exposed)
consisted of male subjects employed at a raiiroad passenger
car and locomotive maintenance facility, whereas Group 1] (nan-
eqused) subjects were employed elsewhere. All subjects were
of the same sex, shared the same employer, and lived in the same
geographic area. The greater Tength of employment noted in
Group I subjects was attributed to the traditional stability
in the crafts represented by that group. These emplovees have
remained at the same facility for a mean duration of 17 years
with a range of a few months to 40 years,

Comparable occupational PCB exposure studies have variously
shown findings of dermatotoxicity, hyperpigmentation and liver
function abnormalities but without consistent relationships
to PCB levels when measured (8). The transient symptoms of skin
and eye irritation associated with acute exposures, as well as
the occasional finding of chloracne reported in this study, are
in keeoing with these other studies. A recent comprehensive study
of capacitor manufacturing workers by Fischbein et al, (14) was
similarly notable for its relative absence of-physical findings
outside of a high prevalence of dermatologic abnormalities in
spite of a mean plasma PCB Tevel of 172 ppb (n=289). Even more
recently Baker et al. (9) reported no symptoms or physical findinas
of organ toxicity in a different aroup of PCB exposed capacitor

workers whose mean plasma PCB level was 75.1 ppb (n=18).
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{18) with structural similarities to PCBs. There have been less
tﬁan a handful of reocorts outside the Yusho incident describing
1ipid abnormalities in huran 2xposures to PCBs but these have sup-
norted the finding of elevated serum triglycerides (9). The addi-
tional finding of lowered HOL linonrotein levels in this latter
study was not confirmed by the current investigation.

Although no evidence of nvert hepatotoxicity was evident in
the exposed group, the association between plasma PCB levels and
SGOT was statistically significant, a finding which has been re-
cently reported by others (13). [t is temoting to incriminate the
liver as a target organ for PCB exposure responsible for both the
trialyceride and SCOT abnormalities as has been suagested in animal
studies {16), but this requires further testing of alternative hy-
potheses.

The demonstrated ralationship between PCB levels and reported
frequency of diract contrast with PCB-containing fludis suggests a
dermal route of exposure. As P(3s generally exhibit low vapor
pressures {13}, an airborne routa of exposure is not 1ikely unless
the PCB-containfng fluids are heated to a significant degree, There
is thus theoretical support for tha use of suits impervious to PCBs
in protecting the worker from fur<ther axposyre to PCBs and the po-
tential, yet still unkncwn, risis Far same.

Those crafts with known ¢fract exoosure to PCBs are at greater
" risks for PCB absorotion as has Sean shown earlier {Table 10). The

predominant crafts in this studv are represented by the following
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{18) with structural similarities to PCBs. There have been less
than a handful of reports outside the Yusho incident describing
Tipid abnormalities in human exposures to PCBs but these have sup-
ported the finding of elevated serum triglycerides (9). The addi-
tional finding of lowered HOL lipoprotein levels in this latter
study was not confirmed by the current investigation.

Although no evidence of overt hepatotoxicity was evident in
the exposed group, the association between plasma PCB levels and
SGOT was statistically significant, a finding which has been re-
cently reoorted by others (14). [t is tempting to incriminate the
Tiver as a target organ for PCB exoosure responsible for both the
triglyceride and SGOT abnormalities as has been suggested im animal
studies (16), but this requires further testing of alternative hy-
potheses.

The demonstrated relatfonship between PCB levels and reported
frequency of direct contrast with PCB-containing fludis suggests a
dermal route of exposure. AS PCBs generally exhibit Tow vapor
pressures (19), an airborne route of exposure is not likely unless
the PCB-containing fluids are heated to a significant degree. There
is thus thesoretical support for the use of suits impervious to PCBs
in protecting the worker from further exposure to PCBs and the po-
tential, yst sti11 unknown, risks for same.

Those crafts with known direct exposure to PCBs are at greater
risks for PCB absorption as has been shown earlier (Table 10). The

predominant crafts in this studv are represented by the following
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unions:
BMWE --
BRAC --
Je -~
IAM --
SMWIA -
IBEW --

Brotherhood of Maintenace of Way Employees
Brotherhood of Railway and Airline Clubs
Joint Council of Carmen

International Association of Machinists

Sheet Metal Workers Internatfonal Association

International Brotherhood of Electrical Workers

Analyses of this type provide a rational basis for the assignment

of protective equipment and the development of appropriate handling

procedures for PCB-containing fluids.
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-Table 1. - Laboratory Tests Jetermined in Study Subjects

Complete Blood Count
Urinalysis

Glucose

BUN

Uric Acid

Creatinine

Calcium

Phosphorous
Alkaline Phosphatase
Total Protein
Albumin

ilobulin

A/G Ratio

Total Bilirubin
SGPT

SGOT

LOH

y=Glutamyl Transpeptidase

Triglycerides
Cholesterol

HOL Cholesterol
LDL Cholesterol
VLOL Cholesterol

Phenotype
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Table 2. - Age Distribution of 120 Yorkers by PCB Exposure Category

Age Exposed
(ying) No. &%

15-19 1
20-24 14
25-29 7
30-34 5
35-39 7
40-44 6
45-49 2
50-54 11
55-59 17
60+ 6
Total (N) B6
Average

1.2
16.3
19.8

5.8

8.1

7.0

2.3
12.8
19.8

7.0
71.7

31.4

Nominally Exposed

Non-exposed

No. & No. %
0 0 2 10.5
1T 6.7 3 15.8
2 13.3 6 31.6
6 40.0 4 21.1
1 6.7 2 10.5
2 13.3 0 o
1 6.7 1 5.3
1 6.7 0 0
1 6.7 1 5.3
0 o0 0 0
1§ 12.5 19 15.8
37.2 30.7
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Table 3. - Distribution of Length of Employment of 120 Workers by
PCB Exposure Category.

Langth of Employment

(years}
<S
5- 9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
15+
Total (N)

Average

Exposed Nominally Exposed Non-Exposed
T T

No. No. “No. %
30 34.9 13 8s.7 17 89.5
20 23.3 1 6.7 1 5.3
4 4.7 0 0 0 0
0 0 1 6.7 0 0

0 0 0 0 0 0

3 3.5 0 0 0 0

3 3.5 0 0 0 0
19 22.1 0 0 1 5.3
6 7.0 0 0 0 0

1 1.2 0 0 0 0
36 71.7 15 12.5 19 15.8

17.0 3.8 4.3
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Table 4. - Averages of 3elected Biochemical Parameters in 120
Workers by PCB Exposure Category

Parameter Exposed Nominally Exposed Non-Exposed
Triglycerides (mg%) 135.8 128.7 145.5
Cholesterol (mg%) 231.7 238.3 238.2
HOL Cholesterol (mg%) 58.8 57.2 61.7
SGOT (Iu/e) 19.5 19.1 19.4
SGPT (1U/2) 21.7 21.6 21.3
yGTP (IU/t) 37.1 4.1 29.8
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Table 5. - Averages and Ranges of Plasma and Fat PCB Levels in
120 Workers by PCB Exposure Category.

Plasma PCB Levels {ppb*)

Average
Range

Fat PCB Levels {ppm**)

Average
Range

Exposed Nominally Exposed Non-Exposed

3.4 14.2 12.0
10-312 10-30 10-27
5.6 1.4 1.3
1.0-21.6 1.0-1.8 1.0-2.0

»

parts per billion
il

parts per million
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TabTe 5. - Averages and Ranges of Plasma and Fat PCB Levels in
120 Workers by PCB Exposure Category.

Exposed Nominally Exposed Non-Exposed
Plasma PCB Levels (ppb*)

Average 33.4 14,2 12.0

Range 10-312 10-30 10-27
Fat PCB Levels (ppm**)

Average 5.8 1.4 1.3

Range 1.0-21.6 1.0-1.8 1.0-2.0

k]

parts per billion
iy

parts per million
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TabTe 7. - Selected Partial Correlation Coefficients and Probabilities
for Selected Variables in 86 Workers Exposed to PCBs.

Variables Coefficient Probability

Plasma PCB Tevel and triglycerides
adjusting for age .54 <, 001

PTasma PC8 level and triglycerides
adjusting for Tength of employment .55 <.001

Fat PCB Tevel and triglycerides
adjusting for age .20 ns*

Fat PCB level and triglycerides
adjusting for length of employment .23 ns

Plasma PCB Tevel and SGOT
adjusting for age .26 <, 08

*ns = not significant
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Table 8. - Relationship Setween Plasma PCB Levels and Frequency
of Reported Oirect Contact with PCB-Containing Fluids

Hever
Frequency of
Reoorted Qarely
iract
Contact
Qccasionally
Frequently

Plasma PCB Levels (ppb)

<10 11-20 21-30 >31
16 . 17 5 1
(41%) (44%) (13%) (3%)
7 7 5 3
(30%) © (30%) (26%) {13%)
5 L9 9 10
{15%) (27%) (27%) (30%)
1 8 5 11
(4%) (32%) (20%) (44%)
29 a1 25 25

chi-square = 28.83, p <.005

39
100%
23
100%
33
100%

25
100%

120

*The figures in parentheses are row percentages.
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Table 9. - Relationship Setween Fat PCB Levels and Frequency
of Reported Oirect Contact with PCB-Containing Fluids

Fat PCB Levels (pom)

<l.§ 1.51-2.25 >2.26
8 2 1
_ Never (73%)" (18%) (9%)
Frgguenc! of
%5292322 Rarely 3 l §
Trect (42%) (8%) (50%)
Tontact : " 0
2 0 9
Frequently (18%) (0%) (82%)
20 4 26

chi-square = 13.06, p <.05

11
100%

12
100%

16
100%

11
100%

*The figures in parentheses are row percentages.
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Table 10. - Relationship Between Plasma PCB Levels and Union
Affiliation of Workers at Maintenance Facility

Plasma °CB lLevels (ppb)

<10 11-20  21-30  »31
5 2 2 0 9
BMWE (562)*|  (22%) (22%) (0%) 100%
2 1 1 0 3
BRAC 1 150wy | (25%) (25%) | (0%) 100%
4 2 0 1 7
MISC | (579 | (20w (0%) (14%) 100%
Union Jce 1 4 8 2 15
Affiliation ** (7%) (27%) (53%) (13%) 100%
- 4 15 7 7 13
(12%) (45%) (21%) (21%) 100%
0 » 2 3 7
SWMIA (0%) (29%) (29%) (33%) 100%
1 9 4 12 26
IBEW (%) | (35%) (15%) | (a8%) 100%
17 35 24 25 101

chi-square = 42.89, p<.001

* The fiqures in parentheses are row percentages.

#* Ses text.
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