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1. INTRODUCTION

Between 1975 and 1976, General Electric Company initiated both a
continuing industrial hygiene survey to determine the actual PCB levels
at a number of points in and arcund its Hudson f‘alls and Fort Edward
capacitor plants, and a medical study of some of the employees at those
plants (initially, 194 persons) believed to be among the employees most
heavily exposed to PCBs. The scope of both the industrial hygiene and
medical surveillance programs was enlarged in 1979 to provide data required
for more elaborate analyses. |

This report responds to requests for '-,reliminary data and dqcsmntatioﬁ
on the two programs. The 13 areas of scientific concern are described in
individual sections, as cpposed to grouping corresponding elements: of
each area under broader categories (methods, results, conclusions, etc.)

appropriate for a final report. Information contained herein is subject

to change and/or qualification.

2. Descriptions of Plants, Products, Processes and PCBs Used

The use of polychlorinated biphenyls (originally, pentachlorobiphenyl)
in ordinary foil-and-paper capacitors was initiated by General Electric
in 1930. PC8s soon superseded previously used dielectric fluids in all
but a few specialty applications. From 1946 through 1977, all General
Electric manufacture of PCB capacitors was carried out in eastern upstate
New York in its Hudscon Falls and Fort Edward plants.

The major manufacturing cperations used at the Hudson Falls and Fort
Edward plants are listed in Table 2-1. Of these operations, only three -
prefiltering of the impregnant, impregnation and sealing of the capacitors

merit further description at this time,

11.2241



10.

11,
12.

‘Capacitor component washing

TABLE 2-1

MANUFACTURING OPERATIONS ASSOCIATED WITH o
CAPACITOR PRODUCTION AT HUDSON FALLS AND FORT EDWARD PLANTS

f ]
Operation 4

Rolling of aluminum ingots into sheets
which are subsequently employed as
capacitor plates and cans

Fabrication of capacitor plates,
brack:ts and cans from sheet aluminum
and ste.l

a. Ulitrasonic cieaning
b. Vapor degrcasing

Rolling of capacitor plates with
spacer paper

Assembly of capacitor components

Vacuum drying of capacitor prior to
impregnation with o0il: i

Prefiltering of impregnant

Impregnation of the capacitors with
any of various oils (including PCB,
DOP, mineral oil, castor o0il)

a. Vacuum flood £fill
b. Individual vacuum £ill

Cleaning of the extecriors of the
filled capacitors

a. Detcrgent water wash

b. Vapor aegreasing
Pretrcatment of the exteriors of the.
filled capacitors prior to painting

a. Iron phosphate or fluoridc wash
b. Vapor degreasing

Hudson = Fort
Falls Edward
Plant _Plant

¥

Painting of the exteriors of the capacitors X X

Packaging storing and shipping of the
finished product

11.2242



"Prefiltering of impregnant” was an operation performed upon all
dielectric fluids used in 'the plant, including both new and recycled PCBs,
It consisted of percolating the fluid through a bed of Florida c'lay
(fuller's earth) for the removal of polar impurities, which would contribute
to dielectric loss if present. An additional benefit, unrecognized at
the time, was that such treatment may have reduced the levels of
polychlorinated dibenzofurans (PCDFs), if present, as contaminants in the

*Impregnation of the capacitors” consisted of admitting wirm dielectric
fluid to the vacuum-dried capacitor under vacuum,, to enable compler=
fillingl cof the entire structure (no air bubbles). Impregnation procedures
varied with capacitor size. lLarge capacitors (those :equiring up to
several gallons of dielectric fluid) were originally filled manually
through ports in their tops, an operaticn that ré’sulted in spillage and
dermal contact.  In the mid-1960's this was decreased considerably when
an automated manifolded f£illing system, under electronic control, was
developed. Small capacitors (which typicaiiy require only a few milliliters
of dielectric fluid) were impregnated by flooding with the dielectric
£luid under vacuum in large ovens.

Following impregnation, the racks of warm, wet, small capacitors were
transported on dollys by "movemen” to the "sealing"” station where the
filling ports were soldered shut. They were then tai:en to a washing
station for the removal of the fluid fram their outer surfaces.

The salvage and repair of large capacitors that did not meet test
specifications, an operation not included in Table 2-1, involved drilling
for drainage of the PCB, milling off the cover seal, and manually rembving

and repairing the wet coamponents.
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As a result of volatilization, condensation, dripping and spillage,
the capacitor impregnation, sealing and salvage operations created local
envircnments where significant portions of all exposed surfaces were wet
with PCBs, and where air levels in the immediate vicinity of such surfaces
could become saturated with PCB vapor. There were considerable opportunities
éf_cr both dermal and respiratory uptake among individuals performing jobs
related to these manulacturing cperntions, and also opportunities for
respiratery thake ariong those working at other operations that happened
to be located nearby in the plant. Pnysical lay-odts of the plants
changed repeatedly, and records of many of the lay-outs are unavailable.
Thus, it is not possible to identify other manufacturing operations which
might have resulted in unusually high exposures to PCBs because of physical
proximity to the impregnation, sealing or salvage activities.

Table 2-2 presents the available information on the composition of
dielectric fluids used at the Hudson Falls - »Fort Edward plants. The
initial (1940's) production of PCB capacitors used Aroclor 1254, a
cammercial mixture of chlorinated biphenyl homologs and isomers having
the average molecular composition of a pentachlorcbiphenyl. In the
1950's, Aroclor 1254 was replaced in most capacitor lines by Arcoclor 1242
(a chlorinated biphenyl mixture having the average composition of a
trichlorocbiphenyl). 1In 1971, Arocler 1242 was replaced by Aroclor 1016,

a material that also had the average composition of a trichlorobiphenyl,
but which had been redistilled to remove all homologs containing more

than four chlorines per biphenyl. On June 30, 1977, all PCB usage ceased.
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TABLE 2-2. Available Data on Usage of PCB-Based Dielectric Fluids in
Hudson Falls (HF) and Ft. Edward (FE) Plants and Temperatures of Exposure
to Plant Environment.

Pyranol %t of
Year Plant Grade Production Composition (see Key)
1946 FE 1476 95 100% 1254
1436 4 75% 1254, 25% TCB, 1% BCA
1481 1 75% 1254, 25% TCB
1850, FE 1499 80 100% 1242
1476 15 100% 1254
1436 4 75% 1254, 25% TCB, 1% BCA
, . 1481 1 75% 1254, 25% TCB
1952 HF 1476 . 85 100% 1254 .
1436 4 » 75% 1254, 25% TCB, 1% BRCA
1481 ' 1l 75% 1254, 25% TCB
1953 HF - 1499 25 100% 1242
1476 70 100% 1254
1436 4 . 75% 1254, ete.
1481 1 75% 1254, etc.
1955 HF,FE 1499 95 100% 1242
1436 5 75% 1254, etc.
1956~59 - Unconfirmed report of switch back to 1254
1964 KF ,FE PII 99 100% 1242, 0.35% 4206
1436 1 . 75% 1254, etc. i
1965 ~ HF,FE PII 99 ) . 99% 1242, 0.7% 4221
1436 1 75% 1254, etc.
1971 HF,FE PII 99 89% 1016
1436 1l 75% 1254, etc.
1975 - Report of reintroduction of 0.7% 4221
1876 - Displacement of 1016 by DEHP commenced
1977 BF, FE PII 25% 99% 1016, 0.7% 4221
1877 - June 30 - All PCB usage discontinued

Temperatures at Which Wet Units Exposed to Air

Aroclor l125%4-based fluids, FE, 90-95°C
" " " " BF, 45-60°C
Aroclor 1242 or 1016 fluids, FE, 65-70°C
" " " " HF, 45-60°C

Key: 1254, Monsanto Aroclor 1254, pentachlorobiphenyl mixture. 1242,
Monsanto Aroclor 1242, trichlorobiphenyl mixture. 11016, Monsanto
Aroclor 1016, trichlorcbiphenyl mixture redistilled to remove penta-
and higher chlorobiphenyls. TCB, trichlorobenzene mixture. BCA,
betachlorcanthraguinone. 4206, Union Carbide epoxide 4206, 4-vinyl-
cyclohexene diepoxide. 4221, Union Carbide epoxide 4221,
3,4-epoxy-6-methylcyclohexylmethyl 3,4-epoxy-6-methylcyclohexane
carboxylate. DERP, di(2-ethylhexyl) phthalate.

Data courtesy of Earl Dunham, GFE Capacitor Products Dept.
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Table‘ 2-2 indicates that the mixtures put into the capacitors contained
about 0.5% of epoxide stabilizers and saxaet:’me§ trichlorobenzene as well.
Stabilizer 4206 was abandoned in favor of 4221 because of some cases of
contact dermatitis, the cause of which was identified by State health
officials. In additién, there were opportunities for exposure to dusts,
.0ils, solvents and heavy metals at certain zones in the plants.

Available analytical data inc cate that ¥CDFs were present only at
toxicologically insignificant levels (0-2 ppm) in specimeris of Arcclor
1254, 1242 and 1016 manufactured in the 1970's. It is not presently
known what levels may have been present in specimens made during earlier
pericds, nor to what extent such levels may have been reduced by the
"prefiltering” cperation. To resolve these questions, datable GE capacitors
manufactured over the entire 1946~-1977 periocd are being collected and
will be analyzed for PCDFs as soon as the necessary instrumentation

kecomes cperaticnal.

3. PCB Air levels in Plant and Surrounding Areas

In order to determine levels of PCBs in the air within and around the
plant, air samples were collected by various General Electric industrial
hygienists in 1975, 1977, 1978 and 1980; by NIOSHE in 1977; and by the
State of New York between 1976 and 1980. The initial Company samplings
used toluene and hexane as collection media; all subsequent samplings
used florisil. The NICSH investigators collected both personal and area
air samples; all of the other investigators collected area samples only.
In most cases, the PCBs recovered from the collection media were injected
directly into a gas chromatograph, and PCB levels determined by comparing
gas chromatographic peak heights with those of an Aroclor 1242 standard.
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However, in the Company's 1980 study .two alternatives were also examined:
use of an Aroclor 1016 standard and perchlorination of the removed PCB
mixture, followed by gas chromatographic guantitation as the single
species decachlorobiphenyl. Most of the observations reported by these
various surveys of PCB air levels are listed in Tables 3-1 through 3-12,
or indicated by the individual data points on Figure 3~1 (below).

As is characteristic of environmental sampling data, considerable
variations in point-to-point PCB leveis were observed within the plant,
and also considerable variations between successive measurements made at
the same point at different tihes, the latter being particularly marked:
for the PCB measurements made in the surrounding community. (Tables 3-9,
3-10, 3-11, 3-12 and Fig. 3-1). Such data is freguently found to be log-
normally distributed, however; and this was observed to be the case for
. the>PCB sampling data as well. Figure 3-2 shows the total data from
Tables 3-1, 3-2, 3-3, 3-8 and 3-9 (upper half) plotted as log (PCBs)
versus percentile ranking on probability paper, demonstrating the linear
relationships expected for log-normally distributed data. Similar
relationships were also cbserved for the other data sets as well (plots
not shown.) &As a result, it was possible to summarize the information
contained in these data sets in terms of gecmetric means (equivalent to
medians) and log (standard deviation). Such summary data, along with the
somewhat less informative data on arithmetic means and coefficients of
variation, are given for the various GE in-plant sampling studies in
Table 3-13, and for the NICSH in-plant sampling in Table 3-14. The
overall £rends in geometric mean PCB levels within the two plants, and at

the State monitoring station (on the top of the Washington County Office

11.2247
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TABLE 3-1

CONCENTRATION OF POLYCHLORINATED BIPHENYL FOUND AT
GENERAL ELECTRIC-CPD-NUDSON FALLS - 10/23-24/75

8%2C°11

ARGA AIR SAMPLES Collection Media: Nana Grade Toluene

\ CONCENTRATION ‘ CONCENTRATION
STATIONS pg/m? | STATIONS ug/m?
Manifold Fill 480 ) Repair Area . 1160
(Oper Position) (Keld or Solder Closure)
Manifold Fill Heat Sink
(Solder Closure) 1040 (Normal Oper) 660
Manifold Fill Heat Sink
(Test & Leak Repair) 260 (Leaker) 832
Treat Tank Tub Building 9-2
(Unloading) 911 (Salvage!Drrin) 390
Treat Tank Tub 205 Building 9-2 830
(Closure) (Salvage Dis § Reassemble)
Repair Area Building 10
(Mil1 Oper) 609 (Inst Lab - 2nd Floor) 644
Repair Area Building 10
(Mi11 Oper Drain) 1060 (Office Area) 260 7
Repair Area 680

(Controlled Envir. Room)

Saﬁple buration: 90 - 400 nin.

. Sample Volume: ~ 29 - 110 liters
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STATIONS

Carousel K2

_(Oper Pos.)

Carousel #2
(Tile)

Carousel 12
(Bldg. 23 Conv.)

Carousel #2
(El. Cage at Rear)

Carousel #2
(Solder Station)

Carouse] #2

(Solder Station Left)

Carousel 12
(Washer Ent.)

CEB Crimp Station
(Right)

TABLE 3-2

CONCENTRATION OF POLYCHLORINATED BIPHENYL FOUND AT
GENERAL ELECTRIC-CPD-FT. EDWARD - 10/23-25/75

AREA AIR SAMPLES

CONCENTRATION
ug/m?

548

586

360

450

675

523

611

1560

“"Collection Media: Nana Grade Toluene

STATIONS

CEB Crimp Station
(Left)

CED
(Washer Ent.)

CEB
(Accumulation)

Mid Room Treat
Refinery Room

Carousel #1
(Oper. Pos.)

Carousel #1
(Tilt)

[

Sample Duration:
Sanple Volume:

e

........

CONCENTRATION
ug/m’

954

795

1590

408

500

1920

2000

60 ~ 385 min.
97 liters

0T
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TABLE 3-3

N S

. CONCENTRATION OF POLYCHLORINATED BIPHENYL FOUND AT
GENERAL ELECTRIC-CPD-HUDSON FALLS/FT. EDWARD - 4/27/77

AREA SAMPLES Collection Media: NanaGrade liexone
FT. EDWARD ‘ HUDSON FALLS
CONCENTRATION , ' CONCENTRATION
STATION ug/m’ STATION ug/m’
Carousel #2 ~Manifold Fill
(Oper. Pos) 310 (Leak § Repair) 576
Carousel #2 . Manifold Fill
(Solder Seal 263 (Oper Pos) : 273
Carousel #2 Manifold Fill
(Washer Ent) 330 " (Solder Closure) . 582
Carousel #2 Repair Area
(Collection Area) 496 (Mill Oper) 251
Carousel ¥2 Repair Area
(Auto Trait) 178 . (Drain) 369
Refinery Room 172 Repalr Area 230
(Weld apd S~lder Closure)
Carousel #1 ' Heat Sink
(Oper Pos) a17 (Leaker) a
Carousel #1 ' Building 9.2
(Tile) A 365 (Salvage and Reassemble) 260

Sample Duration: 74 -~ 416 win
Sample Volume: 37 - 244 liters
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TAotE 3-4

NIOSH SITE AUDIT

CONCENTRATIONS OF POLYCHLORINATED BIPHENYLS FOUND AT THE
GENERAL ELECTRIC FACILITY IN HUDSON FALLS, NEW YORK, ON APRIL 27-28, 1977

PERSONAL AIR SAMPLES

Collecting Media: Florisil
Total |
Sampling Total
' Time Volume Concontration
Job Title Date (min.) (liters) pg/m®
Treat Operator 4/27 427 82.3 S5
" " 4/28 304 56.2 81
Treat Helper 4/27 426 67. 75
w " 4/28 441 95.1 84
Recovery & Repair 4/27 422 84.5 281
" " 4/28 418 80.9 316
Repair § Seal 4/27 119+ 23.8 201
" " 4/28 254+ 50.9 136
EMF Operator 4727 431 65.3 115
w o 4/28 176* 35.2 171
Repair 4/27 422 89.0 50
Salvage Operator 4/28 426 31.0 155

*Based on known sample volume and approximate flow rate

Source!
M. Jones

R XK

NIOSH Audit
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TABLE 3-5

HUDSON FALLS - 4/27-28/71

AREA AIR SAMPLES

NIOSHt SITE AUDIT Collecting Media: Florisil
Total
Sampling Total

Tinmo Volume Concentration
Location Date (min.) (1iters) ug/n’
Winding 4/27 195¢ 38.9 43
" 4/28 420 62.9 3
Test § Paint 4/27 423 75.1 ‘ 52
" " 4/28 417 84.7 ' ‘30
Assembly 4/27 426 84.1 33
" 4/28 ' 425 86.2 24
Shipping 4/27 426 ) 82.7 16
Storage a/28 A 85.2 14

SOURCE: NIOSH Audit
M. Jones

€T
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TABLE 3-6
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CONCENTRATIONS OF POLYCHLORIWATED BIPHENYS FOUNL: AT THE
GENERAL ELECTRIC FACILTY IN FT. EDWARD, NEW YORY ON APl 27-28, 1977

PERSONAL AIR SAMPLES

€SCC°TT

" NIOSH SITE AUDIT Collecting Media: Florisil
Total . .
Sampling Total
, Time Volume Concentration

Job Title Date (min.) {liters) ug/m’
Treat Operator 4/27 414 " 100.4 116
" " 4/28 431 28.1 203
Maintenance 4/27 404 82.7 150
Tester 4/28 440 63.8 264
" 4/27 427 B3.6 226
" . 4/27 423 83.5 161
Packer 4/28 434 57.1 256
" 4/27 428 81.9 166

" 4/27 425 69.3 175
Rework § Final Assem. a/21 an . 94.3 130
" " " 4/27 413 . 79.5 174
Rework Packer 4/28 4315 60.9 132
Rework Tester 4/28 433 53.1 140
Rework § Tester Solder|  4/28 2] 38.7 | 241
Moveman 4/28 439 56.6 303

(Testing § Solderlng”

" " 4/27 415 B4.7 173

" " 4/28 452 ‘ 24.5 183
Moveman (Sealing) 4/28 432 © 24,3 396
" 4/27 257 ' 51.5 o 389

SOURCE: NIOSH Audit
M. Jones . !

4
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FT. EDWARD - 4/27-28/77

AREA AIR SAMPLES

K

NIOSH STTE AUDIT ' _ Collecting Media: Florisil
Total
Sampling Total
Time Volume Concentration
Location Date (min.) (liters) ug/m?
Final Assembly 4/28 423 83.9 111
" " 4/28 410* 82.0 . 134
" " 4/27 404 82.2 119
Soldering 4/28 398 58.2 392 <
" 4/27 k1.2] 53.9 564 »
Winding 4/28 441 83.8 54
» 4/27 387 75.1 53
Shipping 4/28 428 61.6 101
" 428 410 81.1 9
Can Mfg. 4/28 437 78.7 36
won 4/217 399 ’ ' 82.3 67
Cover Mfg. aj28 442 72.6 62
" " 4/27 392 75.1 25

PSCZ°TT

SOURCE: NIOSH Audit
M. Jones
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Collection Media:

TABLE 3-8

RESIDUAL ATRBORNE CONCENTRATIONS OF

POLYCIILORTNATED BIPHENYLS FOUND AT THE
GENERAL ELECTRIC FACILITY - HUDSON FALLS, N.Y.

AIRBORNE PCB

Florisil

Date: 3-7/78

Sample Location

Bldg.
Bldg.
Bldg.
Bldg.
Bldg.

Bldg.
Bldg.
Bldg.

Bldg
Bldg.
Bldg.

Bldg.

Bldg.
Bldg.
Bldg.

8-2 Office
8-2 Storage
8-2 Cafeteria
9-2 Storage
9.2 Salvage

.9-2 Salvag. *

10-4 Lab - Test Area
104 Pilot Lab

10-1 Ma‘nt. Office
1«1 Teardown
1-1 Treat Area

1-1 EMF Fill (South)
(North)

1-2 Shipping
1-2 Tank Farm
2 Refinery Area

ug/m
14
94.9 «
76.6

N 19-1 ¥

30.9 ¢+
385.3 ¢
642.5 *
110 3

57.3 ¢

106.0 «

65.4 4
206.7 «

158.1
170.0

‘.

»

41.5
222.4

4.7
39.8 =
56.5 »

A

Active PCB Use: Mid 1977

STRUCTURAL PCB LEVELS

Structure Type

Floor

Floor
Wall

floor

Trench Area-West
Trench Area-East
Floor

- Floor

* Taken after washing and painting the walls of the Salvage Area

Sample Location

Bldg. 1-1 Tear Down

Bldg. 9-2 Salvage

Data Suvplied by: D. Deeds

Corncentration

206.7 ug/m?
642 pg/uw’

Dilution Rates Necessary
to Meet Proposed Std.

~PRB_

1,400

480
53

1,200

3,500
1,300
38

14,000

cfnm

320,000
400,000

11.2255
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TABLE 3-9

S,
RESTDUAL AIRBORNE CONCENTRATIONS OF
£9LYCHLOR1NATED BIPHENYLS FOUND AT THE
= ‘ GENERAL ELECTRIC FACILITY - FT. EDWARD, N.Y.
Collection Media: Florisil Date: 3-7/78 Active PCB Use: Mid 1977

Sample Location pg/m?

Film Lab - 3rd Floor 48.9

40.7

Film Storage 27.2

Tank Farm 69.7

31.4

Maintenance Office 29.5

Bldg. 27 Solder Seal 29.6

25 . 2

Bldg. 27 Carosel #2 . 43.3°

Bldg. 23 Carosel #1 33.9

Bldg. 23 Treat 64.7

Bldg. 23 QC Lab 135.4

Bldg. 23 Accunulation § Seal ‘ 58.2

,//M\

v Outdoor Ambient
Airborne PCB at Hudson Falls/Ft. Edward

Collection Media: Florisil Date: 8/78 Active PCB Use: Mid 1877
Sample Location pg/m?
Bldg. 1 Roof, Riverside 2.0
Bldg. 1 Roof 4.4
Near Bldg. 6 outside 32
Near 01d Tanker Dock 4.2
Parking Lot across from Bldg. 10 1.5
D. Deeds' Yard - 47
D. Deeds' Yard ’ 1.0
Near Guard House .94
F.E. Roof Intake Treat 1.3
F.E. Roof Intake .15
F.E. Ground Level Behind Plant 31
Bldg. 9-2 Salvage 1.1 X 102
Bldg. 9-2 Salvage 1.1 X 102

=
Data Supplied By: D. Deeds

11.2256
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TABLE 3-10

PCB CONCENTRATIONS IN AMBIENT AIR AT WASHINGTON COUNTY OFFICES
BY DAY OF WEEK

2000 -
)
@ Nov. 1978-June 1977
1600 - & Sy I19TT-Non. 1977
P & T Stendord Lrrer of Moan
1200 -
000 ~
|
o } { I 1{ ]}
; &
T T T T T T T
Mon ) wed Thurs Frl Set Sun

« somuple fotwction nrs (-4
« PCE ewtysis By TR D

1000 ng = 1 ug

Table 3-1l:Ambient air PCB levels (ng/m? of Aroclor 1016) at dump and
dredge spoil areas. '

"Caputo* Fort Miller* New Moreau*®
3000 . 4400 . 160
5900t 1160 S0
41007 830 i10
1000t
2200t

Average: 3240 2160 107

Source: Romano(;’); PCB analysis by N.Y. Department of Health.

t These are 2.5 hr. air samples from one day. All others are 8 hr. samples.
* Dump 3area. . :
**Dredge spoil area.

- 4 e i M. eae wethemasis SascHte ¢ B . W NN S e o oo . 11 . 225!7
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FIELO M.
1180F-F-1
1180F-F-2
1180F-F-3
1180F-F-4
1180F-F-5
1180F-F-6
1180F-F-}
1180F-F-8
1180F-F-9
1180F-F-10
V180F-F-11
11B0F-F-12
1180F-F-13
1180F-F-14
1180F-F-15
1180F-F-16
1180F-F-17
1180F-F-18
1180F-F-19
1180F-F-20
1180F-F-21

LOCATION
Tonk farm, fast side
Yank farm, West side
Tank farm South
North end tank famm
Carosel #1-East side
Carasel #1-South side
Carosel #1-Mest side
Trest ares (middle) tank 9A10
QC Lab, West end
QC Lab, East end
Seal Station North
Treat Station North
Ses) Statfon South
Treat Statfon South
Carosel 42 West
Carose) #2 Kast

Pretest 8 Assembly middle, West wall

Accumulation, South
Pretest 8 Assembly North, West wall

Pretest § Assembly South, West wall
Cavosel #2 North

TanLE 3-11
PCRs SAMPLTNIT "VNRT FIVARD /Y3 ¢

%)

86.85
13.46
10.25
21.35
3.55
8.92
8.n
95.91
121.08
247.14
10.14
14.90
3.1
38.81
5.07
70.00
47.76

130.21.
M9 K

3446
29.35

«

PCR (1016),ya/md (front ¢ back)

n
1]
12
9
15
6.5
8.3
80
52

130

42

230

18
)]
20
L}
N+
o
2 £
18 -
16

6T
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¢ FIELD NO.
T8

{

1BOH-F-2
11804-F-3
118on-F-4
1180H-F-S
1180H-F -6
V180H-F.2
11804-F-8
1180H-F-9
11801-F-10
80H-F-11
1180H-F-12
1180H-F-13
116804-F-14
11804-F-15
V180H-F-18
11804-F-17
1180H-F-18
1180H-F-19
11804-F-20
1160H-F-21
'!00"~F-22
1180M-F-23

V1IB0H-F 24
118M-F-25
11804-F-26
ilson.r-zr

.--.-——

LOCATION
» Soulh

EMF F11, Repair Room
ENF F1YY, North
Treat Tonks, North Center (022)

Treat Tanks, North Center (Between #17 8 12)

Treat Tanks, East (#16)

Tank Farm, South {Between #22 £23)
Treat Tanks, South

Shioping, Southwest

Shiopina, North

Center, East of Tank N5

Center, Vest of Tank M

Tank Farm, North (Between #20 & 21)
Refinery, South

Refinery, North

Cateteria, East

Cafeterfa, East

Repair 8 Recovery, West

Repair § Recovery, Center South
Repeir & Recovery, Center North
Revair & Recovery, East

#ldg, 10 - Clean Room

8ldg. 10 - Room &

8idg. 10 - Develop Treat Lab
81da. 10 - Pllot Test
8ldg. 10 -~ Basement Maintenance Nffice

8)da. 3 - Foreman's office

fable 3-12 PCBs Sampling - lludson Falls 1980

(

...........
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1M 15.66 30.} n
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of Washington County Office Building, Ft.
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TABLE 3-13 GE AIR SAMPLING STUDIES (AREA SAMPLES)

Arithmetic
Sampling - GM Mesn = SD -

N Time(min) log X logSD ug/m? ug/m3 CV % x
10/23:24/1975
(Toluene)
Hudson Falls 14 90-400 2.808 0.203 642 704 = 284 1.24 0.508
Fort Edward 15 60-385 2.881 0.251 761 899 = 571 872 0.20< p < 0.35
Total 29 - 2.846 0.228 701 805 + 459 8.02
4/27-28/1977
(Hexane)
Hudson Fails 8 - 2.508 0.170 322 346 = 151 '6.80 - 0.388
Fort Edward 8 - 7 2474 0.165 298 316 £ 112 666 035<p< 040
Total - 16 74-416 2.491 0.163 310 331 = 129 6.54 :
3-7/1978
(Fiorisil) ,
Hudson Falls 16 - 1.991 0.412 98 151 = 162 20.72 2.35
Fort Edward 13 . 1.638 0.208 43 49 = 30 12.71 p < 0.025
Total 29 . . 1.832 0.376 68 105 = 131 20.54
12/1980
(Florisil)
Hudson Falls 20 1.363 0.372 23 31 = 24 27.28

16 1.610  0.297 41 50 = 31 18.47

1.537 0.316 34 44 = 29 20.58

1.909 0.322 81 10579  16.85
1.494  0.439 31 51 = 56 29.34
1.478  0.525 30 56 = 63 35.53

(Perchiorn) 20
Fort Edward 18
(Perchlorn) 18

»
Ko ]
L T T T R}
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TABLE 3-14 NIOSH SITE AUDIT 4/27-28/1977

(FLORISIL)
- Arithmetic
Sampling - GM Mean £ SD -

N Time (min) log X logSD pug/m? pg/m? CV% A
Personal Samples
Hudson Falis 19 176-427 2.085 0.262 122 143 = 87 12.58 2.704
Fort Edward 12 271.452 2.29¢ 0.154 197 209 = 82 6.74 0.005 < p < 0.0]
Total 31 - 2213 0.224 163 184 = 88 10.13
Area Samples (Non-Treatment Areas)
Hudson Falls 8 195.427 1.319 0.3%92 21 27 = 16 29.73
Ford Edward 11 387-442 1.749  0.347 56 70 = 41 19.84
Total 19 - 1.568  0.417 37 §2 = 39 26.62

11.2263



Building, next door to the Fort Edward plant) are shown in Figures 3-3
and 3.1.

The various data compilations permit evaluation of the effects of
scme, but not all, of the methodological variations in the sampling procedures.

First, as regards sample collection media, the very limited data
(that on 1977 area air levels near soldering operations in Tables 3-3 and
3~7) indid&te, but certainly do not prove, that the data cbtained using
hexane are cbmparable to that obtained using florisil. Second, as regards
| analytical methodology, the data obtained using tbe perchlorinatio;
procedure on the 1980 Fort Edward samples were comparable to those using |
the conventional procedure, whereas that obtained on the Hudson Falls
samples were clearly deviant. The perchlorination procedure has been
used far less than the direct gas chromatographic method of analysis, and
its results must still be considered problematical. Finally, comparison
of the April 1977 GE data on PCB air levels in the treat, seal and salvage
areas (gecmetric mean, 310 ug/m3) with the April 1977 NIOSH data cbtained
from perscnal air samplers attached to personnel working in those areas
(gecmetric mean, 165 ug/m3) suggested that the actual levels of respiratory
expcsure might be only half those indicated by the area air lewels,
presumably reflecting the tendency of the workers to move in and out of
the zones of highest PCB lewvels.

The area air sampling data indicated PCE levels in the PCB handling areas
to have been in the range 260-2000 ug/m3 (gecmetric mean, 701 ug/m3) in
1975, and to have dropped steadily with time over the 1975-1980 period.

The 1975 and 1977 samplings, which were confined to those areas of the |

11.2264
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plant directly involved in PCB handling, showed no significant differenceg
between the levels at Hudson Falls and those at Fort Edward. The 1978
and 1980 samplings, which covered a wider range of areas in both plants,
showed significant differences between the plants both in mean levels and
range of levels. Evidently, in the older plant (Hudscon Falls) there were
more hidden deposits of BPCB that eluded the attentions of the 1977-78
clean-up elilorts. |

The grea air sampling data for areas not directly involved in PCB
handling oéerétions showed geametric mean levels about B-fgld lower than :’
those for the PCB handling areas in 1977 (37 vs. 310 ug/m3 for both plants
combined), and suggestions of a continuing differential in 1978 and 1980

(Tables 3-8, 3-9, 3-11, 3-12). 1In 1980, three years after the discontinuance

of PCB use, there was stiJ,l no area inside either plant showing PCB levels
significantly under 5 ug/m3, and the gecmetric mean for all sampling
stations combined was still 31 ug/mS.

The area air sampling data for stations outside the plant buildings
(Tables 3-9, 3-10, 3-11; Fig. 3-1) were more highly scattered, as expected,
but did indicate the presence of measurable PC2 levels at the'County
Office Building roof, in the backyard of the industrial hygienist's
home, and at some nearby PCB landfill sites. The median levels at the
County Office Building dropped from 0.6 ug/m3 in 1976-77 to 0.04 ug/m3 in
1979-80. -

11
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Thus there is a considerable body of data available concerning KB
air levels in and around the plant during the 1975-80 period. Unforﬁunately,
there is no data whatscever regarding such levels during the preceding 30
years. One can speculate that the levels inside the plants may have been
higher in the late 1950's and early 1960's before the ventilatioh system
was upgraded, or conversely that they may have been lower because massive
saturation of the entire plant structure with trichlorobiphenyls had not
yvet developed. One can also speculate that they should have been much
lower in the late 1940's and early 1950's because of the much lower vapor
pressure of the pentachlorobiphenyls and the lack of previously accumulated
PCB in the plant. However, there are no recorded measurements either to
confirm or to deny such speculations. Accord‘ingly, in all endeavurs to
correlate (B body burdens with exposure levels, we will be required to
make the assumption that PCB air levels measured in 1975 were indeed
representative of those present during the entire period of Aroclor 1242
or 1016 use.

As pointed out previously, however, this historical uncertainty
need not extend to the question of the composition of the PCB mixture
to which plant perscnnel were exposed in the past. A capacitor is a
hermetically sealed device that preserves its contained fluid in the
dark, at moderate temperatures, and in the presence of stabilizers.

By analysis of old datable capacitors, it should be possible to
identify the levels of PCDFs or other toxic contaminants tﬁat may

have been present at the time of manufacture.
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4. Description of Employee Population

The General Electric plants at Hudson Falls and Fort Edward, New York
are located near the junction of Washington, Saratoga and Washington
Counties, and draw their work force predominantly from those three
counties, aldng wit.h a few people from eastern Vermont. The employee
population is estimated to have varied between a low of 1500 and a high
of 2000 depending on the business cycle. Hourly production employment is
estimated to have varied from 1200 to 1600 over the same period.
Approximately 10% of the plant employees had wcrk‘involving direct
physical contact with PCBs.

Figure 4-1 shows the age and sa2rvice time distributions of the
hourly employees, separéted according to sex, as of October 1976.
The population was bimodally distributed in both age and service time,
with one peak around age 30, or 5-15 years service, and a second near
age 50, or 20-30 years service. The service times ranged ocut to 35
years. Seniority and service dates generally agreed within one year,
indicating few important breaks in service continuity. Female employees
constituted 42.5% of the entire plant population, and 62% of that was
in the 55-59 age bracket.

Demographically, the employee population is presumably representa-
tive of the industrially-employed populaticn of Saratoga, Warren and

Washington Counties. The populations of these counties differ slightly

11.2268
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from national norms in several respects. The populations are pre-~
dominantly rural and average 99.1% white, with mostly English or

French surnames. The mean fetal death rates in the three counties in
1968 were only 8.8, 6,3, and 3.3 per thousand, respectively, in con-
trast to 13.6 per thous#nd for New York State as a whole. Conversely,
all these counties shared in the surge in chronic obstructive lung
disease that has occurred in upstate New York during the past 20 years.l
According to the DHEW Atlas of Cancer Morta.ity, 1950-1969 cancexr
mortality (all sites) for males was signifiéantly higher than the nat-
ional average for Warren and Saratoga Counties, with excesses in colon
and rectal, lung, and bladder cancers. For feﬁales, Warren and Wash-
ington Counties had excesses, particularly in ovarian, cervical and
rectal carcinomas.

It is not certain to what extent the reported excesses in cancer
can be linked to occupaticnal ekposure. One small sample of relevant
data is provided by Table 4-1, which lists the prior occupational ex-
posures of the 194 individuals selected for clinical examination
because of high exposure to PCB (next Section). It is evident from
this Table that occupational éxposures to a variety of suspect car-
cinogens were occurring in the 3-county area, but it is not known
whether such exposures weré in excess of national norms.

Employee Records

The ultimate data bases from which more detailed information

about the employee population of the plants must be drawn consist

l Rubin, B.B. Mortality from lung cancer, emphysema, and brenchitis

for counties in New York State excluding New York City, 1960-1.

New York State Department of Health Monograph No. 16, Albany, N.Y.

October 1980. .

11.2270



32

Table 4-1. Reemployment Occupational Exposures of 194 Hudson

Falls - Ft. Edward Capaciter wOrkers Who Subsegquently Had

Heavy Exposure to PCB.

Chromate dukt and
paint pigment 12

Other chemicals and

pesticides (farmers,

gas staticn attendents, *e
laboratory personnel, etec.) 22

b -

Llint (shirt, carpet and
other factories) 10

Mining, cement,
and stone 10

Asbestos (pipefirters,
plumbers, electriczianms,
construction) 23

Eeavy metals and foundry 10
Service Z Possible
multiple exposures 3s

Paper mills 8

11.2271
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of four types of employee personnel and medical records, which are
currently being collated and microfilmed for analysis. These records,
available for both current and former employees, are the following:

1. Employment application, which provides name, address,
social security number, birth date, Sex. prior employ-
ment history, education, etc.

2. The front page of the personnel record, which lists all jobs
held during employment by code, title and dates, absences of
over two weeks due to illness, lack of work, leave of absence,
etc. in chronological order.

3. Information selected from medical records including physical
exams, health insurance data, non-routine visits to the’
Medical Department and periodic medical e,valuatioxﬁé. |

4. Physicians Statement. Since 1970, it has been necessary for
insurance purposes to submit a physician's report on any
employee returning to work after an absence due to illness
of two weeks or more. This report indicates the diagnosis,
any surgical procedure performed, the period of disability
and whether the disability was considered work-related.

Prior to 1970, less elaborate reporting was regquired; however,
examinations were conducted on returning employees by the
plant physicians and the results, along with the insurance
forms, were included in the medical record, so that the in-

formation needed to construct morbidity profiles does exist.
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One of the desired outcomes of the ongoing studies of PCB blood levels
in population sub-groups (described below) and their correlation with
job codes is the develcpment of criteria for classifying individuals into
exposure categories on the basis of the information contained in their
éersonnel records. Such determinations of exposure category would then
be used in the epidemiological analyses of mortality and pregnancy outcome
data currently being planned by the New York State Department of Health.

#
*

11.2273
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5. Description of Study Populations

As noted at the beginning, this study was initiated as an occu-
pational medical investigation; that is, a deliberate search for clinical
abnormalities in the small number of most heavily exposed embloyees,
rather than as an epidemioloéical investigation of statistical ano~-
malies in a large group of mostly lightly exposed individuals. The
procedures used for Sclecting the study group and subgroups used in

this study, and the characteristics of the group selected, will be

. described in turn.

Selection and Classification Procedures

The initial clinical study group (Group 1) was selected by one
of us (M.R.R.), who, as plant nurse and hygienist, had considerable
personal knowledge of the plant operations and plant personnel. The
criterion for selection was direct (physical contact) occupational
exposure to PCB at the time (early 1876), and it was the intent of the
selection to have the study group include all employees having current
direct exposure. The group selected consiSted of 152 ﬁales and 42
females, for a total of 194 persons.

This selection procedure differed considerably from that employed
at the same plants later in 1976 by a team of investigators from the
Mt. Sinai School of Medicine who have already published some preliminary
accounts of their findings (by Alvares, Fishbein, Seiikoff, et al.).
The Mt. Sinai group issued a call for volunteers through the union, and

as a result cbtained a group of 326 persons,
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The available reports indicate that the Mt. Sinai group con-
sisted predominantly of persons having occupational exposures to
PCBs that were only indirect, although still well above background.
A total of 34 persons were members of both the Mt. Sinai group

and the GE group.

In addiﬁion to selectingia study population, an effort was made
to classify the population selected according to exposure categories.
These categories were as follows:

B (hig?): Individuals with continuous exposure in a high

| exposure zone.
M (medium): Individuals with short, intermittent'exposures
;in a high exposure zone, e.g., maintenance men.

L (low): Individuals with continuous exposure at the

periphery of a high exposure zone.

Unclassified: (Not in Study Group l): Individuals without direct

occupational exposure to PCBs.

These presumptive classifications, made before any data on serum PCB
levels were known, have been made available to State and Federal in-
vestigators for interim use in epidemioclogical appraisals. Current
indications are that the serum fCB levels in persons assigned to exposure
classifications M and L are actually statistically indistinguishable.

In addition, serum PCB levels well above background have been observed
in the “"unclassified" group (those not having direct occupational

contact).
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Ages and Service Times of Study Group Population N

Figures 5-1 and 5-2 describe the distributions of age and service
time respectively in Study Group 1. It also shows that these dis-
tributions in the study population are fairly similar to those for

the plant as a whole.

Job Descriptions and Estimated Exposures

Table 5-1 lists the job descrii:tions and estimated PCB exposure
levels for the 194 persons i:ncluded in Study Group 1. It is evident
that the group comprises individuals performing 57 different jobs,
but that only 64 to 100 of the 194 individuals were in jobs assigned
to the highest exposure category.

Scome information on prior exposures to agents other than PCBs
is also available. Table 4-1 listed the prior occupational exposures

for the 194 individuals in the study group.

Other Groups Studied

Certain subgroups of Study Group 1 were selected for additional
or modified examinations, and same control groups were also selected.
The compositions of these additional grodps were as follows:

Croup 2 was a subgroup of Group 1 camprising 12 individuals
whose serum PCB levels were reported to be above 1000 ppb in 1979.
Blood samples were drawn from this group in 1980 in order to provide

11.2276
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TABLE 5~-1. Job Description and Estimated Exposure Levels of PCB-Exposed

Capacitor Workers Selected for Clinical Investigation

40

11.2279

= JOB CORE TITLE EIfOSURE LEVEL RUMBER IN STUDY -

0000 Laboratory LtoM 2

7600 Trea:;Room Operator H 7

1601 Apprentice PEC B 8

1213 Plant Enginegring Craftsman M toHR 30

ao | mrmnmmamae ] v 2

OSOQ Q.C. Operator L 2

ODOC Manufacturing Analyst L 2 -
1214_ Plant Engineering Craftsman L 1

1711 Test Q.C. | H 2 )
7601 ENF Operater H 3

0106 Croup Leader L 5

7625 ‘Ireaé Shift Leader H 4

0200 " Inspector-Incoming Materials L 1

1317 Moveman L 18

5514 Seal & Inspect Fillholes B 7

57504 Weld Atomic L 1

0413 Material Follower B 1

0220> Q.C. Inspector H 1

;| nevess Fover Tactor : :
1420 Repair Powver Factor Capacitor R | 7

0000 Power Manufacturing Engineer B 1

0000 Maintenance Foreman L 3

1421 I o o R 1

1215 Plant Engineering Craftsman : 3 3

- 1701 Shock & Vibration Test L 1 )
0000 Treat Foreman LeoX 2
Table 5-1
A
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] foe i g ” 2 Levels of
- ntinued). Job Descripticns and Estimated Exposure S ]
TABLE S5-1 (gga—nxposed Capacitor Workers Selected for Clinical Investigation

JOB CODE TITLE EXPOSURE LEVEL NUMBER IN STUDY
2401 g::::?:o; Small Industrial M to B 6-
0000 Envirenmental Quality Engineer L 1
1707 *EE;:tgizszllaneous L 7
1403 g:;:g:c,gpentot - Power R 9
7607 ‘ ~Refinery Operator H &
0000 Manufacturing Engineer : 3

I B " I
0932 Material Handler L b
G i K
0000 Treat & Test Manager L 1l
0000 Process Control Engineer L 2
1703 Electrical Tester L 2
1708 Manual Tester L 2
0000 Technicizn B 2
0000 Safety Specialist L 1
0619 g;:isC:ﬁ: Keeper - L 1
R e i : :
1710 Test Special R 2
0000 Process Control Specialist L 2
0000 Quality Contrel L 1
0000 Methods/Time Standards L 1
0000 Production Control L 1
0000 Facilities Analyst A 1
0000 Analytical Chenist L 1

7 0000 Quality Control Engineer L 1 |
0000 Shipping Foreman L 1
Table 5-1

B 1



TABLE 5-1 (continued).

~ Job Descriptions and Estimated Exposure Levels

42

of PCB-Exposed Capacitor Workers Selected for Clinical Investigatis=.

JOB CODE TITLE EXPOSURE LEVEL NIMEER IN STUDY
0000 Engineer L 1
0000 Manufagturing Specialise L 2
1280 Development Specialist L 1
0000 Maintenance Supervisor L 1
0000 -Manager - Components L 1
TOTAL 194

Table 5-1

c

11.2281



the individual and pooled samples used to evaluate the precision of
the serum PCB analysis as described in Section 7. This group is thus
our only source of information about 1979-80 changes in serum PCB
levels.

Group 3 consisted of 18 office workers at the GE Corporate Head-
quarters in Fairfield, Connecticut, none of whom had ever had any
known occupational exposure to PCB's. Blood samples were drawn from
+his group in order to assess serum PCB background levels in 1976 and
1979.

Croug 4 consisted of 18 subjects drawn from the Hudson PallsQ
Ft. Edward salaried administrative staff. These were individuals who
hed had long service at the plants (average, 23.6 years), but no known
direct occupational exposure to PCB's. This group is believed to be
comparable in exposure history to mest of the older employees in the
volunteer group examined by the Mt. Sinai investigators.

Group 5 consisted of 16 capacitor workers currently working in
the impregnation operation, but employed since the 1977 discontinuance
of PCB use. These individuals were young and averaged only 2 years'
service time.

Group 6 consists of 20 individuals who were originally members
of Study Group 1, but who have subsequently retired or left the
Company. Some miésed the 1979.follow-up of the initial 1976 examina-

tion. An effort is now being made to track down these Group 1 alumni

11.2282
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and persuade them to undergo continuing examinations in order to

assess PCB clearance rates and development of PCB relatable health
problems (if any) in the older age groups. Formal arrangements are
also being made to inclﬁde a2 PCB follow-up request as a part of the

pre~-retirement exit interview.

11.2283
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6. Clinical Examination Procedure

Following the 1976 selection of 194 employees for study, they were
invited to the Medical Dispensary for workup. A medical history was taken
and a physical examination performed by the attending physician (J.F.). Blood
was drawn for PCB levels and conventional chemistries, and pulmonary function
was assessed b- spif:anetry. ECGs were obtained and read by one of us (J.F.).
Cﬁest X-rays were obtained and read by a local radiologiét. Each emplo'yee:
‘»eceived a letter outlining any abnormal findings. In appropriate cases, ;
the findings were discussed with the employee and the data forwarded to his
or her physician. PCB levels were not divulged_ or discussed with employées.

The study group was brought back for reexamination during November 1979.
The reexamination consisted of an updating of the medical history, a more
exact definition of smoking habits and further data on reproduction. Pulmenary
function tests were repeated. Chest X-rays, ECGs and physical examinations
were repeated only in selected cases. Blood chemistries and PCB levels
were again obtained. The data cbtained in 1976 and 1979 has been supplemented
by interim examinations and by follow-up examinations since vaember 1979.

About half of the Mt. Sinai group re-volunteered for a repeat examination
in December 1979. No findings from this second Mt. Sinai examination have

yet become available.

11.2284



Blood Chemistries

Fasting blood samples were drawn at the time of medical examina-
tion for blood chemistries ahd hematology, and a urinalysis performed.
The analyses were conducted under contract by Metpath, Teterboro,
Ne., Jersey. Table 6-1 lists the bleud, hematological and other
variables measured in this study. Between 1976 and 1979, total
lip._;ds were dropped fiom the routine <hemscreen and magnesium
added so that 1976-1979 comparisons are not poséible for these
variables.

In 1979, Metpath introduced a computer program that provides a
statistical sumary of analyses performed for individual institu-
tions. A part of the ocutput consists of tables of normzl ;:anges
adjusted for age and sex. We have made use of these standards in
the evaluation of our data. All data in the Metpath analyses are
treated as normal distributions, although there is substantial
evidence that many of the variables of interest in this study,
primarily those related to liver function and blood lipids, are
actually lognormally distributed. Where appropriate, we have

also evaluated the data using the log-normal assumption.

11.2285
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Capacitor Workers at lludson Falls - Ft. Edward Plants

Liver Function (12)

Hematology (13)

Population and Exposure (16)

Sex Total Bilirubin Iron
Age (years) Direct Bilirubin RBC
Service (years) SGOT HGB
Job Code ’ SGPT HCT
Job Status (active, inactive) GGTP MCV
Plant (HF or FE) Alkaline Phosph. MCH
Exempt/Non-Exempt LDH MCHC
Disease Status Total Protein WBC
Albumin Differential
Serum PCB : Globulin Polys
Aroclor 1242 (Lower homologs) A/G Ratiu Lymphs
Aroclor 1254 Amylase Monos
Arog¢lor 1260 (Higher homologs) Eosins
P.P -DDE Renal Function (17) Baso.

Exposure Estimate (0-2)

Air PCB Bun Pulmonary Function (4)
Mt. Sinai Participation Creatinine
Fast/Non-Fasting Bun/Creat. Ratio FVC
(1976) Na+ FEV
K+ FEV. /FVC
Metabolism (11) Cl- Che;t X~-ray
Ca++
lleight Ph- History {5)
Frame
Pre-Empl. Wt. Urinalysis . Smoking
Body Wt. (76 & 79) Appearance Alcohol use*
Max. Ref. Wt. pll Drug use*
Body Wt/Height?* Diagnosis
Body Fat (kgs. or % BW) Sp. Gr. surgery
Triglycerides Acetone
Cholesterol Albumin Symptomatology (6)
Blood Sugar Glucose
Uric Acid RBC Dermatological
WBC Neurological
Cardiovascular Function (3) Casts Cardiovascular
= Respiratory
- ECG Gastrointestinal
N Blood Pressure Musculoskeletal
b Systolic
g‘; Diastolic

Ly
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Pulmonary Function

Pulmonary function was evaluated in }976 using a Vanguard*
spirometer with an analog output. Measurements were made in the
standing position with a disposable filter sensor. Computations of
FVC, FEV,, FEV,¢_ 45, an§ the FEV,-FVC ratio were performed manually
by measurement from tracings and siide rule. Measurements were judged
acceptable whrn there was agreement w}thin 10 percent in two out of
three repetitions.

The 1979 ‘easurements were made wiﬁh a Vangﬁard* DS 502 spiro-
meter with a pféprogrammed computer printout that utilized the Moéris
standardsz. In interpreting the data, we have calculated the data
following Kpudson3 and broadened the normal range to >70 percent for
both vital capacity and the FEVI/FVC as recommended by the American
Thoracic Society. Such standards are important in evaluating the
prevalence of restrictive disease found by Warshaw et a1.4 in this

population.

* Life Support Engineering Corp., Woburn, MA

2. Morris, J.F., Koski, A., and L.C. Johnson. Spirometric Standards
for Healthy, Non-smoking Adults. Am. Rev. Resp. Dis. 103: 57-67, 1971.

3. Xnudson, R.J., Slatin, R.C., Lebowitz, M.D., and B. Burrowo. The
Maximum Expiratory Flow Volume Curve: Normal Standards, Variability,
and Effects of Age. Am. Rev. Resp. Dis. 113: 587, 1976.

4. Warshaw, R., Fischbein, A., Thornton, J., Miller, A., and I.J.
Selikoff. Decrease in Vital Capacity in PCB-Exposed Workers in a
Capacitor Manufacturing Facility. Ann. N.Y. Acad. Sci. 320: 277-283,
1979. :
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7. Serum PCB Measurements

The analysis for PCB's in environmental, biological, or cliniqal
specimens at ppb to ppm levels has been a commercially available serv-
ice for some half a dozen years, and is now offered by at least a dozen
commercial laboratories in this country, including the one engaged for
this project._ Despite this, serum PCB determinations continue to pre-
sent far greater levels of imprecision, inaccuracy, and ambiguity in
the nature of the_paraméter reported by the analyst than are encountered
in any of the éonVeﬁtional blcod chemical measurements commonly used in
clinical medicing. Accordingly, we have given continuing attention to
the problem of defining the reliability and meaning of the data being
suﬁplied to us by our analyst. In this Section we shall describe the
saméling and énalytical procedures used for the determination of serum
PCB levels and present the ‘available data on the accuracy, precision,
and significance of the measurements.

Sampling Procedure

Ten cc blood samples were drawn, allowed to clot, centrifuged,
and the serum decanted, labelled, and frozen. Groups of samples were
shipped in polyethylene containers to WARF Industries, Inc., Madison,
Wisconsin (now Raltech) for analysis. Serum PCB analysis was begun
only in the middle of the 1976 study; as a conseguence, subjects had
to be recalled at odd hours so that the bulk of 1976 PCB samples were
taken non-fasting. The balance of the subjects (34) were drawn in
the fasting state with the other blocod chemistries. 1In the 1979 study
all samples were drawn in the fasting state. 1In 1976 analyses were
reported as Aroclor 1254, Aroclor 1242, and p,p'- DDE using appropriate

standards. In 1979, data were also reported as Aroclor 1260.

11.2288



Analytical Procedures Used

A 1981 description of the analytical procedures used by Raltech,
along with some representative chromatograms, is presented in Table
. 7=1 in uncondensed form, except for the omission of the extraneous
chromatograms relating to the DEHP (di-2-ethylhexyl phthalate),

TCB (trichlorobenzene), and DCB (decachlorobiphenyl). (The DEHP and
TCB levels in the capacitor worker population are not yet known, and
Raltech's attempts to Jeterminé total serum RQBS' by the perchlorina-
tion procedvre, whicl. woﬁld produce DCB £nrx é§antitation, have thus
far proven unsatisfactory.) We were informed that the ¥TB analytical
procedures used in 1980 on the 1979 serum samples were substantially
identical to those in the 1981 descriptions; but did note from thé
chromatograms that somewhat di%ferent peaks had been used in making
the guantitations.

The procedure used in 1976, when WARF was just beginning to do
such analyses on a commercial basis, differed in several respects,
notably in the use of a "petroleum ether-freeze-by-dry-ice" (PE)
rather than a "methanol-hexane” (MH) extraction procedure, in the
dimensions of the column used (8 ft'x 2 mm i.d., rather than 6 £t x
4 mm i.4.), in the source used in the electron capture detector
(gsst rather than 63Ni), and in the electronic circuitry.

Tests of Accuracy of Procedures Used

The possible significance of these variations between the analy-

tical procedures used in 1976 and 1979 became of great interest when

11.2289
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; TABLE 7-1. Description of Proceadure for Serum PCB Analysis Supplied
- , by Raltech in 1981 :

I'd

Hethanﬁl-ﬂexane ¥ethod (1979)

1. Weigh S g of serum into a culture tube.
2. Add 2 mlL of methanol* and mix on & Vortex for 1 minute.

‘3. Add 5 mL of hexane:ethyl ether (1:1) and place on a horizontal shaker for
10 to 15 minutes. If emulsions form, centrifuge and/or place in a sounic
bath.

4, Decant hexane layer into a culture tube an? repeat extraction tvo more
times with 5 nlL of hexanz:ethyl ather (1:1).

5. Concentrate under a gentle stream of nitrogen to about 0.5 mlL or less.

6. Transfer the extract to & micro-Florisil column.  This column is a 2 £t
. : by 6 om id glass column containing 2.2 g of Florisil (60/100 mesh
Florisil, PR grade, from the Floridin Co. [Pittsburgh, PA], heated in a
140°C oven for 16-24 hours).

- 7a. Elute PCB and DDE with 10 ml 12 methanol in petroleum ether. Concentrate
v/ﬁh\" under a gentle stream of nitrogen to about 0.5 mL. Bring volume to 2 ml.
7b. Elute TCE and DEHP successively in the following manner:
First, elute TCBs with 4 ml of 1% methanol in petroleum ether.
Second, elute DEHP with 14 mlL of 20X ethyl ether in petroleum ether.
Concentrate on a2 water bath using micro-Snyder columns and 25-ml
concentrator tubes (Kudernma-Danish) to approximately/0.5 mlL. Bring
- volume to 2 mlL in calibrated tubes. .
8a. 1Inject blanks, controls, and samples for PCB and DDE on a Hewlett Packard
gas chromatograph under the following instrument operating conditions.
Model 5710A GC equipped with electron capture detector
Column: 6 ft x 4 mm id, 1.52 on SP2250/1.95% SP2401 on 100/120
Supelcoport
Temperature
. Injector: 250°C
Column: 205°C
Detector: 300°C
Carrier gas: argon:methane (95:5)
Flow rate: 43.5 ml/minute
Recorder: 1 mv, 15 in./hour
Attenuation: 64 (low level)
Ve ] 512 (high level)
.

* All sclvents used vere Burdick and Jackson distilled in glass - P.R. grldc’
or equivalent.

11.2290
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Table 7-1 (continued)

8b.

Be.

9.

Inject blanks, control serum, and samples for TCB on a Hewlett Packard

gas chromatograph with the following operating conditions.

Model 5710A egquipped with electron capture detector

Column:

Temperature
Injector: 250°C
Column: 125°C
Detector: 300°C

argon:methane (95:5)
Flow rate: 60.0 mlL/minute
Recorder: 1 mv, 15 in./hour
Attenuation: 8

Carrier gas:

inject blanks, controls, and sample. for DEHP on a Hewlett Packard gas

6 ft x 4 mm id, 37 OV~-]1 on B80/100 Gas Chrom Q

chromatograph operated under tie following conditions.

? s

Model 5710A equipped with electron ursture detector

Column:

Temperature
Injector: 250°C
Column: 240°C
Detector: 300°C

argon:methane (95:5)
Flow rate: 60.0 ml/minute
Recorder: 1 mv, 15 in./bour
Attenuation: 8

Carrier gas:

Caleculations

6 ft x 4 vm id, 3% OV-1 on 80/100 Gas Chrom Q

The baselines for all chromatograms were drawn using a straight edge
under all peaks in the chromatogram (Figures 1 to 12).

Aroclor 1242

The concentration of Aroclor 1242 in samples is determined by peak height
comparison of sample to standard using three major peaks found at these

retention times* in the Aroclor standard:

0.35, 0.70, 0.83.

- 52

In the standard, the peak at 0.70 retention time has a small shoulder peak at

0.65.

quantitation.

This peak was one of the major peaks
chromatograms, therefore the shoulder pesks
samples wvas used for quantitation.
and corresponding serum sample peaks, respectively.
chromatogram of a control serum sample which illustrates the peaks used for

Figures

in the pooled serum sample
at 0.65 retention time in the

2 and 5 depict the standard peaks

Figure 6 is &

* All retention times referenced were :nken relative to DDE standard with the

retention time of DDE = 1.0.

11.2291



TABLE 7-1 (continued). Description of Procedure for Serum PCB Analysis

Supplied by Raltech in 1981

For Aroclor 1242, the equation used for calculation was as follows:

axbxe
Aroclor 1242 (ppb) = — i

wvhere

Aroclor in standard peaks (ng)
height of sample peaks = {peak height at RT* DDE 0.35 + peak height
at RT 0.65 ¢ peak height at RT DDE 0.83)
¢ = height of standard peak = (peak height at RT DDE 0.35 + peak height
at RT DDE 0.70 + peak height at RT DDE 0.83)
d = original sample weight (g)
final extract volume (mlL)

.
]

Aroclor 1254

The peaks used for quanticating Aroclor 1:54 were the last four najof peaks in
the Arocler standard, at the following ret>ntion times: 1.26, 1.42, 1.62,
1.84.

Figure 3 shows standard pesks and Figures 5 and 6 show peaks in pool and
control sers.

Calculations are the same as for Arocior 1242 except:

b = height of sample peaks = (peak height at RT 1.26 + peak height at
RT 1.42 + peak height at RT DDE 1.62)

e = height of standard peak = (peak height at RT DDE 1.26 + peak height
at RT DDE 1.62 + peak height at RT DDE 1.84)

Arocler 1260

Three major peaks following the Arocler 1254 peaks vere used to quantitate
Aroclor 1260 in the same manner as the previous Aroclors’. Pesks measured and
used for calculation are shown in the standard in Figure 4 and in pool and
control sera in Figures 5 and 6.

Calculations were the same as for the other Aroclors, using the peaks at the
following retention times: 1.97, 2.90, 3.77.

DDE

This pesticide was quantitated using peak height comparison of the samples to
a standard. The calculation was similar to that for the Aroclors, except that
only a single peak was used: :

axbh
DDE (ppd) s

X
d

* Retention Time

11.2292
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Table 7-1 (continued)

vhere = DDE in standard peaks (ng)

= height of sample peak

= height of standard peak

= weight of original sample (g)

= final extract volume (mlL)

ooan one

Typical DDE chromatograms are illustrated in Figure 1 (standard) and Fzgures 5
and € (pool and control sera).

DEHP and TCB

DEHP and TCB were quantitated from single peaks. The calculation vas
identical to the calculation for DDE. A DEHP st.ndard chromatogram is shown
in Figure 7 and a serum ssmple injection is showr in Figure B. Figures 9 and
10 are representative chromatograms for TCBE stanuard and spiked serum,
respectively.

Decachlorobiphenyl

DCB was quantitated from a single peak with a calculation routine identical to
that of DDE. Many chromatograms are included in this area of the study,
including a DCB standard (Figure 11), an antimony pentachloride .
perchlorination blank (Figure 12), a perchlorinsted control serum sample
{Figure 13), and several examples of Aroclor standard perchlorinations.

54
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TABLE 7=-1 (continued)
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FIGURE 6

CONTROL SERA

REPRESENTATIVE CHROMATOGRAM
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it was found that the reported 1979 levels of both Aroclor 1254 and
p,p'-DDE, in both the study population and the out-of-state conirols,
were all about 7-fold higher than the levels reported in 1976. Ac~
cordingly a number of tests were run in 1980-81 to find the origin
of the discrepancy.

Table 7-2 presents the results of a series of analyses of a
control serum, whicﬁ contained only a few ppb each of Aroclor 1242,
1254 and DDE, where the analyst was requested to dup’icate the extrac-~
- tion procedurses used in 1976 (PE) and 1979 (MH) as closely as possible.
The results suggested that the PE method might work a little betteé.
for 1242, and MH slightly better for i254 and DDE, but none of the
differences were statistically significant.

Table 7-3 presents the results of several series of analyses
on control sera that had been deliberately spiked with known levels of
-Aroclor 1242, 1254, or DDE. The results were mixed. Method MH gave
good recoveries with 1254 and DDE, but poor recoveries with 1242.
Method PE gave poor recoveries with DDE aﬁd 1254 in one series of
runs, but good recoveries of 1254 in another. 1In the latter, interest-
ingly enough, there were considerable run-to-run variations in the
recovery of the added spike which were not paralleled by variations
in the levels of recovered DDE, which was present before spiking.
Again, it was difficult to demonstrate a convincing difference between
the two extraction procedures.

A few experiments were done using an alternative procedure which

differed from the methanol-hexane method in the omission of the

11.2300
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TABLE 7-2. COMPARISON BETWEEN TRIPLICATE ANALYSES OF
CONTROL SERUM BY PETROLEUM ETHER - FREEZE-BY-DRY-ICE (PE)

AND METHANOL - HEXANE (MH) METHODS

Species Method
1242 PE
1242 MH
1254 PE
1254 MH
1254 MH
DDE PE
DDE MH
DDE MH

a. T-test of difference of means not significant, p > .05
b. Average of many other determinations on same sample

N
3
3

4

3
3
I

3
3
34

X (ppb)

3.303
2.650

7.577
9.223
11.5%

8.290
8.883
10.?“

S

0.4508
0.5475

0.8909
0.3175

1.189
0.2902

PE/MH

1.23¢

0.82¢

0.93a

11.2301
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TABLE 7-3. RECOVERIES OF SPIKES ADDED TO CONTROL SERA
USING PETROLEUM ETHER - FREEZE-BY-DRY-ICE (PE) AND
METHANOL - HEXANE (MH) METHODS

Speciess Method N  Before Spike  After % Spike DDE
Spike  (ppb)  Spike  Recovery Obs'd.

1242 MH 3793 100 14.0 61 -
1254 PE 10 100 100 14.76 48 -
1254 PE 1 100 100 23.1 131 17.5
1254 PE 2100 200 322 11 16.3
1254 PE 2100 500  50.9 82 16.4
1254 PE 1 100 1000 122.0 112 17.2
1254 MH 3 134 100 229 95 -
DDE PE 10 1211 100 1717 52 -
DDE MH 3

10.4 10.0 18.7 84

11.2302



methanol denaturation (step 2, Table 7-1) and the use of straight
hexane rather than hexane-ether as the extractant. Duplicate analyses
showed the recoveries of 1254 and DDE to be only 45% and 49% of those
provided by the methanol-hexane method, and that these recoveries

were not improved by repeating t&e hexane extractions. This "straight
hexane” method was never used in our study, but has been occasionally
used by others.

The 1979 DDE levels reported for both our control and study popu-
lations, and the 1242 and 1254 levels reported for our control popu-
lations were all in good agreement with the U.é. background levels of’
PCBs and DDE reported by others, indicating that tﬁere is no reason
to guestion the 1979 analytical results. The source of the roughly
7-fold error in the 1976 data for 1254 ana DDE is still unknown. Also
unknown is whether the error alsoc affected the 1976 results for
Aroclor 1242 (As'will be seen in the next Section, the latter tended

to be higher than the 1979 levels in the controls and other lightly

exposed persons, but a little lower in the study population as a whole.)

Because of these uncertainties, we have been advised by the Raltech
analyst to disregard all of the 1976 data on serum PCB levels until
the nature of the error has been determined. Accordingly, all of the
calculations of body burden, correlations with exposure levels, and
relationships to clinical symptoms described in later sections of

this report will be based upon the 1979 data.

11.2303
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Tests of Precision of Procedures Used

Table 7-4 shows the results of 24 replicate analyses of a control
serum pool over a one-week period using the 1979 (MH) procedure. The
coefficients of variation for the determinations of Aroclor 1242, 1254,
1260, and DDE Qere found to range between 13.73 and 26.8%.

In order to determine the linearity of the response, a 60 ml.
pocled sample was prepared from measured portions of the sera of 12
highly exposed sukjects. Its Aroclor contents were taken as the
average of valuescalculated from the weighted contributicns of the 12
sera used and those ocbtained by triplicate anaiysis of the pool. The
pool was then serially diluted twice with tpe Raltech Red Cross serum
pocl and once using distilled water, and the diluted samples analysed
by the 1979 (metha;ol-hexaqe) procedure. The results for Arocler 1242,
1254, and 1260 arebshown as data points in Fig. 7-1. The regression

found to fit these data points was
log y = 0.0947 + 0.951 log x

where y is the reported PCB value and x that calculated from the di-
lution used. Fig. 7-1 also shows the calculated regression line, the
line of identity, and the positions of boundaries about the regression
of the 95% confidence limits on individual measurements. The line of
identity falls within the confidence limits.

Judging by the results of a recent unpublished round robin study

of the performance of 11 commercial laboratories (including Raltech) in

65
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TABLE 7-4

PCB and DDE Llevels in 24 Replicates of Control Serum

Day
1

Average
High
Low
cvY.

Compounds Analyzed (ppb)

Aroclor

1242

4.73
6.68
8.86
14.0
10.7
9.88
10.7
10.1

5.91
6.91
5.91
6.03

7.22
10.5

7.93¢32.43
14.0
4.73

L. ¢

8 Aroclor 1260 not quantitated.

Aroclor

1254

8.07
9.22

11.1
14.7

17.9

- 17.5

14.6
14.4

14.1
16.0
14.0
13.4

16.3
13.3

“13al

13.6

13.4§ 2232
17.9
8.07

77-3

Aroclor
1260

4.62
6.54
5.77
6.15

7037 < "n

10 .b

0.62
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9.53
11.4

10.59 Y2

13.9
7.48

737
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the analysis of PCBs in hexane, water, and fish samples, conducted by
the New York State Department of Health, this level of precision in
determinations of serum Aroclor should be considered as highly credit-
able, state-of-the-art, performance.

Ambiguities in Reporting Procedures Used

It should be noted that the PCB analyst faces some.knotty problems
in fi~ding defensible ways to report his findings. The commercial
PCBs all coiisist of complex mixtures of homologs and isomers, which
give r’'se to =omplex, multi-pcak éas chromatograms (Figs. 2-4 of
Table 7-1). ‘he electron capture detector givés markedly differeSt
responses for differént PCB isomers, so that the relative heights of
different peaks may be greatly differént_from the relative weight
concentrations of the species producing those peaks. In environ-

;mental samples, there may be extraneous peaks from chlorinated pesti-
"cides, which obscure some of the PCB peaks, and partial biodegradation
may have occurred, leading to peak distributions different from those
in the standards (compare Figs. 2 and 5 of Table 7-1). A conventional
solution to these problems is to report the collection of observed
peak heights as a concentration of "Aroclor xxxx." What this para-
meter really denotes is the concentration of an Aroclor xxxx standard
required to produce one or more peaks, the sum of whose heights is egual
to that of selected (but freguently unspecified) peaks found at the

corresponding retention times in the chfomatogram of the sample. This
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operational procedure éan, in principle, be conducted to any level of
accuracy and precision. However, it is important to realize that a
concentration reported as "Aroclor xxxx," or even the sums of con-
centrations so reported, cannot be egqual to the total PCB concentration
in the sample except in the special case where the isomer distribu-

ticn in the sample is identical to that in the standard. These in-
egualities, which result in ambiguities in the actual lévels of PCB's
present even in samples where the "Arnclor xxxx" levels are accurately -
and precisely reported; are of two kinds: /

The first, and more easily managed, results from the fact that the
ranges of composition of the various Aroclors ocverlap, and the re-
porting procedure permits multiple reporting of‘thé same peaks. Some
samplé calculations of the sort of confounding that can result, based
on the peaks used by Raltech on the 13979 samples, are shown in Table
7-5. It is seen that if comparable amounts of lower and higher PCB's
be present, the reporting of Aroclors 1242 and 1254 and 1260 will
result in an approximately 2-fold overreporting of the total PCBE in
the sample. Such overreporting can be minimized by reporting only
Aroclor 1242 and 1260. Alternatively, some investigators are getting
away from the range-overlap problem by reporting their data as "lower
PCBs" (LPCB) and "higher PCBs" (HPCB). The former corresponds to
those isomers giving peaks before the DDE peak on the chromatogram,

the latter to those giving later peaks. If the LPCB and HPCB values
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TABLE 7-5. CALCULATED LEVELS OF YARIOUS AROCLORS
THAT WOULD BE REPORTED FOR TYPICAL AROCLOR SAMPLES
USING THE 1979 RALTECH SUM-OF-SELECTED-PEAK-HEIGHTS

METHOD OF QUANTITATION

Composition Reportable Level of Aroclor
_of Sample 1242 1254 1260 Sum
Pure Aro 1242, 100 100 10 S 115
Pure Aro 1254, 100 60 100 47 207
Pure Aro 1260, 100 22 143 100 265
1242, 100 + 1254,100 162 111 52 325

1042, 100 ¢ 1260, 100 120

160

106

386

70
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be alsc determined by the sum-of-selected-peak-heights method, then
in samples of the type being considered here, the LPCB and HPCB values
should be fairly close to those for "Aroclor 1242" and "Aroclor 1260,"
respectively.

The second source of uncertainty arises when the distribution of
isomers in the sample differs from that in the standard. Quite obvi-
ously, if the peaks selected for use in thé sum-of-selected~-peak-
heights procedure happen to be those of therfew isomers that persist
after most of the other PCB iscmers have been elimirated, then this procedure
can considerably overstate the total amount of PCB present. Comparisons
of the chromatograms of human sera (e.g., Table 7;1, Fig. 5) with those
of the Aroclor standards (ibid., Figs. 2-4) suggests that there is a
distinct possibility that this could be the case for the serum PCB
data reported as Arcclor 1242, but not for that feported as 1260, and
probably not that reported as 1254.

One possible way to avoid ambiguities resulting from‘variations
in isomer distribution is to analyze the sample by the perchlorination
procedure, which converts all isomers alike to decachlorobiphenyls
for guantitation and reporting as total PCB. Unfortunately, that pro-
cedure also obliterates the distinction between LPCBs and HPCBs ,
which may be of clinical importance. 1In addition, in our hands at
least, it has not yet performed satisfactorily on XBs recovered from

sera.
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A more reliable alternative procedure would be to measure the
height of every peak on the chromatogram, discard those corresponding
to known pesticides or other environmental contaminants, divide each’
of the remaining (PCB) peaks by its published electron capture re-
sponse factor, determine the ratio of each guotient to that for the
corresponding peak in the standard and thence its individval concentra-
tion in the sample, and finally to add up all the concentrations for
peaks in the range of inter =st tovdetermine the total PCB present. Even

with use of a computaer to perform the calculations, this would be a

fairly laborious procedure, and has not yet been applied to our chromato-

grams. However, until it is done, at least on representative samples,
we cannot be sure whether the serum "Aroclor 1242" values, as con-
ventionally reported, really do correspond fo acceptable measures of
absolute serum LPCB.

" Meanwhile, we are proceding with various clinical studies and
epidemiclogical corrélations as dgscribed in later sections of this
report. In all correlations made and described to date we have used,
as measures of serum PCB levels, the 1979 values for "Aroclor 1242,"
"Aroclor 1254," and "Aroclor 1260" exactly as reported to us by Ral-
tech. 1If and when it becomes possible to refine these somewhat ambi-
guous measures of PCB levels, we shall rename the parameters used,
probably to something like LPCB and HPCB, and recalculate the data as

required.
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8. Serum PCB Findings

The reported distributions of serum Aroclor 1242, 1260, and
DDE in our heavily exposed study population (Group 1) is displayeé”
in Figure 8~1. It is seen that the data are log normally dis-
tributed and have approximately the same slopes on the cumulative
percentage plots, indicating similarity in the standard deviations.
Statistical descriptors of such data distributions_for this study
group and the cut-of-state controls (Group 3) are summarized
in Table 8-l.

In summarizing the 1976 data for DDE, where nearly 50% of the
values were reported as € 1 ppb, we used the maximum likelihood
technique for modelling censcred data (Section 14, below). The
1979 data for DDE Groups 1 and 3 exhibited arithmetic means of
13.1 and 14.4 respectively. These are shown in Table 8-2 to be
similar to other DDE background value reported in the recent

literature.
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TABLE 8-1. SUMMARY OF SERUM PCB AND DDE MEASUREMENTS
ON STUDY AND CONTROL POPULATIONS

Lognormal Distributions Normal Distributions
log log  Geometric - .
N X S Mean X S
(ppb) {ppb)

Study Population (Group 1)

Aroclor 1242
1976 184 2.18°  0.50 150* 283" 386
1979 172 244 048 276 458 486
Aroclor 1254 ,
1976 184 0.92* 0.40 8° 12.5° 12.9

1979 172 1.76 0.46 58 100 122 B
Aroclor 1260 : o

1979 144 1.53 0.44 34 56 64
p-p DDE

1976 166 <0.24° <l.8* <2.5°

1979 172 1.00 0.34 10 13.1 10.6

Control (Group 3)

Aroclor 1242

1976 18 1.06° 0.07 11.4° 11.5° 1.9

1979 18 083 021 6.7 7.6 4.6
Aroclor 1254

1976 18 0.25° 0.15 1.8° 1.9° 0.7

1979 18 113 0.23 13.4 15.5 9.9
Aroclor 1260

1979 18 097 0.29 9.2 12.1 11.9
p-p DDE

1976 16 <0.19° <15 <16

1979 18 103 037 10.8 14.4 100

*The analyst has recommendced that we disrcgard these data
until the source of the error in the 1976 Aroclor 1254
and DDE daia has been ideniified.
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TABLE 8-2 REPORTED p,p’-DDE LEVELS IN HUMAN BLOOD

Doguchi & Fukano (1975)
Curiey & Kimbraugh (1969)
Dule, et al, (1966)

Wolff, et al. (1978)

 Morgan. et al. (1972)
This Study (1979)

p.p-DDE, ppb N
(Arithmetic Mexns)

1.2 £ 4.5 14
130+ 1.5 10
1.4 = 2] 10
25.7 % 4.3 10
198 = 4.1 10
129 = 119 524
114 £ 74 55
214 = 18.) 56
87 (50 - 145) 10
13.1 = 10.6 170
144 £ 170 18

Whole Blood

Plasma, females

Males, whole blood. no occp. exp.
Plasma

Serum

Dairy farmers (Michigan) serum
Farmers (Wisconsin) serum
Chemical workers (Michigan) serum

res'icide workers, plasma

Capacitor workers (Upstate, NY) serum

Offi. =r worke:z (Connecticut) serum

ER
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The distributions of the 1979 serum PCB levels among various sub-
populations were also examined. Small, statistically insignificant
differences in geometric mean values were found between the two plants,
with slightly higher levels at Hudson Falls than at Ft. Edward
(Aroclor 1242, 311 vs. 253 ppb; Aroclor 1254, 98 vs 42 ppb.) Females
had slightly higher serum values than males, as expectéd because of
their longer average Servicé times and their participation in highly
exposed jobs. Sal-ried administrative perscnnel generally had serum PCB
lévela in the lower deciles. The mean levels in the various em-
ployee subpopulations dg&ined in Section 5 are listed in Table 8-4.

This Table shows that 1879 serum Aroclor 1242 levels were sig-
rifantly above background levels for all worker groups in the plants,
iﬁcluding those employed since discontinuance of PCB use in 1977.
Those assigned to study g£§up 1l (direct exposure in 1976) subgroups
L and M (low and medium exposure) proved to be statistically in-
distinguishable from each other, and hence were lumped together. The
geometric mean levels for plant employees with no direct exposure,
with low to medium direct exposure, and with heavy direct exposure were
50.4, 179, and 676 ppb, respectively, corresponding to 7.5, 25.7, and
101 times the levels in the controls.

The 1979 serum Aroclor 1260 levels were above background in the
directly exposed groups, again with significant differences between
those having low-medium vs. high exposures, but not significantly above
background in the employees with only indirect exposure or those em~
ployed since 1977. (Table 8~4) This may indicate that uptake of the
\\mofe highly chlorinated (and hence much less volatile) Aroclors re- '

guires direct physical contact.

77
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TABLE 8-4 1979 SERUM PCB LEVELS OF VARIOUS
HUDSON FALLS-FT. EDWARD WORKER GROUPS

78

Net Accumulation
Rate (ppb/yr)

Aroxlor 1242 Arocior 1260 (Over Background)
In-Plamt Ratio in-Plant - L ET
Ciroup GM  Service N [ GM  Secrvice N tos Aro 1242 § Aro 1260
No. ppb Yrs Background | npb Yes Haud pennd

No Exposure J 6.7 0 I8 1.0 9.2 [} 23 1.0 0 0
{Non-plant
control)
Employed, not 4 0.4 2.6 iR 18 1l 236 111 1.0 1.85 {0
Occup. Exposed® e
Low Exposure® 1 179 16.3 102 289 26 t6.6 [T 2.6 106 {096
. Continuous at () \

zone periphery
L4 Short, irregular (M)

high exposure
Ezxposcd Pop. } 269 16.5 147 39.2 3 16.8 123 3 15.9 [
Meun®
High Exposyre® } 676 17.0 45 10} 59 174 37 59 54 .82
L4 Continvous in (M)

expusure zone
*Asumes continvous employment in eapuscsl johx )
Empioyed since PCB ) 283 2 16 a2 7.8 2 16 1.0 i0.3 [
Ban: Works in .. ’
trest ares® i

** Average sres ait level (1778 - 12/80) = 513 up/m®
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9. Calculations of the PCB Body Burden
In this Section we shall describe and explain a method for
calculating the total body burden of PCBs, using only the sorts
of data already described. This method is based on the assertions
that: (a) the concentrations of PCBs .in adipose tissue fat can
be calculated from data on serum PCBs and serum lipids; (b) the
total mass of fat in the body can be estimated from body weight
and age, using the empir: :al relations given by Moore; and (c) the
total mass of PCB in the body may be calculated as the product of
the PCB concentration in the fat multiplied@ by the total mass .of
fat present. These assertions will be discussed in turn.
A. Distribution of PCBs Between Blood and Adipose Tissue
Virtually all of the PCBS and other nén-polar halogenated
hydrocarbons present in the body are found to be localized in adi-
pose tissue. When various organs are examined individually, the
chlorocarbon concentrations are found to be guite closely propor-
ticnal to their lipid contents,vexcept in the case of brain tissue, -
which is predominantly phespholipid. It has been found, however,
that this discrepanc§ may be removed and the correlation between
chlorinated hydrocarbon levels and lipid contents of various organs,
including the blood, be further improved if the lipid content be
expressed as "extractable lipid" (which includes the weakly polar
triglycerides, cholestercl, etc. but not the strongly polar phospho-

lipids). The "extractable lipid" contents of various adipose tissues
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examined during the course of -chlorinated hydrocarbon distribution
studies were 74:17 percent (1). Such correlations have led to the
conclusion that these chlorinated hydrocarbons, which are character-
istically water-insoluble, lipid-soluble species are primarily
localized in the non-polar (non-structural) lipid domains of adipose
tissue, and at least in equilibrated individuals, are to be found at
equal levels in all such lipid domains. This conclusion has led, in
turn, to the practice of expressing the results of analyses ~ ¢
adipose tissue for species sﬁch as PCB's in terns of ppym relative to
extractable fat, rather than relative to total tissue weight.

Within the blood itself, considerable evidence indicates that
PCB-like species are carried by the serum lipoproteins within their
non-polar (lipid) domains (2). They are.probably not carried by
the short-lived chylomicrons, as evidenced by studies on p,p'-DDE
by Morgan et al (3). Only 3-5 percent of the radiocactivity following

labelled PCB injection in rats is associated with the red cell (4)

1. Morgan, D.P., and C.C. Roan. Chlorinated Hydrocarbon Pesticides
in Buman Tissues, Arch. Environ. Health 20:452-457 (1%70).

2. Skalsky, H.L., Fariss, M.W., Blanke, R.V. and P.S. Guzelian.
The role of plasma_proteins in the transport and distribution of
chlorecone (Kepone®™) and other polyhalogenated hydrocarbons.
Ann. N.Y. Acad. Sei. 320: 231-237, 1979.

3. Morgan, D.P., Roan, C.C. and E.H. Paschal. Transport of DDT,
DDE and Dieldrin in human bloecd. Bull. Environ. Contam. Toxicol.
8: 321-326, 1972.

4. ©PCB Poisoning and Pollution. Ed. K. Higuchi. Academic Press,
New York 1%46.
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and such activity could be due to the serum still adherent to the
washed cells (1). Thus, for chylomicron-free blood (taken from a
fasting individual) we should expect the PCB level in the lipid
domains of the serum lipoprotein molecules to be egqual to that in
the lipid domains of the adipose tissue, and hence the PCB distribu-
tion between adipose tissue fat and serum to be determined by ;he
concentration of the appropriate lipid domains in the serum.

The reported adipose tissve fat vs serum distribution coefficients
for halogehated hydrocarbons all seem to cluster near 300. The
data of Karppanen and Kolho (5) for PCB in Finnish capacitor workers
averaged 312; for PBB Landrigan et al (é) calculated 362.8; for
p,p'-DDE a value of 209 has been found (1l).

Wolff et al (7) investigated adipose tissue-serum partition
for various PCB isomers. The lowest partition was found for the
2,5-chlorine substitutions (<100). PCB congeners with 3,4-0r2,3,4-)
chlorine substitutions on one or boih biphenyl rings or with 2,4~
(or 2,3,4-) substitutions oﬁ the opposing ring had partitions from

100-1%0. Partitions greater than 200 were found for congeners with

5. Karppanen, E. and L. Kolho. The concentration of PCB in human
blood and adipose tissue in three different research groups. In

PCB Cecnference II, Stockholm, 1972. Nat. Swedish Environ. Protection
Board Pub. 1973: 4E:124-128.

6. Landrigan, P.J., Wilcox, Jr., W.R., Silva, Jr., J. et al. Cohort
study of Michigan residents exposed to polybrominated biphenyls:
epidemiologic and immunologic findings. Assn. Ann. N.Y. Acad. Sci.
320: 284-294, 1979.

7. Wolff, M.S., Fischbein, A., Rosenman, K.D. and I. Selikoff.
Comparison of polychlorinated residues in humans with varying expo-
sures. 182nd Annual Meeting ACS, New York, Aug. 198l1. Abstract
pgs 170-171.
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2,4~ (or 2,3,4-) chlorine on both rings or in 2 compounds with 4-
substitution on one ring. The low partition coefficients found

for the 2,5-substituted and certain other iscmers were attributed

to the very rapid metabolism of these iscmers in the liver, leading
to incomplete equilibration with the fatty tissue. For the majority
of the isomers present in the capacitor workers bodies, the adipose
tissue/serum ratios were above 200, again corresponding to about

300 in adipose tissue fat/serum ratio.

The individual data points used in determining PCB distributicn
coefficients are shown in Figure 9-1. The data from Wolff (to be
published) were determined by capillar? gas _chrdx;atography; they
are plotted using clesed circles for L-PCB and open circles for
H-PCB. The data of Karppanen and Kolho (5) are the solid squares.
Two data points due to Incue (triangles) were taken from Wasserman's
tables (8).

Figure 9.1 presents the entire data on log~-log coordinates,
but Wolff found that her own data were better described by the
linear regressions

B-PCB: Adipose FCB = 2.37 + 0.192 Plasma PCB (r=0.70; n=26)
1~pCB: 2Adipose PCB = 6.3 + 0.183 Plasma PCB (r=0.98; n=25)

8. Wasserman, M., Wasserman, D., Cucos, S., and J. H. Miller. World
PCB Map: Storage and effects in man and his biological environment
in the 19708. Ar!no NOY- Acad. SCi. 320: 69‘124' 19791
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In Figure 9-1 all the data are for individual cases. The use
of arithmetic means of population data produce spurious relatiens
because of serious skewing of the distributions.

Now, if PCBs be distributed equally throughout the available

lipid pools of the body, then at equilibrium:

Adipose Tissue PCBs = Serum PCBs

Adipose Tissue Dilutable Lipid Serum Dilutable Lipid

where bthe termf?éilutable lipid"” has been used to designate the
mass of the lipid domain available for dilution by PCB (e.g. until
the PCB has reached the same concentrations in all such domains).

In Figure $-2 the data of Figure 9-1 are used to calculate.
this "serum dilutable lipid" (which turns out to be numerically
equal to the recipz:ocal of the partition coefficient previously
discussed) for each individual data pair. The mean value fourid
was 297 mgms/100 grams. The rggressicn curve with 95 percent
confidence limits is also shown. The slope of the regression is
not significantly different from zero, indicating the apparent
size of the serum dilutable lipid phase to be independent of the
level of PCB present.

In order to determine how the levels of this serum PCB-dilutable
lipid might compare with those of the more conventional serum lipid
measurements, we examined the varicus lipid levels in each of our
population of 194 directly-exposed capacitor workers, and also the
dependence of such lipid levels on the measure of PCB activity (i.e.,

chemical potential) that would be provided by the ratio of the serum
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PCB level to that of that particular lipid. The results are shown in

Figure 9-3. It was apparent that there were no significant trends
.with respect to the more plausible measures of PCB activity, and
hence that the overall average lipid levels could be taken as meaning-
ful, PCB-independént parameters. These overall mean levels (all in
mg/100 ml) were 573 for total serum lipids, 350 for the sum of serum
cholesterol plus serum triglyceride when cases of hyperlipidemia

were included, or 318 when they were omitted, 219 for serum chole-~
sterol; and 131 for serum triglycerides. Quite obvicusly, the sum of
;'serumjﬁriglyceride plus cholesterol (318 mg/1l00 ml) proviﬁed the

best empirical measure of the average size of the PCB~-dilutable lipid
microphase (297 mg/100 ml). This is as would be expected on chemical
grounds, since it is known that the triglycerides, cholesterol, and
cholesterol esters (repo-ted together as "cholesterol®" in the analysis)
are present as an essentially liguid microphase in the micelle-~like
lipoproteins, whereas the qther constituents of "total serum lipid,"
such'as the free fatty acids and the phosphelipids, are present in
more highly organized structures that would be less likely to accom-
modate the bulky PCB molecules.

Having cbnclﬁded that the sum of serum triglyceride plus serum
cholesterol presents an empirical measure of serum PCB-dilutable
lipid, we can use-this guantity, plus the measured serum PCB level,
to calculate the adipose tissue fat PCEB level according to the above
eguation for any individual on whom we have data on serum triglycerides,

>

cholesterol, and PCBs, Fig. 9-4 shows the calculated adipose tissue
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Figure 9-4. Distributions of Calculated Adipose Tissue Fat PCB Levels 88
in Directly-Exposed Capacitor Workers (Study Group 2).
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fat PCB levels thus calculated for our Study Group 1l plotted on cumu-‘
lative percentage coordinates. The data were found to be log normaily
distributed with a geometric mean of 74 ppm, and a.range of values
(5th to 95th percentile) of 14.4 to 379 ppm.

Discussion

To a first approximation, the correlation of the "serum PCB-
dilutable lipids”™ with the sum of the triglycerides plus cholesterocl
is biochemically plausible, and consistent with the fact that brain
tissue (moéily organized phospheciipid)does not pick up chlorinated |
hydrocarbons the way adipose tissue does (1).- We suspect, though
that a more precise measure of the "serum PCB-dilutable lipids"
would probably consist of som: sum such as triglycérides + x cho-
lesterol + y phospholipid where X might not be exactly 1.0 and y
might not be exactly 0.0. In order to define the parameters X and y
it would be necessary to have data of tissue fat PCBs, . serum PCEBS,
serum triglycerides, serum cholesterol, and serum phospholipids on a
large number of individuals, and then perform a multiple regression
anaiysis. It is unlikely; however, that the resulting refinements in
the calculation of tissue fat PCB levels from serum PCBE levels would
remove more than a small fraction of the imprecision contributed by
the latter data. TFor the moment, we have an empirical method for
calculating adiposé tissue fat PCB levels that can be shown to give
the right resﬁlts on the averaée, and have no basis for helieving
that it should give seriously inaccurate results for any individual
where there has been adeguate time for equilibration of the PCB body

burden among the various lipid compartments.
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We should also point out that since PCB is predominantly carried
within liquid lipid microphases in the body, the only meaningful
measure of its potential for chemical and pharmacologicﬁl activity is
its concentration in such phases, not that in either the serum, indi-
vidual ﬁissues,'or body as a wﬁole. Thus, the calculation of tissue
fat PCB levels provides us with a parameter that can be used not only

in calculations of total body burden, but alsc in studies of the cor-

rclations between body PCBs and ubservable medical phenomena.

“B. Calculation of Tccal Body Fat

The study of body composition, in particular the measurement of
total body fat, has empioyed a wide variety of approaches. These
include cadaver aralysis, determinations of body density, those of
total body water, combined densify and boéy water determinations,
absorption of nontoxic fat-soluble gases, whole body counting of

radicisotopic potassium (K4°

), measurement of multiple parameters by
diluticon techniques, measurément of subcutaneous fat by roentgeno-
graphy, and caliper measurements of skhﬁéhd thickness. Because most
of the methods considered best are technically complicated, and demand
skilled personnel and equipment only available in special laboratories,
they are not suitable for public health studies dealing with large
groups of people. For this reason much attention has been devoted to

the development of skinfold thickness measurements, which have re-

sulted in an extensive literature (9,10,11,12).

9. Grande, F. Assessment of Body Fat in Man. In Obesity in
Perspective. Proceedings of the Conference. Ed. G.A. Gray et al.
U.S. Printing Office. Stock No. 017-053-00046-9, pg. 189-203.
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In our study skinfold thickness was not measured. In order to
calculate body fat we have used the empirical equation developed by
Moore et al (13) based upon total body water (TBW) measurements.

These relations are as follows:

Males: %—%‘}t x 100 = 79.45 - 0.24 (B.Wt.) - 0.15 (Age)
TBW .
Females: Ewe X 100 = 69.81 - 0.26 (B.Wt.) - 0.12 (Age)

where body ﬁeight is in kg. and age is in years.

For the well-hydrated subject the fat-free body weight (FFB) is

FFB = TBW
0.732

based on the assumptions that fat is anhydrous and that the lean body
is 73.2 percent water.

Body fat (kgs) is given by:

Fat = B.Wt - FFB
A basic premise of the calculation of body fat by this method is

the assumption of adeguate hydration in the individual. Sodium,

10. Keys, A. and Brozek, J. Body fat in man. Phys. Rev. 33:
245-325, 1953.

11. Steinkamp, R.C., Cohen, N.L., Siri, W.E. et al. Measurements of
body fat and related factors in normal adults. I. Introduction and
Methocdology. J. Chron. Dis. 18: 1279-1289, 1965.

12. 1Ibid. II. A simple clinical method to estimate body fat and
lean body mass. J. Chron. Dis. 18: 1291-1307, 1965.

13. Moore, F.D., Olesen, K.H., McMurray, J.D. et al. The Body Cell
Mass and its Supporting Environment. W.B. Saunders Co., Philadelphia,
1963.
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potassium and chloride levels in our subjects were generally within

normal limits. Serum osmolality was calculated using the relation

(14):

[BUN] [Glucose]
2(Serum [Na) + [K))+ =g- *+ 5

The mean value was 294.2 mOsm/kg.water,which is within normal limits.
A plot of bsmolality vs. serum Na concentration (mean 13%9.5 mEg/liter)
is shown iﬁkrigure 9.5,
Siri (15) has described the analytical errors applicable to ﬁhis
7ﬁ¢51culationi@£ body fat. (+ 3.6 percent of *otal body weight) The
total body water results of Moore et al. indicate 95 percent confidence

limits as + 15 percent »f the mean. Moore et al point out that a

linear regression between body weight and body fat underestimates fat T

at both low and high body weights. The parabolic expression given
above satisfies the reguirement that fat be present even at very low
body weights (unlike linear regression which has a negative body fat
intercept) and that fat increases disproportionally rapidly with in-
creasing body weight, which conforms with clinical experience.

Figure 9-6 shows body fat in our population as a percent of body
weight on cumulative percentage coordinates. The mean value is near
28 percent with a range of 19 to 38 (5th and 95th percentiles). The
mean is near Moore's normal range for the average body weight and age

of our population.

14. Merck Manual, 13th Ed., March & Co., Rahway, N.J. 1977, p. 1184.

15. Siri, W.E. The gross composition of the body. Advan. Biol. and
Med. Physics 4:229-280, 1956.
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In a comparison of various methods with his procedure,
Steinkamp et al (11,12) found significant correlation coefficients
which varied between 0.707 and 0.956 in the five subject groups
studied. The Moore method compared favorably with other procedures
based on anthropometry.

C. Calculation of PCB Body Burdens

Knowing that virtually all the PCE in the body is sequestereé
in fatty tissue, and having develcped procedures for caiculating
both the ratio of PCB to fat in such tissues and also the tctal amount
of fat in the body, we have only to multiply the last two of these
parameters to determine the total amount of PCB in the body. This

can conveniently be done from the primary data using the eguation:

PCB Body Burden (grams) = Serum PCB(ppb) x B.wi(kgs) x 0.1024
Serum tri + chol( mgms )
00 ml

The factor 0.1024 corrects the serum lipids to grams/gram and the

other units to grams.

Figure 9.7 shows the range of body burdens for the lower homologs
fas Aroclor 1242) in the study population for 1979.. The data were
found to be lognormally distributed with a geometric mean of 1.53
grams and 5th and 95th percentiles at 0.26 and 9.1 grams. The highest
value was 22 grams, the lowest near 0.04 grams. The geometric mean
for the higher homologs (as Aroclor 1260) was 0.02 grams and ranged
between 0.004 and 0.13 grams. 1In contrast the mean body burden in the
control population (Group 4) was 40 mgms for Aroclor 1242 and 55 moms for
Arcclor 1260.
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Discussion

Assuming equilibration of the PCB in the body, there are still
four known sources of error in the calculation of PCB body burden
described here. 1In decreasing order of estimated importance, these
are:

(1) Ambiguity in absolute amount of lower PCBs corresponding
to that analytically reported as serum "Aroclor 1242." There is a
smaller ambiguity in the absclute amount of higher PCB's corre-
spoending to "Aroclor 1260."

(2). Imprecision in individual measuremenfs_of serum Arocler
1242, 1254, or 1260.

(3) 1Inaccuracy in the estimates of total body fat by the Moore
eguation.

(4) 1Inaccuracy in the estimate of serum PCB-dilutable lipid
as the sum of serum triglyceride and serum cholesterol.

The importance of error sources (3) and (4) is believed to be
small in relation to (l) and (2), as already indicated. Source (2),
of course, is of major concern in the appraisal of single measurements,
but not in that of multiple measurements or group averages: Source
(1), the ambiguity resulting from the comparison of a few peak heights
in gas chromatograms of partially metabolized PCBs with those in
unmetabolized standards, has not been resolved at this time.

It is our present opinipn, though, that the values of lower PCB body hurdens
calculated from ocur available Arocler 1242 data, and reported in Figure 9-7,

11.2336
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represent upper limits on the guantities of lower PCBES actually
present as body burdens in 1979, but lower limits on the total gquanti-
ties taken up during the preceding periods of exposure. Conversely,
we suspect that the "Aroclor 1260" levels may somewhat understate the
actual burdens of higher PCBs. .
ﬁven with such caveats as to the certainty of the data, they

contrast strikingly with the estimates of PCB body burdens and uptakes
reporteé by sthe Japanese investigators of the 1968 Yusho episcde
(poisoning by a PCB-PCD™-PCD mixture, which we estimate‘Fo have cor.-
“tained 43-50% of undegraded Xanechlor 400 typelPCB{.( They estimated
that the minimum uptake reguired for the production of toxic symptoms
was 0.5 grams of the mixture, cdrresponding to 0.22~0.25 g. of the
PCB itself, and that the average victim had ingested 2.0 g. of the
mixture, corresponding to 0.88-1.0 g. of PCB. Scattered adipose
tissue fat PCB data obtained from the victims during the first year
after ingestion indicated levels of 13 to 76 ppm (4), corresponding
to body burdens of 0.15 to 0.85 g. (The total body fat in the Japanese
Yusho population averaged about 11 kg, or 20% of body weight; i.e.,
approximately one-half that calculated for our worker population).
Blood PCB levels taken five years after ingestioh indicated the body
burden to be in the background range (about 0.03 g.) 1In short, it |
would appear that the average capacitor worker in cur group had takeh
up at least twice as much PCB as the average Japanese Yusho victim, and
in 1979 was carrying a body burden that migh£ have been up to 50
times as much as that being carried by the Yusho victims 5 years

after exposure.
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10. Relation of PCB Uptake to Exposure

At present, we have no definitive information on the relation-
ships between occupational exposure and PCB uptake, but we do have.
several types of preliminary data indicative of the ultimate forms
that such relationships may assume. These will be presented in turn.

In Table 10~1 we show again the serum PCB levels for our differ-
ent study grours and call attention to the uptake estimates. ’These
have been calculated in two ways: as the ratio of the observed serum
geometric mean to the background (control) level and as the net accumu-
~lation (ppb/yr).

In Table 10-2 the serum Aroclor i242 levels obtained in 1979
for 121 employees are correlated with job exposure in 1975 as measured
by area air levels at the time of PCB use in manufacturing. During
the 1975 period area air levels of Aroclor 1242 in the workplace
varied from 200 to 2000 ug/m3 with a geometric mean near 700 ug/m3.

A substantial period elapsed between air and serum measurements, which
included the PCB ban, but the high body burdens, the potential for
continued uptake from residual PCBs and the apparent general re-
tention of significant serum levels (as measured in 1979) allow some
preliminary analysis.

Net uptakes for the job categories in Table 10-1 were estimated
as the ratios of the serum geometric means to the air levels. For
maintenance men, whose jobs invelve all areas of the planﬁ, the geo-
metric mean of all area air samples for the individual plants was

used. For maintenance apprentices and movemen, the area sample taken

99
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TABLE 10.1.

Serum PCB levels of Variocus Worker Groups

-

100

Net Accumulation
Rate (ppb/yr)
~ Arocior 1242 Arocior 1260 {Over Background)
1o-Plant Ratio {n-Plant Ratio :
Group GM  Service N 7 GM  Service N 10 Aro 1242 | Aro 1260
No. ped Yrs Backgrousd | ped Yrs Backgroond

No Exposure 3 6.7 [] i3 1.0 9.2 [] 1] 1.0 [] 0
{Non-plant
eonurol)
Empioyed, not 4 S04 26 11 7.5 113 2.6 18 1.0 185 |0
Oczup. Exposed®
Low Exposure® 1 179 163 102 8. 26 16.6 36 2.6 106  [0.96
. Continvous at L)

one penphery
L] Short, irregular (M)

high exposure
Exposed Pop. 1 269 16.5 1’ 39.2 a3 16.8 123 33 159 W97
Mean® .
High Exposure® ] 676 17.0 4, 100 59 174 k¥ 59 394 1382
L] Continuous in (M) -

exposure tone
*Assumes continuous employment in exposed jobs )
Empioyed since PCB H 213 2 16 3.2 42 16 1.0 10.3 0
Ban. Works in '
trest sreat*
*Avenge area sit level (1/78 - 12/80) = 573 ug/m? N

I 4
/

- T
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TABLE 10.2. Relation of Area Air Aroclor 1242 Levels to
Serum 1242 Levels for Various Job Categories

1979

Serum LPCB
N GM,
' ppb

large Capacitor
Salvage & Repair 12 449
Filling 6 - 708
Maintenance 31 252

Small Capaciter
Solder & Crimp 6 1176

Carrousel Oper. 9 447
Group Leaders 1l 207
Salvage & Repair 3 191
Maintenance 12 417
Maint. Appr. 5 237
Movemen 3 175
QC & Test 23 314

1878
Area Air LPCB
N GM
ug/m3
4 843
7 568
11 655 -
4 850
9 813
15 761
2 569
1s 761
1l 408
1 408
2 569

101

Serum LPCB

Air LPCB

0.59
1.25
0.38

1.38
0.55
0.27
0.34
0.55
0.58
0.43
0.55
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in the middle of the treatment area was used. The air values for
salvage and repair and quality control and test were taken as the
same.

Calculated total uptakes varied from 0.27 to 0.59 ppb per ug/m3
in the area except for two job categories, large éapacitor £illing
and soldering and crimping, where they were 1.25-1.38. If the aver-
age net uptakes for all other job categories (0.47 PPb per area ug/m3)
be considered primarily respiratory, the elevaiad uptakes in these
two jobs can probably be related ¢n dermal contact. .

In Section 3 it was noted th;t personal air samples were.ap-;
proximately 50 percent of the area air values. This correlation
suggests that for respiratofy exposure the ratio of serum to personal
air value is near 1 ppb/ug/m3. In terms ©0f net body burden this
would translate to 4-6 mgms/ug/m3 or (assuming.the average exposufe.
time to be roughly 10 years) about 0.5 mgm/ug/m3/year.

In order to examine the generality and precision of this corre-
lation, in Figure 10-1 we have plotted as solid circles the eleva-
tions in serum Aroclor 1242 above background for our directly exposed
worker subpopulations:; as sguares, the corresponding elevations in
serum L-PCE observed at the same plant by the Mt. Sinai team
(unpublished data kindly made available by M.S. Wolff); and as hexa-
gons, those in L-PCB observed at a different plant by a NIOSE team
(unpublished data from a draft report by A.B. Smith). 1In all cases,

the ‘air levels are given in terms of personal TWas. The box

11.2341
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Figure 10-1.
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Increments over Background in Serum Aroclor 1242 as

a Function of Personal PCB Air Level, for Three Capacitor Worker
Groups. .

BLOOD PCB] ,ppb

1000

100

-i
o

@ This study’ '
/s Data of Wolff et al.
O Data of Smith et al.

Log Alr {PCB, ppb

- 3.0
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encloses the observations made_in areas without direct occupational
exposure.

It is seen that the data as a whole are distributed about a
line of unit slope on the log-log plot, indicating simple proportion-
ality between the variables, and that the mean ratio is indeed 1 ppb
serum PCB increment for each ug/rn3 in the air breathed, or again
roughly 0.5 mg/ug/m3/yr. However, it should be noted that the
scatter in the data shown in Figure 10-1 is sizeable, and that they
do not provide clear evidence for dermal uptake.

In Smith's own examination of his data, hé concludaed that the
dependence of log(serum L-PCB) upon log(air L-PCB) was much smaller
than unity (as is apparent from the~distr;bution of the hexagons shown
in Pigure 10-1), and that there was no correlation at all between
log(air L-PCB) and log(serum H-PCB). The latter probably resulted from
the low level of occupational exposure to H-PCB in his pcopulation in
relation to the variance in the population background.

Turning from the mean intensity of exposure to the mean time of
exposure as a contributor to PCB body burden, we show in Figure 10-2
the 1979 serum Aroclor 1242 and 1260 plotted semilogarithmically
against service time for our entire study group. The Aroclor type and
period of predominant use are shown between the arrows. The mid;
points and termini of the vertical bars indicate the geometric means
and standard deviations for S-year groups. These 5-year geometric

means are replotted in linear coordinates in Figure 10-3.
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Figure 10-3. Dependences o; Serum ArocloLs 1242 and 1220 on Service
Time for Directly-Exposed Capacitor Workers (Group 1) (linear plot).
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It is apparent from Fig. 10-3 that the greatest rates of analyti-
cally reported "Aroclor 1254" or "Aroclor 1260" accumulation occurred
back in the early 1950's, during the period of greatest Aroclor 1254
. use, but that there was modest accumulation into the early 1970's,
presumably arising from the presence of same species reportable as
mAroclor 1254* or "1260" in the Aroclor 1242 then in predominant use,
and from the continued presence of Arcclor 1254 in the plant. Con-
versely, there was seemingly no increment in subsequently observed
accumulation of "Aroclor 1242" resulting from exp_ogufe in the late
1950's, but an accumulation that increased almost linea'rly with time
over the 1960-1977 pericd of Aroclor 1242 and 1016 use.

Discussion

Ideally, we should not be attempting to correlate serum PCB
levels with either mean exposure levels or mean service time, but
instead the total PCB body burdens with the sums of all time-exposure
products. At present, we are attempting to use the exposure cate-
gories of Table 10-1 to categorize all jobs into three groups
(indirect exposure only, low direct exposure and high direct exposure)
and then to develop a time line for each individual detailing the
number of months worked in each exposure category. Using the calcu-
lated uptake rates thus determined, a projected PCB level will be
obtained and compared with the actual valve found. In an initial
study with three subjects the agreement between preaictefi and ob=-

served levels appeared poor, but work is continuing. At the moment,

11.2346
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we are still not certain whether the considerable scatter in the up-
take data arises because of our difficulties in quantifying the past
exposures of our subjects, or because of individual variations in
clearance rates, which would affect the observable net uptakes. A
major reason for wishing to better quantify the cumulative update
from job code history alone, is, of course, to permit better catego-
rization of the exposures of the large numbers of mostly lightly
exposed individuals involved in ongoing epidemiological studies of
morcality, morbidity, and pregnancy outcome in the Hudson Falls -

Ft. Edw.~d employee population as a whole. |

What the available data do show, however, is that for the popu-

lation as a whole exposures to electrical grade PCBS can lead to net
accumulations of higher PCBs and at least some isomers of the lower S
PCB's that can go on for many years. To a first approximation, the
rates of accumulation are directly proportional to both the PCB

level in the environment and the time of exposure, as would be ex-
pected. However, these rates are modest (ca. 0.5 mg per ug/m3 in

the air breathed per year), indicating that sizeable accumulations of
environmental PCBS are not to be expected except in persons having
prolonged direct exposure, such as the capacitor workers involved in

the present investigation.
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11. PpCB Clearance

The present study has provided four observations from which order-
of-magnitude estimates of PCB clearance rates in PCB-exposed capacitor
workers may be made.

First, it is evident from Figure 10-3, that exposures to Aroclor
1254 that occurred 30 years before the time of measurement were still
clearly recognizable as incremental contributions to the total lavels
of "Aroclor 1254" or “"Aroclor 1260" measured in 1979. From this, it
would appear that the clearance rate for the highér PCB homologs in.,
“this population must be <5% per year.

Second, Figure 10«3 also shows that those individuals first em-
ployed in the 1960's, dQuring the period of Aroclor 1242 use, exhibited
levels of PCE measured as "Aroclor 1260" that were about 10% those
reported as "Aroclor 1242," despite the facts that Aroclor 1242 itself
bpontains only 5% of species reportable as "Aroclor 1260," and that
additional exposure to Aroclor 1016, which contains ne "Aroclor 12607
homologs, occurred in the 1970's. The simplest interpretéticn of this
observation is that about half of the "Aroclor 1242" (as meisured
relative to 1260) had disappeared over the preceding l0-year period,
meaning that, for those isomers used in determining "Aroclor 1242," the
clearance rate was NS% per year greater than that for "Aroclor 1260."

Third, limited 1980 data on heavily exposed individuals (Group 2) who
were included in tﬁe 1979 examination showed an average 1979-80 decline

of 7% in those isomers used for reporting "Aroclor 1242."

This number is too far within the limits of experimental
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error to have much significance. (Use of comparisons between our
1976 and 1979 data to indicate clearance rates is precluded by the
calibration error in the 1976 data for Aroclor 1254, and the con-
tinued exposure of the population to Aroclor 1016 during 1976-77.)

Fourth, the,  general appearance of the chromatograms, as noted
in Section 7, was quite different in the L-PCB region from that of
the Aroclor 124: standard: most of the L-PCB pe;ks had either greatly
diminished or disappeared completely. From this we may conclude thaé;
for some L-PCB isomer, the clearance rate may have been >100% per
year. | .

More precise estimates of clearance rates for the various PCB
isomers will -ot be possible until the 1979 chromatograms of the most —
recently emplcoyed perscns have been examined on an isomer-by-ﬁsomer
basis to determine disappearance rates of the more rapidly cleared
isomers, and additional data is collected over the 1§82-1990 period
to guantitate changes in the more slower changing species. However,
even the rough, order-of-magnitude estimates now available contrast
sharply with some of those reported in the literature.

The best available data on lower PCB clearance rates in animals
is that of Wood at Monsanto (l). Rats were fed diets containing
25 ppm of either Aroclor 1242 or 1016 for 30 days. During exposure
and recovery periods sets of 5 rats were sacrificed and fat tissue
samples were composited for each set. Fat was extracted and PCBs

detérmined by peak area and reported as ppm on a lipid weight basis.

1 .
Wood, D. Chlorinated biphenyl dielectrics - their utility and potential
substitutes. Nat. Conf. on PCB's, EPA-560/6-75-004, Chicago, Ill.

NOV. 1975’ pgo 317. M '
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Figuré 11-1 shows the results compared to those for a potential
substitute (MCS 1238). We replotted data of the recovery periods
from this Figure on semi-log paper and found them to exhibit the
kinetic characteristics of simple, first order chemical reactions
{Figure 11-2). This implies that all of the constituents of the
Aroclor 1242 or 1016 were clearing from the rats at about the same
rite, and that this rate could be characterized by a half-time of
22 ‘days.

Returning from raé to human data, a follow-up study (2) on
Japanese capacitor workers who had been exposeﬂ to Kanechlor 300 (a
Japanese eguivalent to Aroclor 1242, but which has also been reported.
to contain several ppm of PCDF) reported the half-time for clearance
from those workers exposed less than 5 years to be only a few months,
while that for workers exposed more than 10 years was 2-3 years. An
obvious question is whether such "half-times" represented the times
required for all of the PCB isomers to become half gone, or for half
of the isomers to become gone completely. If the latter, this report
would not be inconsistent with our findings.

The most striking - and most interesting - discrepancy is that
presented by the clearance of the higher PCBS from victims of Yusho
disease (poisoning with PCB-PCDF-PCQ mixture). Scattered early data
on adipose tissue PCB levels suggest that a rapid decling in PCB

-

levels occurred during the first year following ingestion; by 1973

2

Bara, I., A. Haruda, S. Kimura, T. Endo, and K. Kamano, Follow-up study
of condensor factory after use of PCB discontinued. Jpn. J. Ind.
Health, 1974, 10:365-6; 1975, 17:371-392,
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the blood PCB levels of the group as a whole were essentially back to

Japanese background levels (3). A similar pattern appears to be

- emerging in the investigations of the 1980 episode in Taiwan (4).

These observations imply a clearance rate constant for higher PCBs

of 1-2 yr-l for Yusho victims, in contrast to the ~0.05 yr-l for the

comparable isomers in the Hudson Falls - Ft. Edward capacitor workers.
Our proposed'explanation.fcr +his pattern of‘findings is that:

(a) the PCBs themselves may induce P450 type miféd function oxidases’

in humans, as we have already notec; (b) the PCDFs, bui not the

PCBs are effective in inducing P448 type mixed function oxidaseg in

humans, such induction being clinically manifested by chloracnecnic

symptoms. (¢) Many of the lower PCBS can be degraded by P450

oxidases; thus, since these lower PCBs can both induce P450s and

be degraded by them, a ready mechanism exists for clearing such lower

PCBs from exposed humans. (&) Many of the higher PCB¢ can be de-

graded by human P448 cytochromes, but not the P450s. Thus, since

the PCBs do not readily induce P448s in the human, no effective mech-

anism will exist for oxidatively degrading the higher PCBsS in an indi-

vidual exposed to PCB alone. However, when a person is exposed to a

PCB~PCDF mixture, induction of P448 will occur, and substantial PCB %

clearance will result. In short, the very slow clearance of PCBS in

capacitor workers may be explicable on exactly the same basis as the

3. " Kuratsune, M., Y. Masuda, and J. Nagayama. Some of the Recent
Findings Concerning Yusho. 1In: Proceedings of the National Conference
on PCB's. November 19-21, 1975, Chicage, U.S. Environmental Protec-
tion Agency, EPA-560/6-75-004 (1976).

4. PCB Special Poiscning Issue, Clinical Medicine (Tapei) 7, No. 1 _
(198l1). - .
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absence of chleoracne. This clearance pattern in ordinary, non-
lactating adult humans apparently differs in several respects from
that in the rat, where Aroclor 1254 is well known to induce both
P448 and P450 oxidases, and where there is very rapid and complete
clearance of all lower isomers, but where the higher PCBS can be

fairly persistent, aespite the demonstrable induction of P448. 1It

115

also differs from that in the lactating woman, where it has been found -

that about half of all*thevPCBs present, higher and lower homologs

- alike, can be secreted in undegraded form in the milk about every six
months (5). What all this suggests is that most of the capacitor
workers' PCB body burdens are likely to remain with them the rest

of their lives, as inert trace constituents of their fatty iissues,

neither inducing harmful oxidase enzymes nor being affected by them.

5.

Yakushiji, T., Watanabe, I., Kuwabara, K., et al. Long-term studies
of the excretion of polychlorinated biphenyls (PCB's) through mother's
milk of an occupationally exposed worker. Arch. Environm. Contam.
Toxicol. 7: 493-504, 1978.
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12. (¢linical Findings

A, Bsckzround

In 1975, prior to the present study, a review was conducted of
curreat medical reocords covering a period of approximately five years,
Employee census at the time was between 1500 and 1800. The following
information was obtained oz employees mot occupationally exposed to

,PCBs.

1. Ope hundred and twenty—-smine (129) employees had preseated
themselves one or more times with ome or morc o? the Qynptous
of dizzipess, nauses or headache from mop—-industrial causes
such as viral gastrocnteritis, mervous teansion, inaer ear

problems, bypertession, infectiom, etc. (7.8%).

2. Twenty—six (26) employees had complaints of non-work related
eye irritations or infections such as allezgies, conjunc—

tivitis, blepharitis, styes, etec. (1.6%).

3. Férty-eight (48) employees reported respiratory complaints or
diaznoses.vhich were not work-related such as cough,
sipusitis, rhinitis, hay fever, asthma, bronchitis, pneumonia,
etec. (2.9%). Two employees were removed from welding fumes

becasuse of the possibility of aggravation,

4. Seveaty (70) employees presented with skin irritations or der—
matitis (4.2%), Sixteen (16) of these were occupationmally
related to the following substances: piint, Xerosene, flox,

cutting oils, alcohkol, scetone, Fuller’s earth, oakite, Teflon

116
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Delrin milling chips and weld flash, Fifty-four (54) were not
related to the employee’s work. They were diagnosed as fungal
infection, eczema, insect bites, abscesses, drug reactions,
nerves, scabies, athletes’ foot, pityriasis rosea, chronic
scne, psoriasis, impetigo and allergic reactions to cosmetics,

detergents, leather, paint, poison ivy and other plasnts,

At the same time & review of tle previous 15 years’ medical records

of individunals occupationslly exposed to PCBS was conducted with par—

ticular attention to those removed fioom PCB work due to dermatological

of other complaints,

1.

Forty-sinme (49) isdividuals presented with allergic contact

dermatitis to PCBs or other constitunents of the compounded
dielectric fluid., This contact dermatitis cleared rapidly and
ususlly withount medication upon removal from exposure. One of
uvs (J.F.), the plant pbysician, has never observed a case of

chlorzacne in his 16 yelfs of experience at the plants,

Sixteen (16) subjects were removed from PCB exposure in the
15-year period becaunse of subjective symptoms suckh as nauseas,
dizziness, eye and nssal irritation and shortness of breath,
Most of the employees bad very short exposure (ome day to

3-4 weeks), There were so physical fiaéin;s and the symptoma=—
tology was attributed to odors and irritating tunej rather
thsn specifie toxic effects, Symptomatology cleared on

removsl,

11.2356
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B, Present Study

Ia the present study an Ristory and physical ezamination was per—
formed on 194 employees. In addition, laboratory data was obtained
including chest x-zay, ECG, pulmonary fumction, sn SHA~26 blood chemis-
tzy profile, hematology and urinalysis, as already described., The
entire group was examined in 1976 and agaiz in 1979. IJTan the interim

employees ve:é seen on & rotating basis as a2 part of continaning medical

surveillarce program,

Physical examination was unremarkable in these employees snd 2o
signs of chkluracne past or preseant was discovered. Iz particnlaf. pig-
mentation and thickeming of the skin, discoloration of the fingérn&ils

or ealargement of the Meibomiszn glands werc not poted.

Date from the medical histories has not yet been examined in detail
beyond simple tabulation, Findings are summmarized for each employee in

the Table appendices to this sectionm.

1, Dermatological Historvy

Sevesty—£five (75) employees (39 perceant) had 100 dermatological
findings in their medical history. These are tabulated in Table 12.1,
The plethora of reports perhaps arises becaunse of intemse questioaning in
this particular srea. Acsne reports could be traced to its occurrence in

sdolescence and no active scae was reported.

Enployees readily recognized the contact nature of most rashes
(fiberglass, chemicals, dirty gloves, watch straps, soap, etc.). One

subject had a rash related to the diel;ct:ic fluid., Two were clearly
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TABLE 12.1. DERMATOLOGICAL HISTORY

Table 12.1. Dermatological conditions in the medical history of 194 PCB-exposed capacitor workers
(Group 1). No cases of past or current chloracne were observed.

Rash
Single episode 8
Pyranol 1
Epoxy 2
Intermittent 4
Contact 12
Neurodermatitis 4
Psoriasis 5

Dry, scaling,

itching skin’ 8
Eczema 3
Hives 1

Seborrhea
Dermatitis 2
Sebaceous cysts 10

Infections
Boils I
Abscess
Ringworm
Athletes foot

Ko NN

Eye Complaints
**Granulating™" eyelids
Dry skin
Tearing at night
Redness
**Crowths,” cysts

(eyebrows)

Old Acne

Other
Lipoma
Pilonidal cyst
Basal cell
Hemangiomia
Papilloma
Mole
Cyst, finger
Alopecia areata

— o D) o=

~ o~

ot onn s e e N RS B
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related to epoxy exposure not related to dielectric fluid,

Many of the dermatological episodes antedated employment with the
first episode occurring during military service. Because most ;aployeez
bave had multiple industrial exposures arising from job mobility, the
nature of their work, e.g., #s maintenance men or in the unse of other
chemicals such as solvents, it bas been clearly difficult to relate

these dermatological findings specifically to PCBS.

2. Gastrointestinal Hist vy

The {indings from thu g;strointestinal histories are summarized in
Table 12,2, Data were reported as a physician's diagnﬁsis. prior sur—

gery or as complaints in 73 subjects,

Nine individuals reported episodes of jaundice, four of which
occurred during childhood and three as prior to employment, One case
during employment was related to gsllstones, Four subjects reported
five episodes of hepatitis only ome of which, in s salaried staff

employee, occurred dorisg employment,

The incidence of cholecystectony and food intolerance is presumably
related to the elevated serum cholesterol levels observed in this ;opn-
lation (Section 13). The incidence does not appear excessive (Fig-
ure 12.1). Although PCBS are detoxified by the liver and excreted in
the bile, these dats do not suggest serious hepatic or diliary dysfunc~-

tion,

11.2359



Physician's Diagnosis
Peptic Ulcer
Hiatus Hernia
Spustic Bowel
Diverticulitis
Intest. Obstruct,

Surgery
Cholecysicetomy
Hemorrhoids
Bowel Resection
Rectal Polyp

Complaints
Food intolerance
Burning
Nervous Stomach
Flatulence
Vomiting
Unspecified

Jaundice
Childhood
Pre-Employ.
Employ.

Hepatitis
Pre-Employ.
Employ.

TABLF 12.2. GASTROINTESTINAL HISTORY

Male Femaule Total
7 3 10
7 2 9
1 2 3
1 - 1
. 1 |
2 5 7
2 1 3
- l l
] - 1
6 { 7
3 1 4
2 1 3
1 1 2
- 1 1
4 - 4
1 3 4
2 | 3
2 - 2
2 1 3
1 - 1

121

Table 12.2. Gastrointestinal conditions in the medical history of 194 PCB-exposed capacitor work-
ers (Group 1). One case of hepatitis occurred in a salaried staff employee; of the two cases of
jaundice, one was related to gailstones.

-
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Autopey Prevalence, %

Figure 12.1. Auntopsy prevaleace of gallstones and gallbladder disesse
in Sweden. Gallblsdder disease was documented as chronic cholecys—
titis or presumed to be present 4f a cholecystectomy was done., The
greater prevalence of gallstones than gallbladder disease is cox-
siqteat with the view that gallstone formation precedes the
development o0f galldladder disease, From Lindstrom (1977), Repro—

doced from Hofmanzn, A.F. Harvey.Society Series 74, 1978, p. 26.

11.2361
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3. Neprological Histo

Fifty-four (54) employees mentioned one or more nenrological com
plaints for a total of 73 such symptoms. These are contrasted with the
complaints reported by Fischbein et al., in snother study of employees at
these plants (Tadle 12.3). In gemeral, fewer such symptoms were men~
tioned by our highly exposed group compared to the Fischbein et al.
volunteers, The most prominent complaints were hesdache and nervous—

sess.  Memory loss snu socmnolence were mot reported.

Of'those.reporting pevrological symptoms nine possible nssocicted:
conditions were reported one or more times. The interrelations are
shown in Table 12.4, For instance, of the 26 re,orts of headache,

6 individuals mentioned sinusitis, 3 mentiomed hnyfever or other
allergy, 5 were heavy smckers with shortness of breathk and morning
cough, 1 woman was menopausal, 2 had hypertension under therapy, 1 has
ASCVD, 5 reported their hesdaches &s migraine, 1 employee had petit mal
being treated by Dilantin and 9 subjects have or have had spastic colon
or ducdenal nlcer suggesting a broader psychosomatic basis for their
complaint. In 7 cases such associated conditions were not mentioned,

Of. the totzl headache group four were or had been on tranguilizers,

The relations of Table 12.4 suggest that the reported symptomatol-
ogy could be reasonably associated with intercurreat disease and/or life
stress. The nineteea cases for which nc sssociated condition was iden~-
"tified were genserally stated as oCCasional occu:reace§ sad were not

thought by the employee to be occupatiorally related.

11.2362
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TABLE 12.3. NEUROLOGICAL HISTORY

Table 12.3. Neurological conditions in the medical history of 194 PCB-exposed capacitor workers
(Group 1). The date from the present study were compared to the findings of Warshaw et al. on

a group of volunteer subjects at the same plants. Memory loss, fatigue and somnolence were not
found.

MALES FEMALES
Mu. Sinai Volunteers | Study Group | | M. Sinai Volunteers | Study Group ]
(N=168) (N=153) (N=158) (N=41)
No. % No. % No. % No. %
Heuadache 33 19.6 16 10.5 44 219 i0 244
Dizziness 16 9.5 8 5.2 22 13.9 3 7.3
Depression S 3.0 1 0.7 19 12.0 1 0.2
Memory loss 2 1.2 1 - - 13 8.2 - -
Fatigus 17 10.1 - - 36 22.8 1 0.2
Nervousness | 21 _ 128 14 9.2 | 49 31.0 8 19.5
,3, Sieepicssness 10 6.0 9 5.9 17. / 10.8 2 0.5
Somnolence 3 43 - - s 11.4 - -
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TABLE 12.4.

RELATION OF NEUROLOGICAL COMPLAINTS

AND ASSOCIATED CONDITIONS

125

~ Table 12.4. Relation of 73 neurological reports to 57 potentially associated conditions in 194 PCB-exposed capacitor

workers (Group 1).

Only 19 compiaints, characterized as **occasional,” were not related to this list of associa.

tions.
Psychoe
somatic
No. of Heavy : Vascular (spustic Towut
Neura Sinus- Smoking Meno-  ilypere Insulfic Petit  colon, Noasmo- | Trane Asso-
Complaints itis Allergy  (SO8, cough)  pause tension  ciency Migraine  Mal uicer) cistion | quilizers | ciations
Reporns of 1 4 S 2 3 2 s 1 1 T 10 19 24
Asxsi, Cond.
Hicadache 26 [ 3 ) 1 2 1 ] i L} 7 3
Dizziness 1 2 1 ] 3 ¥ 12
Depression § ! 1
Fatigue 2 2 2
Nervousness 22 4 3 I 4 ! L 5 7 12 px
Sleepiessncsy 3] 1 i 2 3 4 9
73 1] 13 3 7 h] 3 b] 2 19 19 0
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4, Other Svmptomatology

In the cardiovascular area there were 25 individuals who reported a
kistory of bypertemsion, most of whom bad had therapy. Because of the
reported association of serum PCB level with blood pressure, we bhave
assexbled the blood pressure readings made on our subjects but the anal-
ysis has not yet been performed. In onr population three individoals
have bad myocardial infarctions and two others show evidence of ASCVD. .
There are four reporti of rheumatic fever and onme of erythema nodosom,
There is one functicnal heart murmur, ECGS were consis :at with these

diagnoses or were normal,

There were 8 reports of kidney stones, onme congenital kidmey
obstruction treated surgically and four reports of kidaey infections,

Five bladder infections were reported and one benign vladder tumor.

Respirstory symptomatology and chest x-ray findings are reported in

relation to pulmonmary function studies in Section 14.

DISCUSSION

In the stndy of Fischbein et al, there was no significant correla-
tion between reported symptomatology and plasma PCB level or between
reported symptoms and duration of employmeat. A statistically signifi-
cant association was found between the E~PCB plasma levels and the der—

2

matological findings on physical examination (X" = 11,36, d.f. 4, p ¢

0.05). The stundies of Kreiss et al. 4id not address symptomatology.

1, Kreiss, E., Zack, M.M., Kimbroungh, R.D., et al., Association of bdlood
pressure and polychlorinated bipheayl levels. JAMA 245: 2505-2509, 1981,

11.2365
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Smith et al. have used logistic regression to model the relation
betwveen reported symptoms and serum PCB levels, The follbvin; symptom
histories were significantly associated with either serum log (L-PCB) or

log (BE~PCB) or both, in the presence of confounders:

log L-PCB log H-PCB

- xg- - xzo
Conghing onr job 5.05 3.87
or soon after work

.Ir:itated or baraing 7.66 11.29
eyes
Unexpliined loss 5.70 3.40
of appetite
Unexplained tingling 5.16 3.51
ia the hands

’
Skin rash oz 0.04 4.51

dermatitis

epr [x2 > 3.84) = 0.0

Maroni et al, reported 10 of 80 workers (13%) studied with acne aand
folliculitis of which three appesred to have activé chloracne, They
also reported five cases of dermatitis due to primary i:ritltive or
allergic sensitizing agents., In the three acne cases blood PCB concen~
trations ve:e’310—495 ppb (mean 450 ppb) but did not differ signifi-
cantly f:o; the concentration of another five mnaffected workers on the

same job., All cases occurred in one plant using Piralezme 3010 of Frenmek

11.2366
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manufacture, The other plant with no chloracne used the Italian prod-
uct, Apirolio., Both materials were 42 percent chlorine.(eqnivglent to

Azoclor 1242).

These investigators found hepstomegaly in 14 workers onm physical
exanination. None kad a history of excessive intake of alcohol or
drugs. Eight of this group complained of symptoms related to digestive
difficulties, Hepntdnegtly was found in both plants. Although others
have found biochemical changes [ .iver enzymes) sssociated with PCB luv—

els in bdlood, this is the first ieport of liver findings on physical
examination., Because of the xubjeétive qualitative nature of the palpa~
tion of the liver edge we believe these findings should be regarded with
caﬁt;on& ¥iile alcohol consumption was descrited sas '’‘not excessive,'’

gqusatitative dats wonld de helpful in comparing Italisn to U.S. workers,

The symptomstology reported by workers is perhaps the least reli-
able of the dats available for analysis., In the preseat study we hlie
not yet performed s formal regression analysis, In view of the diffi-
culties encountered by Smith et al. we suspect that the relatioans in the
end will be tesuous. Accordingly, most of the effort of this study has

been directed to the more objective biochemical aad physiclogical mea-

surements.

11.2367
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SECTION 12 - Appendix. Medical history and complaints reported during clini?cal examination of b..uuy'cl;roup )
Dy Age SKIN RASHES G SYHPTOMS HEUROLOGIC RESPIRATORY OTHER
None tione Nona lone 1951-L, Kidney Surgery-
Conp. Ohatruction
roo ( 73 1969-Surperv-Sgny Tissne
Nonae llteadachea-None Takes Valfum for [ilone 1969-Surg. R, Kidney Stone
' . Since Quit Smokinp~| Hervousness -~ : ii{atus llernta.
took ) 1970 S mg. prn
\ Hone INone [tona frene lemangioma 2"x4" L.Pectoral
(oo d X3 - Inferior Axillary Area-Cong
Fungus=-foth Rectal FPissure IMir.taine-Z.yrs. JSiighe "{atus Nernia
. Feet Fquapesic 1".1{31 Faver 1975-Septoplasty
. ' Tranquillizera Flec, Burns, Scalp -
ro0 o ~47 : N Plastic Surperv
llone [piarrhea = Mzzinean - DM |tone [riabetas Mellitus
. Srastic Powal (Prior to Dx,) Jaundice = Age 5
I Valium, prn 1964-Ren, Benign Polyp =
oo Insomnia = Aeeoc.. . Vacal ford
. 3 7 Tatigue & Nervous 1973-Manchester Repair
None Indipeation - Insornin-Necent S.0.0, = Relates ° |Achilles Tendon Repair-1949
: Relates to to Smoking : :
#o00é Iy lGronav Pandg
Neurodermatitis None None . Nona J.ﬂone
i . . |Since Service
Loe7? 37 __ l1962-1966
' [}
. Rash=Palm R,liand illcer-1976 None None 1945-Appendectomy
l A Superficial Skin Arthritis = Knees
. | * 2ad Peeling-Coman & 1975=-Rem, 1., Patella
;’“ " " leoes 1973-X1dney Stonea
4
Joo7 33 [nope Hone Mona e e flORG HNone
S 3 Tines in 9 yrs, |Indigestion - none Stnus 1056-Pilonidal fvat
/01 0 #$""  |cleasra_Spontaneons, [Goffac-Fried Fpen Acne Pits on Face
f Nona ' llllcnr;-llenled Ilypertension = Hona itypertension
'L Librium, 1974~1,, Kidney Stone
, ‘.’°” i | 1060-R, Tnguinal Verni
’ .- {Nona lrlnna lllone Nona 1964~Acute L, Pyelitis
;.fﬂz I - 1970-Fihroid
' ; .
' l .~ 11.2368 , 5
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COMPLAINTS

(
SKIN RASHES 1 SYMPTOMS {....RN.OGIC RESPIRATORY OTHER
Nlona Nona Mone lona 1932-Anpendectomy |
. 1973-Rem, BRenign Rladder
/o0¢3 53 Tumor
Mix. Paoriasis Hone Hone Yione 1951-Bartholin Cyst
2074 [ “Years Apo" .
None None NMzziness P.N. Drip~ 1956-L. Inguinal Wernia
Year Round :
/075" ; Allergy Shots -
47 - _J Years
None None None , jPrababla 1975-RBladder Infection
L Fmphvsema - CXR 1073-R, Inguinal Hernia
L r0l6 S __|196R-Pvorrhea
Fye Lid Cysts- None None Fmphysema -~ CXR [none
Rem, hy Rurning.
707 lix, Rash 197) =
7 “Z Cleared w/Treatment
) None llone No..e None 1970-Fx. L. Ribs, Facial
s00% 29 | I _ ' laceration-Auto Accident
lﬂ!9 4. None Hone tione None Porsal Osteoarthritis_ .
v None Hione Insomnia, 0cc. Hona 1974-R, Pituitary Tumor
. f1iatus Hernia
r020 39 Ohesity
None None None PN, Drip - Frequent Indipestion - .
roz/( 39 ' |Chronie Sinus In Service
8. Pimples-1971 None 1972-lleadaches~ Hay Fever-Pollens |1970-Appendectomy
Mervousnegs=No Rx. ’ Fatty Tunor off L. Arm
7022 Jo as Tecnaper
Neurodermatitis Hone None Prequent Colda- 1937-Appendectomy
. Pr, Wella-19%48- ' Stopped Smoking -
2013 53 Fvery 4-5 years, o 4 Mos, Ann
024 26. Hone Hlone Hone Mone 1965~Rupetured R, Far Drum
Hone Recurrent Indi- Hone Nene None
. rastion w/relicef
./025' 26 from food ~

7 Mleer.
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coM }I\INTS
1

SKIN PASIES 1 SYMPTOMS N uROLOGIC RESPIRATORY OTHER
DRIT AN ML LU S LT UM AL L83 ————
nce. "Itches" None . None lone Appendectomy - Child
Assoc, w/Merves 1950-Plastic Rem. Burn Scar-
Acute Psoriasis- ‘ Arn |
Joz b pr{ 2 1965 1974-n4C & Rem. Bilateral
Tubo=-0Ovarfan Mass J
None Peptic Ulcar-llealed jHendaches-Datril |S,0.R, After 1967-Ncaled Peptic Ulcer |
. Vonited w/Ulcer Hervousness= Flipght of Stairs Hiatus Hernia .
1027, ¢ Liberax _ Smokes 1.5 packs 1971-Hemorrhoidectomy
Oce, Insonnina for 3N vears
/1028 a5 None - Hone Hone iNone 1969-Surgerv Knee
. None Frequent Indi- Insornia - Illqne 1975-Healed WUlcer
/o9 27 gestion (Ulcer) |Takes livtol
o None Hone ‘ Nono Inone . {1974~Hypertension
230 I/ 195)=Mepatitis
c31 . R2 None Hone Hone ‘None None .
e lone None None lﬂone ’ M, I, - 1968
7032 e {atus Wernia
Occ. Atrma & Legs None Fnone Mone Hypertension
itching (Skin Dry,
/033 49 Scalev)
. lNone None Nizziness arsac, [Sinusitis Sinusitis w/Septal hefect
7034 35 w/ _TCE_Fxposure
Paoriasis - Hlands, [Rectal Fissure Hone Ilny Feaver~Allerpic [1973-fBladder Infection
Elbows . . : to Cats, Orass, :
1038 43' Rapgueed, Sinusitis
‘ Skin Nash - Hone [None , Hone Fone
1036 S5 Piherplass React,
: ' hry Skin = Winter |[Hone Dizziness -~ Vhen Jone Mone '
7237 26 ___ [Montha not_Vearine Glasscs
Athlete's Foot Hone : None Mone las henign, €unctional
/7038 37 . leart Murmur
Jo39 dé [None A Hone [None Mope None
mea tlervous Stomach Mona Hona 1946~-Jaundice
} . 1965-1., Disc -Removed
204/.0 ¥3 : ' 1074-G1 Series-Normal

11.2370 ~ S B
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. cCoM LAINTS i
SKIN RASUES GI SVMPTOMS NEHROLOGIC RESPIRATORY OTHER
01ld Acne & Pigment- Hone "ot Flashes ~ 7a Hloarse at Appendectomy ~ Are 18
ation of Face - Hennpause Timns = Sinusitis [Rheumatonid Fever - Ape 2R
Since Ape 20 Years Apo Fsns - Allerpic to Soap &
2o+t 57 Nair Spray
1966=Nlvaterectomy
Mone Assoc. w/huodenal |llone None Post Prandial Glucose-~134
llcer, 3 vrs, apon ilypertension
i 4 ] N » \
s04/3 = Prostatitis-15 years
142 2% Ihone tone None llone Hone )
‘}!ona Hone HOTT tone 1951-RF Arthritis, Arms,
. . Lenrs
a/yf
20 57 1062-Nivpothyroidism
Noils - llone Mona Sinusitis « Oce, 1966-Kidnev Stone (1 Side)
Sehaceous Cyst = 8.0.0, = Smokes 1968-Ringwvorm
s04s5 37 Rack 2 Packs Daily
. Mone 0Oce. Indipastion - |None None Hiatus Hernia
2o+6 ot 4 Food
' llone Hone Nizziness - jﬂltronic Sinusitis |1iatus llernia
. .‘ -\l ) S ] lndil 7} s
./oﬂff o/ tlti::vcs n.limn, kin Grafts - Lower l'eps
raAdy JJ’ one None JNn..c . hove Jaundice ~ Ape R
lllone Hone Nzzinass = Tuk.a [ nur & Colds Acne as Teenaper
Pavahid; lleadachen Skin Cyst Rem. Fronm 1.,
" SoNG 2 relicved since on Temple
: Pavahid TR in_Jcd_Crade
/090 24 [None llone Hone None Mone _
cc, ltching itione ltlone None 1975~Fatty Cyst L. Arm
t/Dry Skin - No 1957=0varian Cyvst R, Side
- Los/ 43 Ragh
fosz 77 fona Hone Nce, Insomnia_ _ _fMope None
Hone None one Hone (,1.-1975 (Ant. lLat. Wall)
10853 62 ilypertension
' khron:lc Permaticis [Maone 'None Mone |Chron1c Fczema NHands & Fee
1054 27 ervea-10 Yenrs ' :
Mone Mone ) I“maan ‘ Iﬂ)(ka-l'onnible . {None ‘
i - S Fmphrraena ~Smokas ‘ '
‘/os'f \ } k ) .. ‘!:Q‘f‘f-"'f‘:ﬂ"‘"\' . ~ N } t:
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\
SKIN RASHES T SYMPTOMS NEWLOLOGIC RESPIRATORY OTHFR
Seborrheic Hone None None . Recurrent Sub Acute Ch, .!
Eruption =Chest- Schorrhelc Fruption Since
/05k 32 flears in Summer Service 1965
tiona Nona lleadaches-Visrion- [Smokera Cough Vascular Insrufficlency ,
. Assoc. w/Vascular 1967-Indigestion-tow Normal
/057 g2 Insufficiency °.
Lasy 43 . lione None None Hone None
7059 3o . Nona Hone None None None "
JNonc Hone None CXR-Long Standing |(PF Normal)
; Chronic Pulmonary |? Nealed TBC or Healed
o
./ €o i Infection liistoplasmosis
[Hona Intnlerance to Migrainas Since Hone Talles Thyroid gr.11 for 2yrs
Fried Food, Coffas [Apa 10} Anxious, 1976-Kidney Gravel
NDeprassion] Nce, llvpertension-No Medication
Insornia - Pounding Heart w/Nerves
706/ 2 . [1947-Ahscesses both Rittocks
Allergy to Pepicillin
|Hone Indigestion - *lone Nona Hiatus Yernia
7662 2F Miiatus Nernia
Hona Stonach Pain -~ None None None
/7063 33 Herves
. none Hone None Ncec. Masal 1970-Jaundice Assoc, with
7oy Jo Stuffiness ICall Rladder Stones
, Hone lone - Mone None listory of Rash - 6 or 7
. Years Ago
7045 6 - 1974-Vagrectomy
/066 #6 . hlone lone Hone None {tone
None None Hone Nona l“ypertension—No Medication
7067 ¢ " (140/90)
20iy A7 INona lone Nce, Neadache Nce. Stuffiness None
None 1971=Rurning lteadaches (Tenaion [Pulmonary Imphysema [1971-llyperthvroid .
1081 ',7 Sensation imn for nast ] vears) |[llcavvy Smoker Since [1968-Rash on Roth Arms
Stomagl) Nerves Age 16 for 3 to 4 days

i

11.2372
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COMF AINTS ’
TN
SKIN RASIES GT SYMPTOMS HENINOLOGIC RESPTRATORY OTHER
None lone Nona tain Lesion-BLL 19710r1972~Inf, Sebaceous
(Smoken 2 pks, Cyst-R, Meck
7070 59 {dnilv for 40 vra,)
one Spastic Colon- jClains Nerves & cne Arthritis-Spine, Finpera
o rColltiaJ yrs, Neadachea Since 1072-Thyroidectonmy
207/ 53 Flec, Shock-=1974 1963~llvaterectomy
Oce, Itching on Hone Hone Mone 1067-Ahdominal Infury -
Arms-dirt, dust, Auto Accident -~ Torn
Some Chemicals -~ Intentine
24-48 hrs,.-Treated
s072 34 only by Skin Washing
: After Fxposure
Skin Ragh-1975 - V & D ahout once Nizzinesrs Assoc. |Mone Swellinp of Fye Lids in AM
Related to "Nirty [a Month-GI Upset w/Tachveardia (PAT) listory of Kidney Infection
[Cloves" « Yo Recurr) NHervous-Valium Years Apo
) 1974-Rem. RBenign Cyst of
. Rreaat and Back
R073 /6 1054~Partial llvsterectomy
Menopause
Hone "Nervour Stomach”  [Sinus Yeadaches - [Hone rh, Kidney Infection
2ory ¥$ inter 196A-Rhinoplasty
1073 3/ lone [Mone Mone Hone Il'nne
Clainms 1968 Raash one one None None
‘ Tips of Finpers-
7074 38 Mot Seen - Rash
linder_Watch_Strap
1077 47 " Inone Mone flong Mone Plone
Roils=7~-8 vrs.apo [Hone 'lone #’t:‘ment folds &  11974-S1light Hypertension
7078 25 ICyst of Meck - 0 Sore Throats nast’ [R.F, = Aqe 12
) vrs, afo J_vrs,
F!lone Mone Hipraine Veadaches [Mone Appendicitis-Age 22
i Insonnia-Menopause : fubal Lipation-Ape 27
12077 ‘ 57 1966-Nemorrhoidectomy
None Mona erin & P’o_or P.P.~Dentures [1935-Appendectomy
12 8 ¢ kR _ 1965~Cholecystectomy
Lodo o 5 i 2 1952-Fitroids, llvsterectomy
|toils~(Al1l my Life) hiona i"“{voun-l Mo, Aro 1075~Prostate “~fection

) v

.
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6T SYMPTOMS

A Y
NElROY.OGTC

PESPL UWiRY

i;;nne E

OTPER

Hild Psoriasis Freq. Indigestion [Hona 1964~Cholescystectomy
. L. Elbow & Knees Takes Rolaids 1961~Kidnev Stone
/092 St 1925-Prostaticis
_ fo83 29 None None None {Mona None
‘ Athlete's Foot None None lnoné\“ Palio « Age 4
10 84 3¢ p.F.
1085 50 None None Nce, Insomnia Mone 1972-Hemorrhoidectomy
None tione llone ‘ None 1968-~Thyroidectomy
- 1048, 1972-Benipn Cvsts fror
208¢ 53 Nreasts
None finlcer-1973; Hone llistory Fmphvsema |[General Debilitation
Intestinal Ohstruc~ ahout 1973 1970-llysterectomy
tion-1971 & 1975 itigtory Pneumonia, |[1971-Temp. Colostomy =
{llcer=1975 Chronic Bronchitis [Rowel Obstruction
2087 sy 1971-Rem, Portion of
. l.arge Intestine
1973-Chalecystectomy
? Sclerodormatitin {ttone lone Nlone P.Fe = low - llas Small,
J108F 55 (Rash Cones & Goes Thin Chast-lleavy Smoker .
- . for Years)
1972~-Roil, Arm & Mone Hone. Sinuafitis-Allergic [1972-Rem. Sehaceous (Cvst.
ro8y Y/ Rectal Area ta Cats, Dust, on L, Neck, Chin
_|Pntatoes
1967-1968-Noils in |[Indigesntion I-4 IMone fiome atuffinesn 1968-Intestinal Nlockage
. Service - R, lluttoclJ Times Monthly "When Patigued" from "Nerves" - After- .
/0% Jo
and _Fage Njecharpe from Service
Hone Indigestion - None Sinusitis; Some Hone
Assoc., w/Pood S.0.B,.-Mnstly
icogr 37 Summer; Fx, Nose
1966
None 1968-Rloeding lone Mone None
s092 __ ¥2 Iilger W l
/073 £ 4‘ Hona None None tlone None
o9 36 tone I?lone Itlmm rlnné JNone

11.2374
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COM; "AINTS

SKIN PASHES GCI SYMPTOMS HFIROLOGIC RESPIRATORY OTHER
1964-Reacted to tlone 1974<Narvous Mone None
70 98 32 Chlorine in Service Took Tranquill=-
izers
Hone Hone None (XR-Calcified Hypertension-Nn tedication
1096 P2 J(:rahulomn-RUL CXR Reveals Slight
Cardionepaly
Had Cvst Renm, None None Hone Hone
097 25 from Nridpe of
Nose
7098 5 None Mone Hone None R, lung Drained-Age S or 6
None None None "Rlows Nose" Appendectomy - Age 12
r097 Jo .’ Frea. Throughout
Yonr
Noils in Service~ [None None Nona Redness of Fyes Since
Had Shots for Them=- Childhood
NO Problem Since; Hypertension-On Medication
' Renign Papillomata
/7700 Sof lipner Chest & Low
{Middle_Rack
1972-Roiln MNone None None Poor Fffort on P.F,
v/7o0/ 26 None Sincn CXR~Mormal
None Indipestion - Petit Mal - On None Miatus Nernia
liatus Nernia Medi~ation Ape Ptoais = Left Kidney
Lro2 29 9-16 ) 1971-Del, Normal F, Tnfant
"Sinus" Headaches
Noils-As Teenager |Intolerance to HNone None None
None Since Spicy Foods
7703 e Dry Skin
: * {None Hone None ) None 5 Pregnancies - One during
Xlo¥ b ' Fm » Norma
—— -
States Had Itching [tlone None fNcc, Sinus Problem [1951-llysterectomy
in 1960 whila in - T%kes Dristan 1955-Rem, Larvngeal Plaque
[nc-No rash to PChs Ptosis of Right Kidney
Ar08. ¢o 1973-Bronchopneumonia

PO

Miscarriape Prior to Fmplo
1941~7 Month Normal Nel-Af&'

...........

......



™y 1 ), ) | r N
J )
i CON LAINTS (
SKTH_RASHES GT_SVIPTONS NEUROLOGIC RESPIRATORY OTHFR
. IEEEE— I W
/186 “z ane llone Paone Hone Hane
lNone "leart Burn" Nonn lHone "Feels" N/P Flevated then
76 e Gas Fxcited (Propped out of
e study)
Hone Indipaestion - lone S Mone None
. Assoc. w/Alcohnl
& Certain Fonds~-
//07 3'11 Takes Pathibamate
Hag Nyvertienlitis
7/70 27 Hlona Hone None Hone None
X ud tlone llone Yone tlone None
A Hone Plapnosed as VUlcer |Mone Hone 1971=-Fncephalitia in Servi
2012 Jo 11/75 (o X-Rav) 1/76-0n Gantrasin for
Cvstitis-Prostatitis
7/3 gc Hone tione None Hone None -
None 0ce. Indipestion=- |Rare Nlzziness Hone 1975-Normal lLower GI Serile
. Relieved hv Rolaids|Assoc, w/Neadaches 1954-Left Foot Drop
. 4 "Spastic Rouel" - |Nce. Was Rrief follouing Auto Accident
L2/ .2? Treated at FR 12/75|Sharp Wead Pain
losting 5-10 Sec, ,
Rash 1973 - No Hone Hone Hone 2 Prepgnancies Prior to
Reoccurrance -~ Fmployment -NHone Since
/ s Relntionship
2s08 to _PCh
None Hone tone None 1958-Cholecvstectomy
274 éo Hypertension-No Hedicatior
1970-"Growths on Hone None Mone 1972-Cholecystectomy
¢2ry ‘? Egg._l»rows"
, tone llone Hone Hona lypertension
. : 1973~Auto Accident -
i1t ¥ “7 Contused Spleen, Repair o
. Intestine
_ lad Rash 1 Week - [Hone Hone None None
N4 1976~Cleared-Rem,
! 7 47 from Pyranol
11.2376 G
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.SKIN RASHES GI SYMPTONS NFRHROLOGTC ﬁERPIRATORY OTHER
llas Small Inactive |None States e "Shalkes" [None lnnne
Rranchial Cleft nll the Time Since
(720 Fa N Cvsts Nehind Noth Childhood
FEars
Nad Rash When ilone leadaches Prior To [itas Frequent Runny [1964 or 65-Kidney Infectic
- First Assipned To Hasal. Surpery 1973 [Hosae -
072! 28 Film Area - No
Irritants
Alonecia Areota - |[Oce, Heart Burn [Mone " loce. Feels She 1972~Acute Arthricis -
Mx. by Dermatolo- |[i.e, Orange Juice tsn't Taking In Frvthema Nodosum
pist as Caused Ny Fnoupgh Alr 1966-Renipn Fattv Tumor
Merves « First Rem, from left Rreast &
2122 3 Ipisode Ape 13 left Shoulder
2 Narmal Pregnancies - Not
Since Fmploy, by Cholce =~
B.C, Pilla & Rhvthm
Chronic Dry Skin - [Mone Took Hedication Heavy Smoker - None v
2723 33 rCtnckinn of Finger- For Herves 1ln to [Couphs & Ralses
tips About 8 "n, Apn Fverv AM
None None iInder Psvchiatric [Hone llad Shots For Way Fever
Care~!telloril 200 o
‘2,2‘/ Hﬂo - “ﬂﬂ "0t l'n"
. v tisunl Neadaches
lately
. Iix. Boils 15 Yra. [occ. Indipestion- Pipraine Neadache [eavv Smoker - Mone
W R Ao Peptic Vlcer 20 l.ast Year " [Couphs & Ralsesn.
'//uﬂ; 7. Yrs. Apo Nce. Insonnia Fverv AM
‘ Nee, Sinusitis
57 “‘one Indipestion - tar~ Mzziness - |Hone 1970-Myocardial Infarctio
7724 "nlalds (Nvpertengion) ’
F"one Mone Hone "Strep Throat" Polv~Arthritis
) ' |Freq, - Takes - 1173~ n,F,
/vzx7 32 " |Penici11in con~
Stantlv
127 5z Plone "one "lone 1768-Pilondial Cvst

e omm——

...............

'one
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SKTH RASHES GI SYHPTONS NFIROLOGTE RESPTRATORY OTHER
|||.1d "Rash" 1949 'one Mlone Mone Treatnent For Hypertension
(Mon-1nd. Rash on Far 4-5 Years
5th Finger Apprav, Pvorrhea
2/2¢ 52 bv Neat of Solder- \ &4 Normal Prepnancies -
ing Iron ~ Rem, 1 Full Term Stillborn.
from Sealinp) (1 NFTD During Pregnancy)
1972-flvaterectony
Hone Ylone lone } Yone 1975-Ren, Rilateral
730 26 Varigocele
[t34 1# Hone llone Hone Hone 1768-, livdrocele )
Roils, Acne Nona In Past, Took - Sinusitis Treated (1956 (About) Passed
1131 o7 A8 Teenaper Valium for NHerves |[Twice hv FNT Spec, [Kidney Stone
Ylane Mav in_4-5 Yenrs 1963-llemnrrhoidectony
Hone Rone 0ce, Meadachan c.0M, = b Cage |[Since 1962~ Has Severe
1073 9 ' Arthritis = Panr Acrthritia - GCeneralized
: Fypangion
/34 Jo Noils As Teenager [Mone Mone Sinusitis as Child {liene
fa" 35~ 37 lione one Yone Yonpe Yone
Itches to Some tone Tales Medication (flone lad Jaundice as Child-
Soaps For Mecrves 1974-~Took Thyroid
1974-Hysterectomy - CA of
. fervix
: f Mo Prepnancies During Fmple
’?’3‘6 48 J Normal Pres. - 1 Died at
H 6 Davs (Premature)
1974-Benign Tumor of Rreast
None "Posaible" Nervous-Takes Nce, S.0.R, v/ ASCVD '
137 /g Niatus Hernin Valium - Post excertion, M{ild Oce.|1967-Acute Coronary Insuff,
o : Coronatry Insuff, |Sinus Complaint 1973-Rem. of Cyat-Ring
Finper :
None Hona None * |Hone llepatitis Twice (Last Time
\ 1966)
Several Kidney Infections
%,;? “ No Pregnancies~Deliherate~
Separated
11.2378
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; COM; “AINTS {
SKTH_RASHES GT_SYMPTOMS NEUROLOGCIC £ESF’IMTORY OTIUFR
Breaks (ut in None None None 2 Normal FT Deliveries
"NMives" from durinpg Fmployment
/39 & Chocolate _
Athlete's Foot ftas "A Lot Of Ocec. Geta "Lipht [MHone Nypertension- Under Treat-
) Gas" Neaded" ~ : ment S
27,0 «/9 Mexrvous-Treated
in_1970
Mone Yone Hone , |"cigarette Cough" [194B-Twins - NFT
: S.0,R, Climhing 1959-NFT Delivery During
QA7 a7 Stairs-Neavy Fmployment
Smnker 196A-CA_of Cervix
None None Hona None 1970 « Jaundice 1 Week
X-ray for G,B. Attack-~legp.,
2 Normal Pregnancies
2142 E ¥ Prior to Fmployment =
None Since
Psoriasis~R, Lep None "Hervous" leavy Smoker = Petit Mal-Dilantin
Dry Skin S.0,B,3 Sinus Nvoertension
1143 5é Athlete's Foot
bind ‘Zf Hone Hone Hone None 1974-Fxcised Cyst=l,, Check
TLow Grade Hone Mone " |Sub-Acute Sinus Pefused Chest X-ray
{Grnmtlntinn Fyolids Since Tecnaper-
%Ly -77 Yenr Round < PN,
Nrip - NX, 1in Serv,
e I None None None Allerpic to Pust None
About 3 Yrs Apo- Occ. Hearthurn AFrequent ead~ - None 1963-Rem. Benign Rectal
Rash~Blister Like- aches in Past Polyp
274 $3 Treated by Dr, Year '
) 7 Little (not assoc.
w/PCR)
Dry Skin-Horke in |[Nona None *  [None 1974~ Cholecystectomy
Lab-Freq, Hand 1973-Cervical Fusion
wH¥ s ? Washing, Uses 1969-Carvical Disc Removet
Acetone .

............
.....
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cba cmci et man -

\)..__.- -

B Dy U TP

COM{ LAINTS
SKIN RASHES GI SYMPTOMS NEUROLOGIC RESPIRATORY OTHFR
Nona Since 8 Mo, Apo~- Ncec. Mzziness None None
//‘/7’ s/ Small Amt. Dright
Rectal Spotting
, 1975-L.eft Log Nona None None 1944~Jaundice (In Service)
L1850 éo Skin Rash ) 1971-lirinary Infection
None 1971-Duodenal lleadaches w/ None 1948-llysterectomy (Prior
Ulcer (Hlealed) Fatipue-Rellieved to Pmployment)
w/ASA & Rest llad Aathma with Allergic
2151 'f‘/ Reaction to Penicfllin
7752 ¥ None None Hone None 1973-Infected Prostate
None 1963~Peptic Ulcer |None Néne R. Inguinal Hernia-Age 14
(lealed) ] 1971-Excision Benign Tumor
Left Breast
2:83 1/7 1968-Rem. of Irritated
moles
) 1970-Rem, Skin Cancer(Back’
None Indigestion ~ Corn |hull Meadaches~ llas Sinus Problem |Eyes Tear at Night (Not at
) & Spaghattd Lasts A-9 Jira, upon Arising & In |Work) )
3 4=5 Times Weckly |Evening 1975-(Spring) Hyvpertension
15§ “ (12/75-B/P 148/92)
1967-Fatty Cysts Rem, from
Chest & Back
Nona {None None Hone 1971-Infectious Hepatitis
.. 1968 or 1969 - V.N,
I1Sh 33 1975-Ahdominal Gun Shot
. Younds
None INone None None Aprendectomy = Ape 10
/57 A8 Burn Scars Medial Calf
Skin Itching [None Nervoua-2 Mo, Ago |[lone 1975-Cholecystectomy
w/Nervousness- Took Medication Hypertension - Mild
N Y'Y 1 5y Mo Rash . 1969-Benign Tumor Rem.
N Right Breast
|0cc. Skin Rash- Indigeation ahout |Hiad Nervous Prob, |[Nona Hypertension with Nerves
A Buttocks, Anal 4 Yra. Ago with 4 Yra., Ago = No
1189 S0 Area, Penis Tension Medication Now
’ (No Rash 1/76) '
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COUMPILAINTS

SKIN RASHES €1 SYMPTOMS N'n SOLOGIC RESPIRATORY OTHER {
None itiatus Nernia Nce, Neadaches None 1974~6 Mo, ASCVHD
2170 é 1 Nervous-Dn Tran-: 1968-Nysterectomy
quillizers _ Nilateral Herniorrhaphy .
Allergic To Wool, |None None INone None
77 37 . Eczema 10 Yrs, Ago ’ C Y
None None Was Nischarged Sinus-Hay Faver None
From Service due
'z
”7 24 to "Nervousnesa®
Comp, of Nry Skin ([None None None None
' Around Fyes At
e 2€ Times When Working
w/ PCB's-None Seen

T8ECT 1T

e . — e - —

44
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[ GOM CAINTS {
~ SKIN RASHES G1 SYMPTOMS NEURDLOGIC BEEPIRATORY OTNHER
None None None Nons2 1971-llysterectomy due to
Fibroids
2760 54 1966~Had Skin Reaction to
Fpoxy - Temporary Removal
"1 Yr, Ago - Skin |[None None None 1975-Abscess Left Cheek
7761 26 Rash" (? Cause) ~
¢ "Very Minor"
/62 36 None None Occ, Insompia None None
. vy None None "Tension" Head- None None
’763 aches :
. None Nona "Tension" llead= |llay Faver to Dust= [None
YA 3/ achen Frequant Colda
r/6d ! (2 Pk, Day-Smoker)
Oce. Skin Itching [None Migrainae~-Assoc. Sinusitis-Assoc, None
’ Assoc, w/Allergies w/Mensas, Occ. w/Allergies (Dust,
2768 32 Nizziness at Work |Crangea, Pollens)
On Valium for
Herves .
None None None Sinusitis (Light None
7164 9 Smoker)
Has Rare Eczema None None None 2 Miscarriages ~
During Winter Mos, ' 1963-at 4 1/2 Mos. (Prior
to Bmployment)
Rs7£7 37 1969-at 2 Mos. (No PCR
: Fxposure)
. 5 Normal Deldiveries
Had Temporary Rem. |[None Nonae Nona 1968-Cholecystectomy
76 for Epoxy Rash-No 1975-Vain Ligation
26 “/é Rash Since Jaundice-Age 12
None None Takes Valium For |[5.0.R,, Sinus Hypertenaion for 2 Yra,
Nerves (Palpita- |[lHeadahea, Smokes |[Polio - Aga 23
A//‘? S/ tion Sweats) for 15 ¥rs, (1 V,D, = 35 Yrs, Ago
‘ Pk, Daily)
11.2382
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| CoM} AITNTS {
SKIN RASHES GI SYMPTOMS NEUROLOGIC RESPIRATORY OTHFR
None None None None llypertension
3 L4 So 1944-Scarlet Fever
1960-llemorrhoidectomy
None 0ce, Hearthurn None Ras PN Drip 1975-Took Medication for
. Hiatus llernia . Several Months for
178 oY Hypertension
. 1970-Vagectomy .
None None lleadaches-Assoc, |Sinusitis 1970-Appendectomy E
(176 S w/liigh Nlood (Smokes 2 Pk, a 1971-Started Treatment g
Pressure Nay for 30 Yrs,) for Hypertension t
077 /9 None None None None None !
/n75 34 INone None None None None 3
_— ',
None Indigestion - Hone None None ?
7779 cer 2 Yrs. Apo !
A lias Dry Skin None 0ce, Insomnia Mone Hypertension L
&0 33 , 1957-Hemorrhoidectomy .
/&0 48 None None None |nce. S.0,0, None !
None Nono None None 1976-Cataract-Right Eye
1929-Scarlet Fever
17852 P4 *]1968-Reconstruction of i
'/ 4 5 ' Knee Joint -~ Tendon Trans-
. e e plant
. None None Hone Nce, Sinusitis 1964-Roil-1 & D
Y 54 (Smoked Pipe for
! £3 R . 20 Years)
Has Had Rash Off None Hone Mone Nlepatitis-12 Yrs. Ago.
' & On - Honds -
mnEY Sy 35 Yra. - .
(llyperhidrosis)
None 0Occ, Indigestion lleadacheg~Ass0c, |[Sinus- ? NDeviated |[1966~Renign Cyst Rem. from
w/Sinuns Septum Rgt, Bronchial Tube
1186 47 (Smoked 20 Yrs,-OQuit 1975)
11.2383
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SKIN RASNES

coml

,-E NTS

" G1 SYMPTOMS

NEVROLOGIC

RESPIRATORY

OTIIER
—

None Occ, Diarrhea Hone Slight Hay Fever- ]1972-Kidney Stone
71187 AN Has Sinusitis (1s On Zvloprim)
None None None Chronic Cough- Hone
Ciparectes - 1 Pk,
7 E¥ So |for 25 Yrs,
S.0.B, After
. Exertion
None None None Chronie Cough - Tumor-Forehead S Yrs. Ago
7189 57 Smokes 1 Pk, Paily |[(Said to be Malignant)
(Probable Skin CA)
(Some Skin Dis- Occ, Indigestion None None Prostatitis - 2 Yrs, Ago
coloration-Chest) ' .
/¢ 5o 33 Sehorrheic Derma- |
titis
Skin Itching - None Hone None 1952-¥Iletnia Repair
$Eid ¢/ Allergic to Soap
(Detergent) o
None None None None 1955-Rgt. Shoulder Recop-
' struction
Vis 44 £/ 1956-Excision Mole ~
Left Chest Area T
7 22 “9 Mone None Ylone None ' 1946-lepatitis '
None None None _ [None Hypertension~Since Age 24
. Bilateral Inguinal Hernia - -
1966~Left.
193 45~ 1973-Right
' 1962-Duodenal Ulcer :
1966-Fxg, Sebacgeous Cyst
Mild Acne of Back |[None None None 1963-Hepatitis
179+ 29 1974-Small Cyst Removed
-
R
N
W b .
e o] ! 4
N o
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13, Biochemical Findings - —

Elevations in the se:én lipids = either triglycerides, cholesterol,
or both - and/or positive correlations between the levels of such serum
lipids and those of PCBS, represent the most widely reported biochemi-
cal finding in populations exposed to PCBS. Suck reports raise two
questions: First, are the reported lipid elevations best correlated
‘with the PCBS themselves, or with chloracanegenic impurities in the
PCBS (such as PCDFS), or with compounding factors such as alcohol,
drug use, oz obﬁ#it&? Second, sre the observed correlations between

lipid and PCB levels caused by the action of PCBS on the liver (e.g., -

ot .

leading to incrcases in lipoprotein synthesis and enzyme activation) or
are tbey caused by the action of the serum lipids on the PCBS (lesding
to shifts in distridbution from sdipose tissue reservoirs imto the

serum)?

In this section, we present the biochemical findinmgs in detail,
with emphasis on blood lipids, fasting blood glucose and body weight.
the statistical metbods used in their smalysis; and the results of sunch

statistical analyses,

A, Methods

The clinical chemistries of this study were performed on serum
shipped to Metpath, Iac., Teterdboro, N.J. Although imdividval erroneous
valuoes have occlsicnaliy ocecurred as the result of improper sample
preparstion, inadequate volume requiring dilution, or ladborstory error,

in general, such errors have been readily detected and, in a statistical

sense, the results appear reliable. Metpath provides a camputerized sumnary on a

11.2385
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monthly basis which céﬁpa:es the values obtained over a gives period of
time with their normal ranges sdjusted for age and sex. This analysis,

however, treats all the variasbles as normally distributed,

The present snalysis focuses primarily on the 1979 data, where rea-
sonably relisble data for serum PCBs are avsilable., Analysis of the
1976 datas is at preseat limited to selected variables, As the result of
stady dropouts, inconpiete data (primarily serum Aveclor 1260 valmnes)
and the occmrrence of intercurrent disease.»conpa:nble dats was aveil-
sble in both 1976 and 1979 on 126 males and 33 fennles.. Twelve individ-
uals were omitted becsuse of diabetes (5), slcohol problems (2), amon~
fasting samples (3) and serious-medical problems (post-op pituitary
tumor, epileptic under intensive medication) at the time of the study.
One subject kas a familial form of hypertriglyceridemia and was slso

omitted.

Serum lipids, inclndi#g total lipid, triglycerides and cholesterocl,
were determined in 1976. Becanse of anslytical difficulties the mea-
surement of total lipids was omitted by the veandor inm 1979. An analysis
of the data for total lipids im 1976 shows some subjects where the sum
of the triglycerides snd cholesterol values exceeded the total lipid
value. Because of such errors and the lack of replication in 1979 the

total lipid measurements have been discarded except for Figure 9.3,

Serum triglyceride values in 1979 were reported up to
400 mgzms/100 ml, the balance being reported as 400 mgms/100 ml, Numer—
ical values for levels greater than 400 were reported in 1576, althoungh

their accuracy is probably questionable, In manipulating the trigly-

11.2386



ceride values we have used the maximom Iikelihood method of evaluating

such data (see below) or have omitted them from the analysis.
B, _Results

Variable Distributions and Means

The principal biochemical variables measured in 1979 are listed in
Table 13.1. Distributions were determined in each case and logarithmic
transformation carried out as indicated. We differed from Smith et al,
with respect to the distribution of direct bilirubin and cfe:tinine
which appeared aormal inkon: popunlation, rather thnn 1oxnorna1 as
described by them. The lognormally distributed vaiiablés are given as
geometric means., The range of the data is given by i twice the standard
deviations and compared with the Metpath standaxrd ranges umadjusted for
sex ard age. The elevations in serum triglycerides and cholesterol are
appazent., In addition, the data described below indicate elevations in
fasting blood sugar in a significant segment of the population. The
standard ranges for SGOT, SGPT and SGGTP given by Metpsth are somewhat
bigher than those given by others, e.g., the Merck Manual. Using the
Metpath standard there appears to be an elevation in the sersm SGPT, but
not GGTP. Bowever, many of the liver enzyme levels sre s function of

age and sex.

Serum Triglvcerides

In Figure 13.1 histograms are used to cozpare male and female
values for 1976 and 1979. In both sexes the values bave increased in

the three year period as measured by s paizred t-test. For the males the

11.2387



Table 13-1
BIOCHEMICAL VARIABLES 1979 (N = 172)

149

Table 13.]. Meassured biochemical variables for Study Group 1 in 1979. N = 172. Means
=SD given ss logarithms for lognormal distributions and converted to arithmetic values
(X). Range Is given as =2 SD. Standard values from the analytical lsboratory (Met-
path, Inc.). Starred values exceed the laboratory range. Distributions at variance with

Smith et al. are also starred. Normal ranges for SGOT, SGPT and GGTP at variance
with other values in the literature.

Mean

Triglycerides 2.16 0.226
Cholesterol 238.2 50.2
Blood Sugar 1.995 - 0.058
Uric Acid 6.03 1.29
Total Bilirubin -0.214 0.165
Dircet Bilirubin 0.141 0.07§
SGOT 1.449 0.143
SCGPT 1.538 0.163
GGTP 1.200 0.266
Alk. Phosp. 1.466 0.123
LDH 173.3 314
Tatal Prot. 7.32 0.47
Albumin 4.42 0.18
Giobulin 2.93 0.43
A/G Ratio 1.54 0.29
BUN 1.23 0.11
Creatinine 1.33 0.20
BUN/Creat. Ratio 1.11 0.12
Na 139.4 2.33
4 4.42 0.45
Chioride 103.8 33
Calcium 9.67 0.42
Phorphorous 2.85 0.44
Magnesium 1.91 0.15

*Distributions differ from Smith et al.

= SD  Distribution

Lognormal
Normal
Lognormai
Normal
Lognormal
Normaul®
Lognormal
Lognormal
Lognormal
Lognormal

" “Neormal
Normal
Narmal
Normal
Normal

Lognormal
Normal®

L.ognormal
Normal

" Normal
Normal
Normal
Normal
Normal

X
144.5
238.2

98.9

6.03

0.61

0.141

28.1
34.5
15.9
29.2
173.3
7.32
442
2.93
1.54
16.9
1.33
12.9
139.4
4.42
103.8
9.67
2.85
1.91

51
138
75.7
3.5
0.29
0
146
16.3
4.7
16.6
111
6.4
17
2.1
1.0
10.2
0.9
1.4
135
3.5
97
8.8
2.0
16

Range (= 2SD)

409*
339
129.1°
8.6
1.31
0.29
$4.3,
73.1°
'54.0
51.§
236
8.3
5.2
38
2.1
28.2
1.7
22.4
144
53
110
10.5 -
3
2.2

Standard

50~200 mg/DL
125-300 mg/DL
65-130 mg/DL
33-89mg/DL
0.1-1.4 mg/DL
0=~0.4 mg/DL
1=-50 IU/L
1=551U/L

1=70U/L

15=55 1U/L
97-250 1U/L
6.2-8.3 gm/DL
38-5.1gm/DL
2.1-4.0gm/DL
1~-2.2 ‘
7=28 mg/DL
0.8-1.8 mg/DL
134-146 mMol/L
3.4-5.4 mMol/L
96109 mMol/L
8.7-10.5 mg/DL
1.9-4.3 mg/DL
1.6—2.3 mEq/L
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Figere 13.1. Bistograms of serum triglyceride values ia 1976 and 1979

In Stedy Osoup 1. MNales and females given separately, Lavels in~

I . e .. eressed siguificantly &

| 1976 and 1979 by paired- t-teot,



increase is significant st nearly the one percent level (t = 2.53,
d.f. = 126); for the femsles the incresse is significant at nearly the
five percent level (t = 1,92, d.f, = 34). These increases occurred pri-

merily following the PCB banm in mid~1977.

Serum triglyceride values (% the standard error) for males are
sbown in Figure 13.2 arranged in S-year sge groups. They are compared
to the means (solid line), medisns (dotted line) and the S5th and 95th
percentile found in the Lipid Research Clinics prevalence stndy.(l) The
averages for the age groups are well within the 95th perceantile and
appear to conform to the general curvature of this st;ndafd. Although
the analytical metbodology in our study (enzymatic method using a
discrete anslyzer) was diffe:;;f than that used in the Lipid Research

Clinics P:og;an (Technicon Autosnalyzer; fluorimetric method), it is

unlikely that methodology could account for the elevations observed.

The data for the male subjects are presented also using logarithmic
transformation because of the highly skewed distribution which sormally
occnrs with triglycezride values and which is appafant in the LRCP data.
The data points are somewhat erratic which is probably s fuaction of the
extremely high valzoes fouad in some age groups and would be further
elevated if accurate numerical values sbove 400 mgns/100 m1 were avail-
able. In the statistical analysis logarithmic trassformation vi;l be
(2)

used for the triglyceride values., Hulley et al, have receatly used a

1 Plasma Lipid Distributijons in Selected North Americaz Populations: The

Lipid Resesrch Clinics Program Prevalence Study. Circulation £0. 427~
439, 1979,

2 Hulley, S.F., Rosezman, R.H., Bawal, R.D., and R.J. Brand. The associa-
tion between triglycerides and coronary heart disease. N.E.J. Med. 302:
1383-9, '1980.

151
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AGH = JiES

80l 4d bar =

The sszum trigly-

Solid xiao. = geometric

laft pasel:

s0lid triasgles = 1979. yerti-

S0lid circles = 1976:

Comparisos of serus triglycezides levels i3 Stody Grovp 1

with the Lipid Research Clinics Program atandards as 3 function of
arithmetic mesn; dotted lines = medina and $t2=25th perceatiles.
eorides for all ages in both 1976 sad 1979 are elevated compared to

Right pasel shows logsrithmic transformatioca.
mesp; dotted lises = 5th and 95t percentiles.

¢a] bars = 2 S.E, for S-year age gromps.

the standard population mesns.

sge for males,
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similar procedure in s study of the association of triglycerides and

coronary heart disease., Persuasive evidence was not found.

The Lipid Research Clinics study indicated s significant elevation
of serum triglyceride levels for females taking estrogens. In Fig-
ure 13.3 the solid lines (marked E) are the curves associated with
estrogen use and the dotted lines the norusers. The eight suhjécts
composing the data points at 33 and 37 years have complicated gynecolog—
7 ical histories. All sre married but in the interim between 1976 gnd
1979 there bave been two hysterectomies and three tubal ligations,
Prior to 1976 all but five apparently took estrogens-for ﬁi:th control
and since then 2 have contimued on estrogens. In addition, six of the

—_—

eight subjects are judged obese.

The elevated triglyceride values found in these young women are
therefore interpreted as reflecting estrogen medication and/or obesity

and are seen to fall closer to the estrogen standard curve for females,

The elevations in serum triglyceride levels in our population,

therefore, appear to be primarily confined to the males.

In Figuore 13.4 is shown a scatter plot of the individual male serum
triglyceride values in 1976 and 1579. Using the LPCP standards two
populations can be defined: those within the Sth and 95th perceantile
(normal range) and those elevated above the 95th percentile. Histograms
of these normal and sbnormal populations are shown in Figure 13.5. In
both cases the crossover point has been in the region of
200 »gms/100 ml., There are 6-10 percent false negative values, pri-

mazily anoi; the younger employees, and 4—~6 perceat false positives,

11.2392
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primarily among the older employees,

Twenty~five percent of a total of 141 male enployeei (35 subjects)
were judged sbnormal by the LPC criteria in 1976, Of these cne snbject
was not repeated, 24 subjects remaiped elevated and 10 declined to the
normal ranmge in 1979, Eleven subjects showed elevations cutside the
sormal range in 1979, The total study population declined to 126

(10.6%) in 1979 so that the perceat of sbnormals rose to 28 percent.

Serum Cholesterol.

Histograms for thke se:;n cholesterol values for inles’and females
in 1576 and 1979 are Qhovn in Figure 13.6. The mean vaine for each sex
declined between 1976 and 1979, a decline which was statistically sig-
nificant at the 1 percent level. Notice that the arithmetic mesns and
the medians are nearly identical indicating a ;redoninantly norsal dis-

tributicn.

The values are plotted as & fusction of S—yesr age increments in
Figure 13.7. Ezcept for a few points involving individoals with very
bigh or low values, the data fall within the 50th and 95tk percentile of
the Lipid Reseazrch Clinics standard. For the females the values are
elevated beyond what might be expected from estrogen use. In contrast .
to the triglycerides, the LRC standards sho; the mean equidistant from

the Sth and 95th percentile attesting to the normal dist:iintion of this

data,

In assezbling the data for the males in Figure 13.7 the procedure

consisted of averagisg the data by age cells in 1976 and then averaging

157
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the same grouvp in 1979, moving the point 3 years on the age axzis. Thus,
there appears to have been a syst?natic decline in average cholesterol
in all age groups among males., The number of individuals with valunes
greater than 300 mgms/100 ml, bowever, remained relatively constant at

about 14 percent of the total population.

Fasting Blood Glucose .

Histograms of the fasting blood glucose values in 1976 and 1979 are
compered in Figure 13.8. A paired t—test of 162 values showed that the
apparent decline in 1979 was statisticaII; gignificant (t = 3,162, p ¢

0.001). )

Although the distribution is appareantly logmormal (Figure 13.9),
cazeful examination reveals an inflection point at around 70 percent of
the population. The 1976 distribution hus been analyzed graphically by

the method of Harding(s) 0

as modified by Cassie using the cumulative
percentage plot (Figure 13.10) and can be construed as bimodal with one
population mean at 103 mgms/DL snd another at 122 mgms/DL. The data

suggest a8 cut-off at 115 mgms/DL (83 pezceat).

The Metpath standard indicates 130 mgms/DL as an upper limit of
normal. However, using the 115 mgms/DL cut-off, 42 individuals at one
time or another over the 3-year period (1976-1579) showed an elevation
in fasting blood sugar., Five individuals had been or were diagnosed as
3 Harding, J.P. The use of probadbility paper for the graphic snalysis of
polymodal frequency distridutioms. J. Msrime Biol., Assoec. (U.EK.) 28:
141-153, 1949,
4 Cassie, R.M, Some uses of probability paper in the analysis of size fre-

quency distributions. Australiemn J, Marine and Freshwater Res. §: 514~
522, 1954,
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Figore 13.9. Cumnlative perceatage plot of log fastiag blood glucose 162
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diabetics., Two individuals bhad alcohol problems, One individual had
had s pituitsry tumor treated surgically but remsined obese. Three sub-
jects were thought to be non-fasting. One jndividual was an epileptic

nnder intensive medication.

Omitting these subjects yields a group size approzimately as calcun-
lated (30 vs 33). Post-prandial glucose levels were determined at two
hours following a high fat, high carbohydrate meal in 19 remsining sub-
ject;'and these values were within normal limits, In general, subjects
shoxinguone fusting sample which was elevated had prior or suliequent

sasples within eriteria. Only two subjects had repeated fa:ting eleva—

i
tions but normal post-prandial values.

Fasting blood glucose levels increased with age at the rate of
1.87 mgms/DL per decade (Figure 13.11) whica is in accord with the
(s)

literature, Glucosuris was not observed.

Uric Acid

. Serum uric acid levels in this population were sormally distributed
with a mean of about 6 mgms/100 ml, and showed essentially no change
between 1976 and 1979. Although the normal textbook range is

3-7 nggs/loo ml, the Metpath range extends from 3-9 mgms/100 ml rising

with age. Our values, therefore, lie within the normal range for their

s

procedure.

§ Merck Masual 13th Ed. 1977, pg. 31291,

11.2403
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Measures of Body Weight —

Body weight and height were measured without shoes in indoor cloth—~
ing 25 a part of the medical examination inm 1976 and 1979. One of us
(M.R.) evaluated each individusl with respect to body frame (small,
medium, and large). Preemployment weight and height was also available
on 91 subjects, primarily employees hired within the last tez years,

altbhough the nature of the dress on these occasions is nmot known,

We have evaluated body weight in terms of relsative wcight. as the

body mass index and as total body fat.

Relative Body Weight

Body weight at constasnt body height (determined in 1979) and frame
were compared to the mazimum '’desirable’’ body weight and the average

body weight as s fuaction of age using the Metropolitan Life Insurance

(6)

dats. ¥While such differences provide a measure of under- and ovezr—

weight, they are not a good guide to obesity.(7’8)

Bowever, when the
samec standard is used throughout, changes ia body weight and population

weight distribotion can be assessed.

The results of a new study (Build and Blood Pressure Study, Associ-
ation of Life Insurance Medical Directors, Society of Actuaries, 1979)

6 New Weight Standards for Men and Women. Statistical Bulletin, Metropoli-
taz Life Insurance Co. 40: 1-4, Nov.-Dec. 1959.

7 Grande, F. Assessment of body fat im man., In Obesitvy in Perspective.
Proceedings of the Conference., Ed., G.A. Bray et al. U.S. Printing
Office, Stock No. 017-053-00046-9. pp. 189-203.

8 Seltzer, C.C., Stoudt, B.V¥., Bell, B,, and J. Mayer. Reliability of rela-

tive body weight as a criterion for obesity. Am. J. Epidem. 92: 339~-350,
1970.

11.2405



will probably result in an upwerd revision of these 1959 standards of

from 10 to 12 1bs.

Histograms for the male and female populations in 1976 for body
weight and height are shown in Figaore 13.12. The datz are normally dis-
tributed. The population weight mean for males was elevated with
respect to mean height and age (+8 1bs) bat that of the female popula-
tion was not. Figure 13.13 shows the individual subjects’ weight as
compared to the "desi:;ble" weight for their height and frame. Fifty
percent of the total population were above the range fo; lyrge {framed

individuals.

Preemployment weight was gktained on 91 individuals. In.Fig-
ure 13.14 histograms are used to compare these preemployment weights
(heavy line) with those found in 1976 (light lines) in terms of the
standazd raanges of desirable weights, At employment 51 perceat of the
males and 62 percent of the females had body weights within or greater
than the desirable range. In 1976, 80 perceat of males and 85 percent of
females were at or sbove the standarzd. A psired t=-test showed this
weight gain to be significant at the 0,005 level. The weight gais con-
tinued between 1976 and 1979 for males (t = 2.83, d4.f. = 128; p < 0,005)
but not for females (t = 0.82; d.f. = 35, p > 0.20). Linear regression
(Figures 13.15 and 13.16) showed that the weight gain in males was
correlated with scrvice time (r = 0.37, d.f. = 90, p ¢ 0.01) rather th;n
sge (r = 0,07, p > 0.2). In those gaining weight the increase appeared
in the first § years of enploynent.. While male body weight remained
. elevated in all groups, body weight in females fell to a minimum between

age 40 and 50, perbaps ss the result of conscions dieting (Figures 13.17

11.2406
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and 13.18), when compared to U.S. vital statistics in 1966.(9)

The relative body weight data is summarized in Tadle 13.2 in tezrms

of percent of both the 1959 national averages and desirable veight.‘s)

Body Mass Index

We have cslculated the body mass index (Quetelet index) fo? our
subjects using W/Rz for nnles(g) and W/Hl‘s for fenales(9’1°) This index
is highly correlated with weight and generally indepeandent of height{
alr*hough good correlations have been obtained between this index and
skinfold thickness (r = 0.8) and body density, it probnbiy is Dot supe-

rior to relative body weight as a predictor of fntness.(j)

\
The body mass index calculations for both males and females and the

population are shown in Table 13.3. There was a statistically signifi-
cant increase in this index in males between employment and the 1976
study and the means were significantly higher than those calculated from
the insurance averages (MLI Std (6)). The increase for females was sig—-

nificant at the 3 percent level. In 1976 and in 1979 the increases were

ot significantly different, however. fram the insurance averagas.‘
Figure 13-19 shows the relation between the rreemloyment and 1976

vam@sasccmx:aito1meimamaneamamnasdﬂmﬂataiﬁx'amhin&hﬂiml.

9 National Center for Health Ststistics 1966. U.S. HEW Vital Eealth Stat.
Ser. 11 (4). o

10 Keys, A., Fidanza, F., Kazrvonean, N.J., et al. Indices of relative wejight
and obesity. J. Chromjec Dis. 25: 329-343, 1972,

11 Kreiss, K., Zack, M.W,, Ki=zbrough, R.D., et al. Association of bdlood
pressure and polycblorinated biphenyl levels. J.AM.A. 245: 2505-2509,
1581,

11.2414
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Table 13.2

RELATIVE BODY WEIGHT

Table 13.2. Relative body weight in males and females of Study Group 1 as a percent of
both national averages and desirable weight.!®’ Details of calculation in Table. The per-
cent expected is calculated from Tables | and If of Ref. 6 indicating that the males are
slightly over and the females slightly under these standards. Preemployment calculations

are incomplete.

Males N
Preempl. 91
1976 152
1979 136

Females
Preempl. 29
1976 42
1979 38

* Observed body weight — Metrop. Life average body weight % iOO from Table I of Ref. 6.

Over/Underweight®
(% of Nat. Averages)

5.00 = 139
2.76 = 14.2

-149 =+ 184
—-3.24 = 20.1

Over/Underweight**®
(% of Desirable W1.)

S 212 109

1.1 = 12,6
9587 = 129

582 £ 12,6
149 % 179
141 £ 20.2

Metrop. Life average body weight

% Expected***
- Qver/Underweight

6.16 = 6.9
6.93 = 6.5

172 £ 8.7
186 = 7.9

*° Observed body weight — Metrop. Life max. desirable weight . a0 trom Table I of Ref. 6
Metrop. Life max. desirable weight T

*** Metrcp. Life average body weight — Metrop. Life max. desirable body weight x 100

Metrop. Life max. desirabie body weight

11.2415
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Table 13.3
BODY MASS INDEX

Table 13.3. Mean body mass index (£S.D.) for Study Group 1. Males = W/H?; females =

W/H'3, The index has been calculated from Ref. 6 (MLI STD). A t-test of the mesns

" shows both males and females to be significantly elevated between employment snd 1976
and that the males sre significantly elevated over the ML! standard.

Male (W/H2 x 100) Female (W/H!$ x 100)

Preemployment 3.43 =0.38 n =9] 2548 = 3.29 n =29
. { = 5.25 t=191
1976 375 %050 n =152 2743 + 468 n =42 P <003
= 4,32 t = (.62

MLI STD 357=0.11 n=152 27.90 = 1.21 n = 42

1979 370£052 n=136 27.29 = 517 n =38
=736 | t=1.16

MLI STD 3.60 = 0.086 n = 152 2824097 n =42
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Figure 13.20 shows the individual values for the body mass izdex
for males as s functicn of age. They are compared to s study by Khosla

(12)

and Lowe of 5000 workers in anm electrical industry in England in

(6)

1967. The insurance averages are shown as g dotted line., Our data
appesr to be encompassed by £ 2 SD. The elevation of the body mass
index (3.75) over the insurance aversges (3.57) and that of Khosla aand

Lowe (population mean = 3,50) suggests that sny overweight in our popu~

lation caznot be due to a greater height,

Bodv Fat

Table 13.4 shows the results of the body fat calcnlation as the
percent of body weight at employment and in 1576 and 1979. Body fat
.¢zlculated from insurance aversge weights for height and age are compa-
7™ rable. These data (and the preceding discussion) indicate that our
popnlatioﬁ conformed in most respects with insurance population averages
particularly in view of the impending revisions. While our population
exceeded desirable weight levels, the average weight gains represented

(13)

only 65 percent chemical fat and were modest. A portion of the

population, however, was obese by all standards.

We bhave used body fat as a perceant of body weight ss an independent
varzisble in the statistical analysis of our PCB data which we now con-

sider.

A ———
12 Ehosla, T. snd C.R. lowe., Indices of obesity derived from body weight snd
beight. Brit. J. Prev. Soc. Med. 21: 122-128, 19%67.

13 Siri, W,E. The gross composition of the body. Advan. Biol. and Med.
o Physics 4: 229-280, 1956.
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Table 13.4

BODY FAT AS A PERCENT OF BODY WEIGHT
. FOR STUDY POPULATION 1

Table 13.4. Body fat as s percent of body weight for Study Group 1 for males and females,
Also shown are the changes in percent body fat between preemployment and the study
periods (1976 and 1979) and between the study periods. The greatest change occurred

between employment and 1976.
Males Females Total

N X = SD N X=x8SD N X + SD
Preemployment 91 16.0 = 48 29 18.1 £ 44 120 165 £ 4.8

1976 o152 21970 42 21657 174 219 =x 6.7
1979 136 21.7+69 38 218=x62 174 217 6.7
PreE~1976 91 +48x46 29 +34=x39
PreE~1979 83 +49x48 27 +32=x58
1976~1979 C 1360 =-14=x26 38 ~-15=x3.2

11.2420




L, _Statistical Analvysis

Statistical analyses were performed on a Honeywell 600/6000 com—

puter using available time-sharing applications programs provided by the

manufacturer. The programs were periodically checked using library

guide examples

(19 or problems in textboois. Many of the variables are

lognormally distributed, and this assumption was validated usng the

W—-test

as) incorporated in these programs.

Major use was made of & versatile gemeral statistical package STAT-

PAC(IG) which has some of the caraibilities of the more widely used BMDP

series. This package has been used for distridbution pldtting. cross-

plots, and multiple linear regrescion, including botk forward and back-

ward step-wise regression, The capability is available to handle cen-

sored data by maximum likelikood analysis

(17)

which wedhnve used iz the

analysis of the p, p — DDE values of 1976 and tbe 1979 serum trigly-

ceride data,

A principal problem in statistical analysis in much medical and

epidemiological research is the occurrence of muiticollinearity, or

linear dependence among the regressor varisbles, The listing of the

14

Boneywell Series 600/6000 Time Sharing Applications Library Guide Vol. II.

13

16

17

Statistics. Honeywell Information Systems, Inc. 1973 (DA 44).

Hahn, G.J. and S§.S. Shapiro, Statistical Models in Engineering, Joha
Wiley, New York, 1967.

Nelson, ¥.B., Morgam, C.B., and P. Caporal, 1979 STATPAC Simplified-A
Short Istroduction to How to Run STATPAC, a genersl statistical package
for datz analysis. GE Corporate R and D Report No. 78CRD276, December
1978.

Nelson, W.B., Estimation of Product Life Distributions by Maximum Likeli~
bood Analysis of Censored Data, GE Corporate R and D Report No. 77CRD119,
May 1977.

182
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o .

major varisbles of this study (Table 6.1) i#dicated that there are
almost as many variables as individuals, particnlar]y when subsets of
the population are considered., When the technique of multiple linear
regression is applied, it is often found that parsmeter estimates and
generality of the estimated model may be affected more by the multicol-
linearity existing among the variables than by the relationship existing

between the response variable and the-regressor variables.

(18) N

A model of this type is des:zribed by Marsnp, et al. s ‘'over—

defined.’’ The analytical approach requires .ither (a) model redefini-
tion with some of t#e va:iagles debted, (b) p:#lininéry investigation
using only subsets of the varisbles, or (c) a principai components anal—
ysis in an attempt to choose the variables to remove from the model.

In Table 6.1 variables of this study are presented in physiological
groups., We propose here to examine the relationships between the popn-
lation variables and metabolic parameters wit# a view to the revision of

the results by subseguent stuodies of the otker variable groups in accor-

dance with (b) above.

Even within variable subsets multicollinearity persists, so we have
investigated principal components (factor) analysis to help choose sub-

set variables for deletion from tkhe model.

There are other sources of multicollinesrity, The sampling process
may introduce collinearity, for instance. Our study populstion, how-
ever, is not unique and others studying the relations of PCBs to regres—

sor variables have 2lso encountered similar problems. In additien,

w
18 Mason, R.L., Guanst, R.F. and J.T. VWebster, Regression Analysis and

lems of Multicollinearity, Commun, in Statistics 4(3):277-292, 1978.

Prob-

11.2422
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there may be physical constraints on the model irregardless of the sam=—
pling technique employed, particularly with respect to the many biochem-
(18)

ical mpeasurements. Mason cites examples in chemical analysis where

the smm of certain constituents in a solution must always be constani,
although the value of the individoal comstituents may vary. Im our case
this question azrises with respect to individual serum lipids
(triglycerides + cholestergl) versus the sum of the lipids, the Aro-
clor 1242 and 1260 values vs, their sum (total PCBs), and tbe individunal
crystalloids versus osmolarity.
§
Another spproach to ghe problem of multicollinearity is an augmen-

tation of the data base, p;rticularly vhén\ccllinearity,is related to
sampling. In epidemiology this approach may not be feasible either
because exposure conditions have changed, or the population cannct be
recovered. Our two seqnential'e;aminations may permit some estimate of
the stability of the collinearzities over time in tkhe same population.

For the present, analysis has only been extended to the 1579 data.

Factor Amalvysis

The correlstion coefficient matrix for 27 variables is shown in
Table 13.5. Coefficients £ 0.3 are circled for convenience. Ian the
column for sex (and elsewhere in this analysis) the data coding resulted
in negative values associated with females im this population, _High
correlations were evident between certainm pairs of variadbles: total
bilirobin/direct bilizrubin (0.75), SGOTISGPf (0.76), globulin/A/G gatio

(~0.88), and BUN/BUN/ereatinine ratio (0.83).
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TABLE 13.5. CORRELATION COEFFICIENT MATRIX

Table 13.5. Correlation coefficient matrix of biochemical parameters of
Study Group 1 in 1979. Major possible associations (R 2> 0.30)
are encircled for easier identification. Suspected collinearitis have
very high values of R (0.7-0.9).

SEX
SER
PFAT
TR
CHOL
BLS
URIC
TRIL
DBIL
SGoT
SGPT
GGTP
ALK
LDH
TPRO
ALB
GLOB
A/GRAT
BUN
CRE
B/CRAT
NA

K
CHL
CAL
PHOS
MAE

SEX SER PFAT TR

1
0.03
0.10
0.04
0.02

1.00
0.24
0.

0.27

-0.10

~0.26 —~0.25
-0.12 -0.16

-0.12
-0.19

0.0
0.09
-0.05
-0.17
0.07
3.0
0.3

0.06
0.4
8.13
0.17
B.08
0.15
dot

0.04
0.0
0.12
0.11
0.03
§.02
8.15
0.16
8.9
0.21
0.29
0.18
0.10
0.12
B.06
.09
J.04
013

1.00
0.20
0.20
6.3
-0.10
-0.20
-0.13
0.08
0.09
-0.09
009
0.18
0.03
8.26
0.21
Jas
0.17
5.06
0.19
0.18
J.08
0.1
B.03
0.03
0.06

0.26

Q.10
-0.09
0.16
0.27

0.

(=]

0.08

8.22
0.2
0.01
0.2
3.02
0.02
d.02
on
B.0s
0.18

CHOL BLS URIC TBIL DBIL SGOT SGPT GGTP ALK

1.00
0.13
0.09
0.03
0.0
0.0%
0.15

0.1t
0.12
0.26
d.04
0.28

822
0.23

0.0t

9.23
5.01

0.02
§.06
0.19
3.06
0.15

1.00
0.01
3.1
o
0.0?
0.12
01

0.02

3.3
0.03
%.02
0.14
3.16
0.22
.10

-0.28

0.02
0.08
0.07
0.14
g.10
0.04

~0.1&

0.23
0.16

0.10
0.22
0.22
.08

-0.04 0.12

0.23

0.02

912
J.02
8.6

8.2
0.08

801
0.19
i5
5.0
3.9
825
0.09
8.n
0.08

1.00
0.09
0.08
0.11
303
dos
0.14
0.28
b2
0.22
0.02
0.09
308
0.04

320
B.os
LR L)
807

1.00
0.29
0.15

0.09
0.34
da4
0.09
0.28
B.06
0.04
0.05
das
0.20
S.06
014

1.00
0.20
0.25
0.03
0.26
S
0.02
0.02
0.02
0.10
0.02
0.8
B.08
0.02
0.27

185
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THIS IS THE RIGHT PART OF TABLE 13.5

LDH TPRO ALB GLOB A/GRAT BUN CRE B/CRAT NA K CHL CAL PHOS MAG

1.00
0.5
-en 1.00
0.02 5.22 1.00

0.06 @ 1.00

.03 027 011 016 Do4 1.00

005 0.19 00 011 §.03 0.19

8os 016 006 011 003 §8)

0.03 307 002 3.2 017 0.07 0.01 0.05 1.00
0.07 001 006 .04 0.07 0.08 0.09 0.03 0.07 1.00

do1 B0 007 B.06 0.04 0.11 T.14 0.08 0.14 0.37 1.00

0.08 @ @ 0.17 0.04 0.15 0.14 008 0.14 0.19 0.07 1.00

004 013 0.14 004 003 807 001 806 0.12 6.12 0.05 0.16 1.00

0.19 021 013 0.10 0.1 0.16 0.16 0.05 0.18 @OJO 0.22 0.01 1.00
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The FACTAN program was empluyed to perform s factof analysis using
the correlation matrix from Table 13.6 as the input (age has been sub-
stituted for service). In this example PCB serum and body burden values
as Arococlor 1242 and 1260 bhave been incorporated. Nine factors were
identified from the rotated factor loadings. The variables associated
witkh each factor sre boxed. It is spparent that the various measures of

PCBs are collinear,

In Table 13.7 the Yi:iahle list has been reduced. Only serum total
PCBs (sum of Arzoclor 1242 and 1260) is used. The A/G sad the

BUN/creatinine ratios have been removed. Seven factors are ideatified:

_ Fector 1 associates PCBs, triglycerides and choleste:oi; Factor 2

involves primarily the liver enzymes., Separate factors are identified
for bilirobin, nonprotein nitrogea, blood sugar and albumin. Total
protein and globulin are most stromgly associated with the liver

enzymes. Sex and percent body fat are interrelated.

Regression An2lvsis

Based on these and other studies the following approach was adopted

for the regression analysis:

a. Ve selected measures of PCB level, sex, service and perceant body
fat as independent variables. Regressions were performed on each
dependent varisble using a single estimate of PCB level, either
serum, adipose tissue or body burden, ss A-1242, A-1260 or as total
PCBs. Iz addition, levels of p, p’' ~ DDE were used in the same
manner either singly or in combisation with a measare of PCB lev~-

els,

11.2426
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the nine factors identified have been recrdered and boxed for

TABLE 13.6. ROTATED FACTOR LOADINGS
Table 13.6. Rotated factor loadings from FACTAN analysis. The loadings for

clarity. The factor numbering is arbitrary.

LBB42
L1242
LBB60
L1260
% FAT
AGE
CHOL
LTRI
LGGTP
LSGPT
LSGOT
URIC
TPRO
GLOB
ALB
A/GR
LBUN
LB/C
LTBIL
DBIL
LBLS
ALK
LDH
CRE

1

0.95
0.93
0.82
0.78

0.35
0.27
0.23
0.21
0.16
0.08
0.03
0.03
0.01
0.06
-0.01
~0.03
0.13
0.06
-0.08
-0.04
0.04
0.05
0.01
0.15

2

0.14
0.04
0.04
-0.07
0.21
—0.08
-0.10
-0.0!
0.43

0.83

0.86]

0.55
0.52
0.35
0.24
=0.15
0.17
0.02
0.12
0.04
0.13
0.15
0.14
0.27

3

=0.05
-0.01
=0.06

0.01
-0.33
—0.38
=0.20

0.02
-0.10
-0.01
~0.03

0.14
=0.13

=0.70 -

0.74
0.86
0.02
0.08
0.14
0.06
0.11
-0.03
0.12
-0.04

FACTOR NUMBER

4

=0.01
0.01
0.17
0.18
0.05
0.11
0.29
0.08
-0.02
0.15
-0.05
0.19
0.16
0.03
0.03
0.11
0.93
0.95
-0.04
0.01
0.08
-0.10
-0.01
-0.06

5

-0.01
=0.0S
0.15
0.13
0.11
0.14
=0.13
—0.06
=0.28
0.01
=0.06
-0.27
=0.07
0.09
=0.06
=0.12
0.01
0.03

=0.90
—0.93

0.07
0.15
-0.01
=0.01

6

-0.04
-0.21

0.01
-0.19

0.15

0.09
—0.43
|- 0.791
-0.50
-0.13
~0.05
-0.27
-0.60
—-0.54
-0.24

0.33
-0.01
-~=0.02
-0.06

0.10
=013

=0.24
0.02

7

=0.09
-0.04
0.26
0.30
-0.34
0.22
0.19
0.01
0.25
0.C5
0.09
0.37
=0.05
~0.06
~0.03
=0.01
0.20
=0.25
0.10
-0.07
=0.10
=0.02
-0.03
0.86

0.04
-0.01
0.11
0.06
0.50
0.33
0.39
0.28
+~0.04
0.10
0.06
0.09
-0.10
=0.14
=0.12
0.10
0.02
0.02
0.07
-0.08
-0.18
0.05

=0.06

9

0.09
-0.36
-0.28
0.08
-0.20
-0.58
-0.18
-0.13
-0.23
-0.15
-0.09
0.08
0.19
0.02
-0.07
0.06
-0.07
-0.06
0.08
0.0
- 0.86]
-0.01
0.17
0.01
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BUN/Crestinine ratios. Seven factors were identified.

L(Serum PCB)
LTR1
CHOL
LGGTP
LALK
SERVICE
LDH
GLOB
TPROT
LSGOT
LSGPT
URIC
SEX

% FAT
LTBIL
DBIL
LBUN
CRE
LBLS
ALB

TABLE 13.7. ROTATED LOADING FACTORS

Table 13.7. Rotating factor loadings from FACTAN analysis. Correlation matrix has been
reduced by elimination of all but one measure of PCB level, the A/G and the

0.62
0.80
0.75

0.41
0.41
0.37
0.33
0.30
0.26

-=0.11-

0.03
0.15
0.02
0.22
0.05
-0.06
0.19
=0.02
0.15
-0.01

FACTOR NUMBER

2 3 4 5
002 -0.17 =003 =020
0.24 0.08 =006 0.10
0.09 -—0.16 0.08 -0.20
IO.SE 0.24 0.21 -0.10
0.40 033 =0.23 0.3§
-=0.10 =003 -0.17 0.51
Ll2 =023 =001 -0.08
0671 -0.11 =0.17 0.19
0731 -=0.02 - 0.04 0.11
0.79) —0.07 005 =020
0.76f ~-0.05 0.08 -0.30
0.58 0.28 0.22 -0.39
-0.12 |-089% -0.13 0.24
0.17 |=079 =0.12 -0.08
0.13 0.17 0.87}] -0.03
0.03 0.05 0.93 0.03
013 ~003 =002 [0.59
0.25 026 -—002 |[=067
012 ~-0.04 -=0.12 =0.06
0.14 0.17 0.08 -0.01

6

0.03
0.11

- =0.13

-0.08
0.01
-0.21
0.34 -
-0.37
0.21
0.05
0.11
0.20
0.05
-0.14
0.1
0.01
0.18
-0.14
0.26

)

=0.02
0.04
=0.04
-0.20
0.16
~0.38
0.56
0.01
0.13
-0.06
-0.05
0.14
0.06
0.03
0.18
-0.03
-0.09
0.16

i'—0.79'

0.08
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b, Triglycerides were nsed as s dependent variable either deleting the

data cases with > 400 mgms/DL or using the results of the maximum S
likelihood technique for censored data. Ia the latter case the
program did not provide F-ratios and other statistics of the fit,

A spread factor (standard deviation) only was calculated.

¢. Regressions were performed as a total regression and then checked
using the backward stepwise procednre. The residuals were
evaluated in each case for normality. Partial residunals ;e:e
obtained when the mazimum likelihood technique was used. These
plots are.helpfnl in testing the assumption of a f&near_podel. The
positions of the censored data in the plots were also el amined.:

They were found to be randomly distributed.

Resanlts a

The results of these analyses are presented in Tables 13.8 - i3.15,
The entries in the tables are the coefficients of the regression egua-
tions and the stars indicate statistical significance of the independent

variable equal to or greater than 95 percent, i.e., the 95 perceat con-

fidence limits of the coefficient did not include zero.
The data may be summarized as follows.

Sernm Triglvcerides

There was 8 significant positi#e association between log serum tri-
glycerides znd log serum PCB levels either as Aroclor 1242, Aroclor 1260
or tot;l PCB (Table 13.8). Equivalent relations were found using either

the maxzimum likelibood techmnigue or with deletion of data cases with
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AT,

likelihood estimate of serum triglycerides (MLE) and the case where
trigiyceride values 2 400 mgms/100 ml are deleted (DELETED). The
coefficients of the regression are given: stars indicate a significance

TABLE 13.8. TRIGLYCERIDES VS, SERUM PCB OR DDE

Table 13.8. Multiple linear regression study of serum triglycerides as
dependent variable. Independent variables: serum PCB as total PCBs
(Aroclor 1242 + 1260), L-PCBs and H-PCBs: serum p, p’-DDE;
percent body fat, sex and service. Two cases are shown: the maximum

2t the § percent level or better. Using the maximum likelihood estimate

the conventional statistics of the fitted equation cannot be calculated:

s spread factor only'is obtained {entered under S.D.).

N

TOTAL PCB's

MLE® 131

DELETED®® 120
L.PCB

MLE 156

DELETED 143
H-PCB

MLE 126

DELETED 120

. DDE
MLE 156
DELETED 143

INTERCEPT PCB/DDE % FAT

1.66
1.68

1.67
1.68

1.80
1.79

1.78
1.83

COEFFICIENTS
SEX
0.i68*  0.013* -0.219°
0.155° 0.008 ~0.133°
0.156° 0.014* ~-0.224*
0.146° 0.010° =—0.144°
0.222° 0.012* =0.156°
0.197* 0.008 ~0.096
0.287*  0.013* -0.197°
0.194*  0.010* -0.138°

* MLE=Maximum Likelihood Estimate
** TRIGLYCERIDES > 400 mgm/100 m! deleted

-0.002
~-0.0008

-0.001

-0.0005 -

=0.007°
-0.003

=0.002
=0.0007

191

STATISTICS OF FIT

6.29

8.30

6.39

6.46

SERVICE F-RATIO SD

0.213
0.188

0.207
0.182

0.208

-0.188

0.203
0.186

R R?

0.424 0.180

0.440 0.194

0.426 0.182

0.397 0.158
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> 400 mgms/100 ml, except for the correlation with percent body fat in

the case of log total PCBs and log A-1260 which fell below the 95 per— Ny
cent significance., An equivalent association was found with p, p’

- DDE. Tbe largest F-ratio was found with log A-1242.

VWhen PCB and DDE levels were stated as distributed in serum lipids
(sum of triglycerides and cholesterol) the log serum triglyceride level
was not significantly dependent on log serum PCBs or DDE (Table 13.9)
but was gssociated with the percent body fat. When PCBs and DDE were
stated as body burden (Table 13.10) log serum triglyceride ievel was
significently dependent only when the percent body fat was removed as 2n
i~dependent variable in the case of the Aroclor 1242. “There was no

association of log serum triglycerides sand log p, p' — DDE body burdea.

In Table 13.11 we show the results obtsined when bothk PCBs aand DDE
are incloded &s independent variables ana compare the meximum likelihood
estimates for the total population to that for meles alone, and the
results of the backward stepwise regression where the serum triglyceride
data cases imvolving ) 400 mgms/100 ml were deleted. For serum levels
triglycerides are significantly dependent on both PCBs snd DDE. Log
serunm triglycerides were dependent on Jog PCB body burdem only when per—

cent body fat was removed from the regression.

Log serum triglycerides were positively related to percent body fat
but negatively related to sex, the latter arising because of the com

puter coding where a negative relation indicates s relation with males.
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TABLE 13.9 TRIGLYCERIDES VS. ADIPOSE TISSUE PCB OR DDE

Table 13.9. Same as Table 13.8 except calculated values for adipose
tissue PCBs and p, p'-DDE have been used. No significant
association between serum triglycerides and adipose tissue values were

found.
N COEFFICIENTS STATISTICS OF FIT

TOTAL PCB's INTERCEPT PCB/DDE % FAT SEX SERVICE F=RATIO SD R R?

MLE 131 1.92 0.030 0.016* ~-0.222° 0.003 0.226

DELETED 120 1.87 0.061 0.011* =-0.138* 0.0004 2.58 0.199 0.287 0.082
L-PCB

MLE 156 1.89 0.037 0.017* =0.232* -~0.0006 0.218

DELETED 143 1.85 0.063 0.011* -0.152* -0.00004 392 0.192 0.319 0.102
H-PCB ‘

MLE 126 1.8 0.020 0.015* =0.199* -—0.001 . 0.223

DELETED 120 1.94 0.043 0.011* =0.129° -=00002 - 2.22 0.200 0.268 0.072
DDE .

MLE 156 1.94 -0.012 0018 ~-=0.229* -~0.0004 ' 0.219

DELETED 143 1.94 -0.044 0014 -0.150 0.0004 3.29 0.194 0.295 0.087
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TABLE 13.10 TRIGLYCERIDES VS. PSC OR DDE BODY BURDEN

Table 13.10. Same as Table 13.8 except calculated values for PCB and
p, p'-DDE body burden have been tised. When percent body fat is
eliminated as an independent variable, an associstion was found

between the L-PCB body burden and the serum triglycerides.

N

TOTAL PCB's
MLE FFAT" 131
SFAT* 131

DEL ZFAT 120
SFAT 120

L-PCB
MLE TFAT 156
SFAT 156

DEL 7FAT 143
SFAT 143
H-PCB
MLE TFAT 1%
SFAT 126
DEL TFAT 120
SFAT 120
DDE

MLE TFAT 156
SFAT 156
DiL SFAT 183

1.98
2.22

2.01
2.14

1.97
2.23

2.00
2.14

2.03
2.32

2.05
2.24

roto -
[NIWERV.]
s ) -t

INTERCEPT PCB/DDE % FAT

COEFFICIENTS
SEX
0.030 - 0.015* -0.214°
0.083 - =0.093
0.064 0.008 —0.121
0.094° - -0.051
0.037 0.016* =-0.222"
0.094* - =0.094°
0.066  0.010* ~0.125*
0.101° - ~0.053
0.023 - 0.014* -0.192°
0.093 - -0.066
0.049 0.009 -0.115
0.097 - —0.031
-0.013  0.018* -0.233°
0.112 - -0.085
0.056 - -0.038

* % Body fat included as independent variable
** &% Body fat removed as independent variable

-0.0002
0.001

0.0005
0.001

-0.0005
0.001

0.0002
0.00t

—0.001
-0.001

—0.0003
~0.0003

—0.0004
0.001
0.002

194

STATISTICS OF FIT

2.64
2.49

1.90

1.03

SERVICE F=RATIO SD

0.226
0.233

0.199
0.200

0.218
0.226

0.192
0.195

0.233
0.228

0.200
0.202

0.219
0.228
0.200

R

0.290
0.246

0.321
0.266

0.271
0.261

0.48

R2
0.084

0.060

0.010
0.070

0.073
0.047

0.218
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TABLE 13.11. TRIGLYCERIDES VS TOTAL PCB’s AND DDE

Table 13.1}. Same 2s Table 13.8 except PCB’s and p, p’-DDE both
inciuded as independent variables and male data has been analyzed separately.
Backward step regrssion (DELSTEP) showed a PCB body burden and secrum
triglyceride association only upon deletion of percent body fat as an
independent variable.

N COEFFICIENTS STATISTICS
INTERCEPT PCB DDE %FAT SEX SERVICE F-RATIO SD R R?

SERUM ’
MLE 131 1.57 0.131*  0.257° 0.009 =0.176° —0.002 0200 =~ -
MLE. MALES10S  1.35 0.153*  0.236° 0.009 - —~0.001 0.216
DEL.STEP 125 1.56 0.139° 0222 =~ - - 19.60 0.186 0.493 0.243
ADIPOSE ‘ :
MLE 131 1.92 0.032 -0.032 0.017° —0.824* —0.0003 0.226

MLE, MALESI10S 1.60 0.062 <0.111 0.018° -
DEL. STEP 125 1.94 - = 0.014% —0.169°

BODY BURDEN . : ,
MLE ¢t FAT 131 1.92 0.032 -=0.031 0.016° ~-0.22¢4* -0.0003 0.226

0.0009 0.239
- 590 0.204 0.297 0.088

SFAT 131 2.32 0.068 0.072 - -0.095 0.001 0.233
MLE,  MALES
T FAT 105 1.49 0.062 -0.166 0.020° - 0.0008 0.239
DEL STEP
¢ FAT 125 1.94 - - 0.014* ~0.169* - 590 0.204 0.297 0.088
T FAT 125 2.10 0.102% - - - - ‘638  0.208 0.222 0.043
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Other Variables

Serum cholesterol has a positive significant association with log
serum PCBs and LDDE but not when stated as adipose tissue or body
burden. Serum cholesterol was service— and/or age~dependent. Log serum
GGTP is associated with log serum total PCBs, p:inarilf the Aroclor-1242
component, but not with log serum DDE. These same associations were
found with body burdem values (wben percent fat is omitted in the
regression) but not with adipose tissue levels vie:e the association was

with percent body fat.~’

Table 15.12 is equi;nlent to Tabie i3.11 where $oth PCB and DDE are
i#dependent variabies aud males are analysed separately. In the back-
ward stepwise regressions log serum GGTP was shown to be associated with
pe.cent body fat rather than PCBs when fat is incloded as sn independent

variable,

In Tables 13.13-13.15 s positive coefficient for sex was found in
the case of LDH but the regression equation was mot significant. A
positive relation wes alsc found in the case of A:o-1260. DDE body

burden and cholesterol which were statistically sigpificant,

Log sernm SGOT and direct bilirubin were negatively but not siganif-
icantly related to log serum total PCBs, but these relations disappeared
for log PCB body burden. A number of variadbles were significantly
related to body fat in the adipose tissue regression (Tadble 13.13):
namely, the liver enzymes (GGIP, SGOT and SGPT), serum proteins (total

protein, globulin) snd ronprotein aitrogem comstituents (BUN,

creatinine and uric acid).
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TABLE 13.12 TOTAL PCBs AND DDE

Table 13.12 Same as Table 13.8 except PCBS and p,p'-DDE both included as
independent variables and male data has been analyzed separately.

step regression (STEPALL) showed a PCB body burden and serum GGIP association
only upon deletion of percent body fat as an independent variable.

SERUM

CHOLESTEROL
MALE
STEPALL

LGGGTP
STEPALL

ADIPOSE

CHOLESTEROL
MALE
STEPALL

LOGTP
STEPALL

BODY BURDEN

CHOLESTEROL
THAT
MALE
_ STEPALL
SFAT
MALE
STEPALL
LGGTP
CFAT
STEP
JFaT
STEP

N

131
108
131
131
131

131
10§
131
131
131

13
108
131
131
10§
131

131
131
I3
131

INTERCEPT PCB -

106.67

103.78

110.51
0.917
0.95%

170.01
149.55
206.16
1.06
117

148.20
128.53
206.16
208.39
202.0)
206.16

1.24
IRE)
1.47
1.43

24.82°

2.66°

25.02°
0.099
0.177

5.99
7.14
0.0M

5.59
110

10.93
10.84
0.068

0.089
0.116°

COEFFICIENTS

DDE  %FAT
40.5¢°  0.761
4754 0177
43.23° .
0.107 0009
. 0.011
~1434 212
~1545 196
0.018  0.012°
. 0.014°
~1511 244
1551 224
0.181 .
017 .
0101  0.010
. 0.014*
0.0m .

-

SEX
«10.32

-0.287
-0.308

-18.36

-0.310*
-0.317

~20.719

-0.291°
-0.317°
-0.215¢

0.218°

SERVICE F-RATIO - SD

1.31°
1.51°
1.42
0.0007

1.60°
1.86%
1.98

0.001

1.58°
1.84°
1.93
1.83°
2.11°
1.98

0.002
0.003

Backward

STATISTICS OF FIT
R R?

- 8.07 45.66 0454 024"
9.2} 47.81 0.519  0.269°
13.37 4543 0490 0240
59 0.243 0437 0.191°
9.17 0.243 0422 0.17%
3.9 4882 0365 0.136
4.46 51.52 0389 O.182°
14.93 4894 0323 0.104°
4.61 0.248 0.395 0.156*
10.34 0.248 0373 0.139°
1.9§ 4881 0368 0137
4.47 51.52 0329 0.152°
14.98 4894 0323 0.104°
4.0] 4927 0336 0012
5.23 5178 0.368 0.134*
14.98 4394 0323 0.104°
4.5 0.249 0393 0.155°
10.34 0.248 0373 0139
5.15 0.250 0375 0.140°
9.34 0250 0.357 o0.127
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TABLE 13.13 SERUM LEVELS

Table 13.13 Multiple linear regression study of other biochemical serum
variables, each taken singly as the dependent variable. Independent
~variables are serum PCBS (total), percent body fat, sex and service.
Serum cholesterol and log GGTP were analyzed with serum L-PCB,

H-PCB, and p, p’-DDE. The table entries are the same as
Table 13.8-11. A number of significant regressions were observed not

involving PCBS which have been_ starred.

CHOLESTEROL
LGGTP
LSGOT
LSGPT

LDH
LALXPH
LTBIL
LDBIL
TPRO
ALS * .
GLOB -3
LBUN" 2
CRE

URIC

LBLS ..

CHOLEST
LGGTP

CHOLEST
LGGTP o

CHOLEST
LGGTP

N

131
131
130
130
131
13
N
15}
1
131
131
11
131
131
131

156
156

131
13t

156
156

120.76
0.954
1.39
1.42

136.23
1.36

-0.073

- -0.693

687
4.80
217
L1
129

1.96

129.76
1.0

13648
1us

155.87
1.18

COEFFICIENTS
s SERUM
INTERCEPT TPCE

30.62°
0.118*

-0.001
0.024
2.25
0.042
0.013

~0.006
0.134
0.092
0.097
0.020
0.013
1.90
0.0003

SERUM
L-PCB
27.04°

0.118°

SERUM
H-PCB
45.62°

0.098

SERUM
DDE

31.39°
0.056

%FAT

1.47
0.011*
0.006°
0.010°
1.00
0.003
0.003
=0.001
0018
-0.119°
0.023¢
0.007*

0.008* -

1.21°
0.00]

1.45
0.012°

1.92
0.011°

1.39
0.013°

SEX

-17.00
-0.304*
-0.095*
-0.177

4.58
-0.035
-0.157*
-0.088
-0.224
=-0.009
-0.142
-0.105*
-0.209

-26.06°
~0.024

-15.22
-0.336°

-7.37
-0.283*

~11.84
=0.334*

1.29°
0.0007
~0.0008
-0.002
-0.112
-0.002
-0.004*
-0.004
-0.009
~0.004
~0.0005
0.0008
0.001,
~0.2:8
0.001°

1.2
-0.001

1 0.349
~0.0007

1.28°
0.0008

SERVICE F-RATIO

1.67
6.84
1.5)
4.26
1.52
1.48
4.84
1.69
2.20
2.67
3.23
4.31
4.60
20.18
2.63

8.35

STATISTICS

sD

46.92
0.264
0.138
0.152

3239
0.112
0.157
0.240
0418
019
0.382
0.107
0.184

10.00
0.051

4% 96
Q.247

45.95
0.246

0.442
0.422
0.214
0.346
0.214
0210
0.365
0.226
0.255
0.280
2.305
0.347
0.357
0.625
3.278

0.426
0.446

0.474
0.400

0411
0.406

1s8

0.169
0.165
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TABLE 13.14 ADIPOSE TISSUE LEVEL

Table 13.14 Same as Table 13.13 except calculated adipose tissue
PCBs and p, p'-DDE have been used. There were no significant
associations with PCBs of p, p'-DDE.

N COEFFICIENTS STATISTICS OF FIT
INTERCEPT ‘2;’&5"3 %FAT SEX  SERVICE F-RATIO SD R
CHOLESTEROL 131 163.51 5.01 197 -17.4 162 474 4873 0362
LGGTP 131 1.06 0.072 00i12° =012  0.001 5.80 0.247 0.3%¢
LSGOT 130 1.40 -0.003 - 0006 -0095  =0.0008 1.51 0.138 0218
LSGPT 130 1.48 0.009 0ot1® =017  =0002 410 0.152 0.340
LD 131 TIRT] ~0.687 1.05 467 -0.076 149 3240 0212
LALKPI 13 1.41 0.021 0003  -0037  —0.001 0766 0113 0154
LTBIL 3 -0051 00008 0003 <0157 =0.004° 430 0.157 0363
LDBIL 13 -0.215 0009 0001 -0089  —0.008 1.69 0.240 0.226
TPRO it} 2.07 0.028 002* -0226  —0.008 1.5 0422 0217
ALB 131 435 0.083  -0.0i8 0017  —0.003 2.57 0.330 0374
GLOB 131 232 0016 0.025° ~0.143 0.0006 28 0384  0.286
LBUN 13 1.13 0.010 0007 -0106°  0.0009 413 0107 0.341
CRE 131 .37 - 0.028 U.008* -0312 0001 an 0.03¢ 0361
URIC 131 $922  _  0.559 124°  -2606°  ~-0.225° - 2018 1000  2.628
LBLS 13 1.97 ~0.006 0001  -0.02) 0.001 - 2.10 0.051 0.281
' ADIPOSE
L-rCB .
CHOLEST 156 169.48 492 20 =647 142 531 - 4718 0381
LGGTP 156 LN 0.0% 0.013° -0.346° —0.001 3.04 0.2¢4¢ 0.491
ADIPOSE
H-PCB
CHOLEST 13 172.22 6.04 197 =16.24 1.54° e7 4878 0361
LGGTP 131- 1.15 0.02) 0.013* . -0.304°  0.001 5.30 0.249 0379
ADIPOSE
DDE
CHOLEST 156 178.23 -20.26° 227 -6 1.51° 532 4690 0.365
LGGTP 156 1.22 ~0.069 0.015° —0.340°  —0.0004 2.49 0.2¢6 0407

R?

0.131°
0.156°

0.116°
0.045
0.024
0.132*
0.050
0.047
9.075
0.082
2.116°
0.130°
0.391°
0.079

0.123*
0.175*

0.181°
0.144°

0.134
0.166°
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CHOLESTEROL
LGGTP
LSGOoT
LSGPFT
LDH
LALKPHO
LTBIL
LDBIL
TPRO
ALB
GLOB
LBUN-
CRE
URIC

CHOLEST

LGGTP i

CHOLEST
LGCTP

CHOLEST
LGGTP

N

13t
3]
130
130
131
N
131
13}
131
131
131
I3
131
131

156
156

I
1

156
156

TABLE 13.15 BODY BURDEN VALUES

Table 13.15 Same as T:ble'l3.l3 except calculated values for PCB and
p. p'-DDE body burden have been used. Log GGTP is associated with
L-PCB when percent body fat is removed as an independent variable.

208.14
1.8
1.49
1.63

156.53
1.49

-0.003

-0.721
7.44
42
.74
1.26
1.44

9.7

210.U6"
1.8

223.17
1Ly

205.59
1.49

COEFFICIENTS
INTERCEPT “UTRDEN %FAT

PCB

10.97
0.103°
0.018
0.047
2.9
0.029
0.012

BURDEN

L-PCB

11,12
0.112*

BURDEN

H-PCB

14.68
0.08

BURDEN

DDE

-1.23

0.04

A L B R )

SEX

-1.65
-0.213
~0.045
-0.091°
13.06
-0.012
~0.133°
~0.100
-0.066
-0.159
-0.057
-0.051°
-0.148°
~16.16

-0.379
-0.241

-0.907
-0.139*

2.19
-0.220°

1.83°

0.003
=0.0001
=0.0005

0.034
~0.001
«0.004°
«0.008
~0.006

-0.005

0.003
0.002
0.002
-0.097

1.65* -

1.54*
0.002

1,75
0.001

STATISTICS OF FIT
SERVICE F-RATIO

5.39
6.54
0.730
2.56
1.30
0.718
6.19
2.24
0.822
1.61
1.16
a2

526

14.75

5.84

"9.07

547
553

537
6.66

sD

49.08
0.250
0.13%
0.157

32.83
0.113
0.156
0.239
0.427
0.387
0.394
0.109
0.185

10.99

Qase

C.247

49.04
0.252

47.84
- 0.252

R

0.336
0.366
0.131
0.240
0.173
0.129
0.387
0.224
0.138
0.191
0.163
0.258
0.333
0.508

0.321
0.390

0.38
0.340
0.304
0.341
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R?

0.113°
0.134¢
0.017
0.057
0.030
0.017
0.128°
0.050
0.01%
0.037
0.027
0.067
0.111°
0.258°

0.103*
0.152°

0.114°
0.116°

0.093°
0.116*
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Discussion

In classic Yusho (PCB+PCDF+PCQ) poisoning the predominant biochemi-
cal finding bhas been an elevation in serum triglyceride level. This has
been interpreted in the Japanese literature to be a consequence of 2
lowered triglyceride removal tbhrough diminished lipoprotein lipose
activity at the tissue level. Normal levels of cholesterol were found.
Although pathological evidence for the induction of mized functiom oxi- -
dasc was dctermined in one subject, no abnormalities of serum GOT, GPT
or BSP retention were found. Alkaline phosphatose and e, -.globulin
levels were slightly el vated, serum glbunin and totsl bilirubin |
decreased. The p:incipa1>evidence for induction of mixed function cxi-
dase activity was indirect and consisted of hormene dég:adntioﬁ snd

endocrine diso:ders.(19)

In Aroclor 1242 exposure associated with capacitor manufacture, Ouw
et 11.(20) found some individual abnormal results (elevated total pro-
tein, decressed e, - globulin, elevated GPT) but the population mezns

were within the normal range. Jan the Fischbein et al. study(ZI)

of 32

workers exposed sequentially to Arocler 1234. 1242 and 1016 ‘there was

also a paucity of abnormal results. Cholesterol values were elevated in

17.8 percent (>300 mgms/100 ml) but only S5.4 percent of the population

showed triglyceride values 2250 mgms/100 ni. BUN and creatinine levels

-Eirieg-ﬁslsoning and Pollution, E.K. Higuchi, Academic Press, New York 1976.

20 Ouw, K.H,, Simpson, G.R,, snd D.S, Siyali, The Use and Health Effects of
Aroclor 1242, A Polychlorinated Biphenyl in azn Electrical Industry. Aczch,
Env, Heslth 32: 189-194, 1976,

21 Fischbein, A., Wolff, M.S., Lilis, R., Thoratom, J., and XI.J. Selikoff.

Clinical Findings Among PCB-Exposed Capascitor Manufacturing Workers. Aan,
N.Y. Acad, Sci. 320: 703-715, 1979,
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were increased in 5.3 and ¢.0 perceant respectively, but only six sub~-
jects showed elevated levels of SGOT, SGPT and LDH and none were

elevated in the case of alkaline phosphatase and bilirubin.

a1, (22)

Maroni et studied 80 capacitor workers exposed to

Piralone 3010 and Apirolio, both containing 42% chlorine, and found more
or less pronounced hepatic involvement with hepatomigaly in some and
increases in serum GGT, AST (aspartate aminotransferase), ALT (alsnizne
amimotransfersse) and OCT (orthithin - carbemayl transferase). Nome of
the workers had a history of '‘excessive’’ intake of alcohol or drugs.
There was a statistically significant nssoci:;i‘A between the prevaleace

of liver involvement and blood FiB level which was more pronounced for

the lower homologs.

Recently two papers have eppeared in which the relntibn of zenobi~
otics to the biochemical variables im blood ”gfé studied by multiple

linear regression techniques. Kreiss et 11.(23)(24)

studied a group of

S00 subjects exposed to DDT (mostly) and PCBs (assayed as Aroclor 1260),

presumably from a common dietary source., Serum DDT and PCB levels were

strongly correlated (R = 0.83) and both were a function of age. Serum

cholesterol, but not triglyceride level was 8 significant independent

predictor of serum PCB level, but no relation was found with HDLC. Llog

y-glotamyl transpeptidase was positively correlated with log serum PCB

T22 Meromi, M., Columbi, A., Arbosti, G. et al. Occupations]l exposure to
polychlorinated bipheayls im electrical workers, JI. |Health effects.
Brit. J. Ind, Med, 38: 55-60, 1981,

23 Ereiss, K., Zack, M.M,, Kimbrough, R.D. et al,, Cross—sectional Study of A
Community with Exceptional Exposure to DDT., JAMA 245: 1926-1930, 1981,

24 Kreiss, E., Zack, M.M,, Kimbrough, R.D. et al., Association of Blood Pres-
sure and Polychlorinated Biphenyl Levels, JAMA 245: 2505-2509, 1981,

11.2441
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independent of alcobol consumption and age, but other Jiver funmction
tests {(total bilirubin, serum glutamic pyruvic transaminase) were not
correlated. Log serum PCBs were s negative function of the body mass

index,

log serum DDT was positively correlated with log serum trigly—
cerides, with serum cholestercl and with log GGT, but no correlation was
found with obesity independent of triglycerides, cholesterol and age.
The analysis was eonpliéated by the collinearity of DDT end PCBs and of
triglycerides nn@ cholesterol. The retention of DDT with 1ge was not
associated with urinary findings, "erum c;eltinine or history of kidaey
disease, The DDT isomers, o,p’ - and p,.p' - DDE, nnd? up 86.7 percexnt

of the total DDT 1level.

In 8 stody by Smith et a1.(29) three groups of workers occupation-
ally exposed to PCBs were analyred with respect to job exposn£e and
bealth effects. The population included 231 capacitor wo:ﬁers exposed
to Aroclor 1242 and 1016 (but not Aroclor 1254) and 93 transformer
maintenance and repair employees exposed to Aroclor 1254. PCBs were
quantitated as lower and higher bomologs hsing Azoclor 1242 and
1254, Standard peaks with equivalent retention times were quantitated
oaly once by using peaks before DDE ss lower homologs and those after as
higher bomologs. In multiple linear yegression studies the coefficients
for the bigher and lower homeclogs were remarkably similar suggesting
similar absorption and metabolism kinetics. A statistical test of the

equality of the regression coefficients showed them to be

.

25 Smith, A.B., Schloemesr, J., Lowry, L.EK., et sl., Metabolic and Health

Consequences of Occupational Exposure to Polychlorinated Bipheanyls (PCBs).
NIOSH report, April 1981, (to be publisbed). o

10
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indistinguishable for age, sex and duration of exposure, but different

for job classification. This led to the finding that the serum H-PCB

was a function of present job category and not a measure of cumunlative

exposure,

This finding is at variance with the present study where there was
substantial exposure to Aroclor 1254 and to the findings of Maroni
et al. where the higher homologs were found in greater comcentration
than the lower homologs snd were correlated with the duration of expo~

sure.

Smith et a1, found significant partial correlations, ia.the pres—
ence of confounding variailes, between log (SGOT), log GGTP, clolesterol
and log (triglyceride) and either serum log (L-PCB) or log (H-PCB) lev—
els at st least one site, but the tremd was not homogeneous for
cholesterol across all three sites. ch.HDLPchclegtcrol was negati?ely

correlated with log (B-PCB).

The positive relation of seram lipids and serum PCBs which we
report, snd which has been found by others, sppears to be adequately
explained by the fact tbat PCBs tend to distribute equally smong all
nonstructural lipid compartments in the body, and hence PCB levels in
the serum must, of mecessity, follow those of the serum lipids. The
generality of the phenomenon is furtber demonstrated by the equivalent
association between p, p’ = DEE and serum lipids in this population.
Serum lipoproteins were not determined s0 that the relative importance
of the various individual serum lipid compartments involved is uncer—

tain. Smith et al. reported a negative associstion of sexum PCBs and

11 ' —

11.2443
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HDL-cholesterol (not confirmed by Kreiss et al.). However, in ounr study

the cholesterol to triglyceride ratio declined as their sum increased
(Figure 13.21 suggesting a declining HDL-cholesterol level with sn
increasing pre~Beta and Beta-lipoprotein fraction as the total lipids

increased.

Tbis analysis indicates the importance of percent body fat as &
regressor varisble., In the Kreiss et al. study they observed a negative
correlation of obesity (as measured by the bdody mass index) with serﬁn
PCB level in their subjects with relstively 10; serum PCB levels. In
our highly exposed subjects the relatipn was pusitive;‘zh.t is, the
Jarger the lkpid reservoir; the higher the body burden. The effects of
ch;nges in body weight on serum PCB levels are well doénnentcd. Follow—-

ing weight loss, higher serum PCB levels are observed.(zs’z"zs'zs)

Ye
bave had sz opportunity to observe one c:sc‘of hypertriglyceridemia in
which a nonfat vegetable diet reduced the level fram 675 to

218 mgms/100 m1 which was associated with a reduction of serum Aro—-

clor 1242 levels from 1195 to 774 ppb in approzimately ome montk.

The sssociation of hypertriglyceridemis and obesity has been stud-

ied by Albrink and Hei;s(27)

in an industrial population in which as

many as 40 percent of the males were observed to have elevated serum

triglycerides. They differentiated ‘‘acquired’’ adglt obesity from

"natural® lifelong cbesity by skinfold thickness measurements amd

T26 Desseiberg, R.J. and D.D. Sherr, PCB's and p,p’-DDE in the blood of
cachetic patieats. Bull., Eanviron. Contam: Topical. 11: 202-205, 1974.

27 Albrink, M.J. snd J.W, Meigs, Interrelationship Between Skinfold Thick~

ness, Serum Lipids snd Blood Sugar in Normal Mezn, Am. J. Clia. Nutritio=,
13: 235, 1964 . .

12
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Figure 13.21. Cross-plot of the serum cholesterol to serum triglycerigde
ratio vs. the sum of serum triglycerides and cholesterol (LIP79).
The mean value of the ratio is 1.77.
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found that the triglyceride elevautions were associated with acquired

trunkal rather than the innate extremity obesity.

Martin, et .1.(28)

have described a significant positive associs—
tion between serum GGTP and serum triglyceride concentration, particu-
larly with the pre—f lipoprotien fraction inm 109 consecutive patients,
They suggested that the association was due to microsomal eazyme induc~
tion by ca:bohydzate.excess. in particunlarcly fhosphltidic acid pbosphe—
tase which converts a¢,B~diglyceride phospbate to a,p~diglyceride in tri-
glyceride synthesis. These findings suggest that the corr=lations
between the serum levels of PCBs and GGTP a;en in onf,ﬁopglltion conld

arise from the association of both of these parameters witk manifesta-

tions of dietary excess.

There is now abundant evidernce that many of the icdividuai PCB iso-
mers in the group anaslytically described as '’Aroclor 1242'’ or as
*'Lower PCBs (L-PGB)'’ are capable of inducing the P450 type of mixed
fuonction oxidases in laborstory animals., A few individual isomers in
the groups reported by azalysts as ’'‘Aroclor 1254,"'' ‘‘Aroclor 1260,'’
or ''higher PCBs (B-PCB) '’ are clearly capable of inducing the P448 type
oxidases in rodents if present at sufficiently high levels, The direct
measnrement of either type of mizxed function oxidase induction cn::entiy
requires use of liver tissue samples: as & consequence they can be
evalunsted in humspn patients only through indirect meessures, Such mea—-
sures, €.8., nanifest:tions of chloracnogenic response as indicators of

P448 activity, currently provide no evidence that E-PCBs alone, at the

S a—————— ° ’
28 Martin, P.J., Martin, J.V., and D.M. Goldberg, y-glutamyl Transpeptidsse,
Triglycerides and Enzyme Induction, Brit. J. Med 1: 17-18, 197S.
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serum levels seen to date, have even led to P448 induction in humans,
However, preliminary evidence for P450 inductions in PCB-exposed capaci-
tor workers, as indicated by reduced antipyrine clearance times, has been

reported by Alvares et 31.(29)

As previously noted, the Japanese investigators of the Yusho
(PCT+PCDF+PCQ) poisoning episode noted alterations in steroid metabolism
which they ascribed to mixed function ozxidase activation., In sddition,

Birayama et al.(SO)

have reported hypobilirubinemis in follow—up studies
in Yusho patients and ascribed the finding to mixed function oxidase
induction 2nd angmented bilirubin eliminstion. Both serum trigly-
cerides and serum PCBs (B;PC§SJ were significant invérse functions of °
serué bilirubin concentration. Neither finding wes observed in our
population of PCB-exposed cepacitor workers, but Qe did note & nor-
significant inverse correlation betwee; log serum Aroclor 1242 aad 1260
and log direct bilirpbin, It probably should also be noted tﬁat at the
time of Hirasyama’s measurement, the PCB levels in the Yosho population

bad fallen to levels below that of the US background: hence their possi-

ble clinical significance is uncerxtein.

In summary it would appear that the simple correlations of serum
PCB levels with those of serum lipids, serum enzymes such as GGTP, aand
sernxm bilirubin do not provide an sdequate basis for inferring that PCBs

can effect alterations in buman liver functioms. For our owa

~——-+
29 Alvanes, A.P., Fischbein, A., Anderson, E.E. and A. Kappas, Alterations in
Drug Metabolism in Workers Exposed to Polychlorinated Biphenyls, Clisn.
Pharmacol. Therap. 22: 140-146, 1977.

30 Birayama, C., Okumura, M, Nagai, J. and Y. Masvds, Bypobilirubinemia in
Patients with Polychlorinated Bipbenyl Poisoning, Clinica Chem. Acta 5§:
97-100, 1974.
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population, it is clearly appsrent that there is no correlation between
serun lipid levels and tbose of adipose tissue PCB, which should provide
the most direct messure of the pharmacological activity of the PCB in
the body. Instead, we have a correlation of serum PCB levels with those
of serum liquids, which arises because of the way in which PCBs are dis-
tributed in the body and presumptivity slso correlations with other
parameters that are themselves 2lso correlated with the levels of serum

- lipids.

At present, we regard caloric excess and coasequent obesity as the
primary sources of the variations im lipid netaholic'patterns that have
led to the serions sssociation between PCB levels and liver fumctien

indications in the past.

According to current interprctations, caleric excess gives rise to
. spozadic byperglycemia stimulating productio# of insulin, the most
potent hormone relating to lipoprotein lipase activity. Insulin~
enhanced lipase activity accelerates lipid uptake and deposition in the
fat depots and induces lipolysis, Weight increases during this

(31)

*fdynamic’’ phase of obesity accompanied by a relatively normal
serum triglyceride level., With established stable pdult obesity basal
hyperinsulinism dcvelops(32) associated with peripheral *'iasulin

resistance’’ which reduces lipase activity and the serum triglycerides

rises.

31 Sims, E.A., Horton, E.S. and L.B. Salans, Inducible Metabolic Abnormali-
ties During the Development of Obesity, 22: 235-280, 1971.

32 Rabinowitz, D., Some Endocrine and Metabolic Aspects of Obesity, Ann. Rev.
Med 21: 241-258, 1570, .
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As for an explanstion as to why our study populatioa should Be
exhibiting an elevated prevalence of obesity-related effects, occurring
primarily in males, we can offer no bettcr.nnsver at the moment than the
conventional vague gemeralities relating tothe life style of modern
men - lack of exercise, too much food, and the frustrations and psychic
stress of industrisl life. However, studies of this population and its

biochemical characteristics are continuing.

16
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PCB

Pulmonsry Findings

Pulmonsry fonction bas not been widely studied in association with

exposure. Yusho patients reported cough and sputum production sug-

gestive of chronic bronchitis, and although PCB’s were found in sputu=m,

pulmonary function was within mormal limits (19). Intravenoms injection

of radiolabeled PCB in mice shows selective concentration and tetgngion

in the lung (20). Certain of the isomers appeared to be retained in the

bronchisl mucoss because of structural specificity (21)., Methylsulfoayl

metabolites of some of the bgonchial-seaking’PCBS also accumulate, (22)

suggesting PCB metabolism in the lung in mice, but these observations

have not been replicated in man. In addition, pulmomary tissﬁe activity

metabolizes lipid, (23) to which PCBS are preferentiaslly bound. For

= these reasons the occurrence of respiratory disease and dysfunction in

PCB~exposed workers are of interest.

19.
20.

21.

22‘

23.

Shigematss, N., Ishimaru, S., Saito, R., et al,, Respiratory involvement
in polychliorinated bipheayl poisoning, Envir. Res. 16: 92-100, 1978,

Berlin, M., Gage, J., and S. Holm. The distribution and metabolism of
2,4,5,2',5'-pentachlorobiphenyl., Arch. Eaviron., Health 30: 141-147, 1975.

Brandt, I. Tissve localization of polychlorinated biphenyls: chemical
structure related to pattern of distribution. Acta Pharmacol Toxicol: 40
(Suppl 11), 1877.

Bergman, A., Brandt, I., asd B. Jansson. Accumulation of methylsulfonyl
derivatives of some bronchial-seeking polychlorinated biphenyls ia the
respiratory tract of mice. Tn: Transformations of some organochlorine com—
pounds in the environment studied by gas chromatography and mass spec—
trometry. Thesis, B. Jannsson., Nat. Swedish Environmeatal Protection
Board Publication SNV PM 1037, 1978.

Heinemann, H.O. and A.P. Fishman, Physiol. Rev, 49: 1- , 1969,

11.2450

211



212

Warshaw et al, (24) performed spirometric studies of a group of

volunteer capacitor workers, some of whom had high occupational exposure =
to PCBs and reported a substantijal breva]ence of reduced vitel capac-

ity (FVC < 80 pexrcent of predicted value). The prevalance (14 percent)

was equivalent to that reported for asbestos workers. Of those showing

FVC reductions, 80 perceat showed a restrictive pattern without radio-

logicsl changes. PCBS were not reported as an acute direct pulmonary

irritant, although 8-hour time weighted averege air levels in the PCB-

exposed workpliace varied from 0.6-11.0 ngms/n3 (25).

In this section we summarize our spirometric studies on direct

occupetional c¢xposure to PCBs in 1976 (Study G:ouﬁ 1). As already
indicated, this group was drawn from the same plant fopulntion as that
on the Warshaw et al. study but had had average PCB exposures, as judged

by serum FCB levels, about eight times higher, - _ ' e
Methods

As noted in Section 6 above, the initial 1976 examination consisted

of a medical history, physical examination, chest x-ray, ECG, an SMA-26

blood analysis, and spirometry. Body weight wes obtained in light

indoor clothing and height determined without shoes. In 1979 the sub-

jects were recalled for reexamination. Chest x-ray, ECG and physical

examination were repeated only in selected subjects, but special atten—

24. Warshaw, R., Fischbein, A., Thoraton, J., Miller, A., and I.J. Selikoff.
Decrease in vital capacity in PCB-exposed workers in a capacitor manufac—
turing facility. Aan. N.Y, Acad. Seci., 320: 277-283, 1979.

25. Fischbein, A., Wolff, M.S., Lilis, R., Thornton, J., snd I.J. Selikoff.

Clinical Findings Among PCB-Exposed Capacitor Manufacturing Workers. Anm.
N.Y. Acad., Sci. 320: 703-71S8, 1979.
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tion was given to the smoking history.

In the interim between 1976 and 1979 at least one examination was
performed on each individual in rotation, so that by 1979 most subjects
bad had at least two previous trials in the performance of spirometry

and were relatively comfortadle with the procedure.

Pulmonary function was evalunated in 1976 unsing a Vanguard®
spirometer with an ana}og output. Measurements were made in the stand-
ing position with a disposable filter sensor. The nose vnsfclosed with
the fingers. Computation for FVC, FEV, and FEVIIFVC were performed

manuelly by measurements from tracings and a slide role.

In 1979 measurements were made in a8 similar manner with a Yangna:d‘
DS 502 spirometer with a preprogrammed computer print—out whick utilized
the Morris (26) standards. Jn interpreting the data we have followed
Enudson et al (27), recalculating the data using their standards and
broadening the iornal raoge for FEVIIFVC to >70 pe:cenf as recommended
by ATS (28). The calibration source was a VS 300 3-liter volume cali-

brating syringe.

In both 1976 and 1979 the maximum expiratory flow curve was
recorded and examined for adequacy and reproducibility of each subject’s

® Life Support Engineering Corp., Woburn, MA

2&. Morris, J.F., Koski, A., and L.C. Johnson. Spirometriec stnnda:ds. for

healthy non-smoking adults. Am. Rev. Resp. Dis. 103: 57-67, 1971.

27. Enudson, R.J., Slatia, R.C., Lebowitz, M.D,, and B, Burrows. The maximum
expiratory flow volume curve: Normal standards, variability, and effects

of age. An. Rev. Resp. Dis. 113: 587-600, 1976.

28. ATS Statexment ~ Spowbird Workshop on standsrdization of spirometry. Am.

Rev. Respir. Dis., 119: 832-838, 1979.
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effort. At least three trials were performed by each subject and repro-
ducibility sccepted at the 10 percent level. Tracings were examined for
freedom from test artifacts (29) and the highest test for FVC and FEV1

used.

In 11 individoals for whom spirometry was not obtained in 1979, the
1976 tracings were reexamined and found acceptable, the manual calcula-~
tion was repeated and these dats were included in the stody., In 7 indi-
viduals an acceptable test was never obtained due to dental problems,

thoracic cage srthritis and other readily appareant causes.

Usable respir-tory data was obtained therefore on 187 individuals

(146 males and 41 females).

The parameters FVC, FEVl and FEVIIFVC were found to be mormally
distributed. Ezamination of the distribntions of the spirometric vari- *
ables showed four individoals (3 males, 1 female) as outlie:i with
markedly redoced respiratory function due to established chronic
obstructive'lnng disease, These subjects were omitted in deriving th;

regression equations but not in the evaluation of the prevalence of pul-

monazy disease,

Subjects were coded for computer snalysis as nonsmokers (1), ex-
smokers (2) snd smokers (3). Pipe and cigar smokers were coded as non-
smokers. Smoking was recorded ss number of packs per year, number of
years smoked and the product or total packs smoked. Regression analysis
showed that the coefficient for total packs to be vaanishingly small
(10™%), and this variable was removed from the analysis.

29, Lewis, B.M,, Pitfalls of spirometry, J. Océup. Med., 23: 35-38, 1981.
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Findings on medicsl history or reportedvsymptonatology thought to
be relevent t- the spirometzic variables were coded 0 for absent and 1
for present., Chest z-ray findings were coded .0 for normal and 1 for
abnormal. Respiratory and cardiovascular findings were mot dis—

tinguished.

In the analysis age and service time were found to be colinmear in
the population (r = 0.73) and we have used sge as the independent vari-

able,

Results

Table 14.1 gives the mean values and standard devi;tions for the
verisbles in this study. Missing data are shown by the N-value., The
females wzre somewhat older and had lower homolog serum values that were
somewhat higher, but their mean service time was comparable to the
males, The elevated serum PCB levels in females relate to their employ—
ment as capacitor sealers and in salvage and repair, jobs with rela-

tively bigh dermal exposure levels.

Smokers aund ex-smokers constituted 73 and 59 perceat of the male
and female population respectively., Males on the average smoked more
pack§ per day (1.38) than females (1.15), but females had smoked for a
longer time so that total coasumption was comparable. ¥hen nonsmokers
are included the meles as a group were the heaviest smokers and sveraged

1 pack per day for 14 years.

Nearly 50 perceat of the population had some relevant medical his-

tory or symptomatelogy but only 7.5 percent of females and 9.0 percent

11.2454
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Table 14.1. Mean values and standard deviations for pulm;m:ry function and associated
variables in PCB-exposed capacitor workers (Group 1). Males and females tabulated

separately.

Smoking code:

non-smokers (1);

ex-smokers (2);

and smokers (3).

Relevant history and x-ray findings coded 0 = absent, 1 = present. FEV,/FVC as per-
cent of predicted calculated from population mean age and height; others calculated indi-

vidually. Geometric means for PCB level as ppb in brackets.

Age (years)
Service (years)
Height (cms)
Weight (kgs)

Smoking (Total Population)

Smoking Code
No. Packs/Year
No. Years Smoked
Total Packs

Smokers and Ex-Smoker.

No. Packs/Year
No. Years Smoked
Total Packs

Relevant Med. History
Chest X-Ray

FvC

FVC (% of Predicted)
FEV,

FEV,; (% of Predicted)
FEV,/FVC x 100
FEV/FVC (Predicted)

Log PCB (lower homologs)
Log PCB (higher homologs)

X
43.04
13.76

175.49
80.49

2.15
369.13
13.97
7336 25

503.67
18.72
10,104.65

0.472
0.0297

4.96
105.29
3.80
100.95
76.62
82.35

2.4]
1.57

Males
S.D

11.08 |

9.13
7.16
12.46

0.879
287.7
12.12
7950.31

211.76

10.38
7741.25

0.506
0.287
0.930
14.27
0.841
17.55
9.16

0.483
0.451

N

146
146
146
132

146
146
146
146

107
109
106

146

145
146

146
146
146
146

132
112

X
50.39
13.98

159.90
62.08

o202
246.15
13.39
5922.35

420.51 .

22.88
- 10,117.34

0.493
0.0750

-3.14
100.76
233
91.24
73.93
89.63

2.59
1.45

257)
(37

Females

s.D N
10.89 43
8.41 41
5.33 4]
10.98 38
0.935 41
249.07 41 .
14.15 41
7026.83 4]
177,14 24
11.03 24
6454.27 24
0.512 43
0.267 40
0.874 41
20.83 41
0.683 41
19.10 41
9.61 41
0.375 37 (389)
0417 28 (28

11.2455



of males bad positive x-ray findings.

For the population as & whole FVC and FEV1 average valunes were com—
parsble to the Knudson standards, FEVIIFVC values are low with respect
to the Knudson standard calculated using the average age and height of

the male and female groups.

In Table 14.2 the prevalence of clinical conditions and symptoma—
tology relevant to spirometry are tabulated. Seventy-nine individuals
(42 pezcent) iad one or more complaints or medical bhistory related to
the respiratory tract or the cardiovascular system. The predominant
finding was a high prevaience of chronis upper and ?ove:/respiratory
tract infection. Leukoplakia and vocal cord polyps v?re found in heavy
smokers. On x-ray examination (Table 14.3) pulmonary scar:iﬁg, calcifi-
cation, granulomas, and other evidence of old pulmonary infeciion was
found in 12 subjects and emphysema suspected in siz in whom blebs wvere

identified in 3 cases. A coin lesion was found during the course of

this study which proved to be malignant.

The prevalence of abnormal spirometric findings are shown in

Table 14.4, Abnormal findimgs occurred primarily in smokers and ex~-
smokers and were more than twice as high in females who smoked for a
longer period., Ten subjects (5.3 percent) showed a reduced vital capac-
ity compared to the 14 percent reported by Warshaw et al. (24) for the
less heavily exposed group. The one predominant finding was an abnor—
mally low value for FEV,/FVC (L70 perceat) which occurred primarily ia
smokers. Using the cfiteria of 75 perceat for FEVIIFVC 38.5 percent

were low including sixteen nonsmwokers.

217
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Table 14.2. Respiratory and cardiovascular conditions in the medical history of PCB-
exposed capacitor workers (Group 1}). Note occurrence of leukoplakia and laryngeal
polyps.

Upper Respiratory Tract 62

Allergy 17
Hay Fever 6 :
Asthma 2
Other 9
Sinusitis 24
Chronic Tonsillitis 2
Frequent URI 6
Leukoplakia and polyps, 4

larynx, throat

Septoplasty 7
Fracture, nose 2
Lower Respiratory Tract 47
Chronic Bronchilis 12
Emphysema 7
Pneumonia (episodes) 11
Lung Infections (unspecified) 3
Pleurisy 2
Healed tuberculosis |
Pulmonary fibrosis 1
Carcinoma of lung 2
Thoracic arthritis 1
Fracture, ribs 5
Conitused lung 2 )
SOB, cough, sputum 2
Cardiovascular Systems 30
Hyperiension 18
Coronary insufficiency 7
Atrial tachycardia 1
Rheumatic fever 3
Carotid endarterectomy 1

139
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Table 14.3. Chest x-ray findings during medical examination of PCB-exposed capacitor
workers. The coin lesion discovered at this examination proved malignant.

Emphysema 6
Blebs 3

Chronic pul. infection

and tiny calcification 5
Adhesions, costophrenic

angle 3
Pleural thickening 2
Calcified granuloma 2
Pul. scar 2
Coin lesion 1
Atherosclerosis, Aorta 2
Cardiomegaly 1
Scoliosis i

25
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Table 14.4. Prevalence of spirometric abnormalities in 187 PCB-exposed capacitor workers
(Group 1). Criteria for abnormality of FEV,/FVC given as percent of predicted using

standards of Knudson et al. (<70%) compared to the older standard (<75%) used by
Warshaw et al.

FvC®
FEV,’
FEV/FVC*

>

* T 79.5%
+ < 70.0%
++ < 75.0%

Non-
Smokers

0/41

0/41

0/41
12/41729.3%)

Maie

Current &
Ex-smokers

5/105(4.8%)
11/105(10.5)
21/105(20.0%)
36/105(34.3%)

All

5/146(3.4%)
11/146(7.5%)
21/7146(14.4%)
48/146(32.9%)

Non-
Smokers

1715(0.7%)
0/15
1715(0.7%)
4/15(26.7%)

Female

Current &
Ex-smokers

4/26(15.4%)
8/26(30.8%)
11/26(42.3%)
20/26(76.9%)

All

5/41(12.2%)
8/41(19.5%)
12/41(29.3%)
24/41(58.5%)

11.2459
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Spirometric patterns were categorized according to the criteris
shown in Table 14.S5. ‘Of the tea subje#ts showing a reduced forced vital
capacity (Table 14.4), four were the cases of chronic obstructive luag
disease. The balance averaged 15 kgs (2-28 kgs) over the maxzimum desir—
able weight for their heigﬁt and frame, The four subjects showing a
restrictive pattern were between 8 and 21 kgs overveight by this stan—
dard. Az obstructive pattern was found im 23 subjects, primarily smok-
ers snd ex-smokers.
gi";sssian Analvsis

3

_. Multiple linear regression analyses were perforngdhfo: the totli
population with FVC, FEV1 and FEVIIFVC as the dependent va:igbles. and
sex as an independent varisble., For fcrward stepwise regression the
criteria for adding a2 vazriable was an F-ratio of 3.0 (Fl'.(3.84)*0.95).
Table 14,6 shows the estimated coefficients, their standard errors and
the statistics of the fitted equation for the stepwise regressioms.
They show the expected dependence on sex, height and'age for FVC and
FEVI. For the population there is a significant association v;th the
duration of smoking rather than the smoking rate (packs/yeaz) or total

packs. There is also an association with medical history and symptoma-

tology aad FEVI. and between positive x-ray findings and FEVi/FVC.

Omission of the serum PCB levels incressed the number of subjects
for analysis and strengthened the observed relations (Table 14.7). Ian
particular & significant negative relation between body weight and the
FVC was found., Separate studies showed this relation held for males but

not females., The multiple correlation coefficieat (R) for FEVIIFVC

11.2460
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Table 14.5. Spirometric patterns (restrictive, obstructive, mixed) observed in 187 PCB-
exposed capacitor workers (Group 1). Using the FEV,/FVC > 70% criteria a restrictive

psttern was seen in only 2.1 percent of workers.

Type

Restrictive

Obstructive
Mixed

Criteria

FVC < 79.5, FEV, < 79.5
FEV|//FVC > 70

FVC > 79.5: FEV,/FVC < 70

FVC < 79.5; FEV, < 79.5;
FEV|/FVC < 70.0

Males
2

14
2

18
(9.6%:)

Females
2

9
2

13
7.0%

All
4 (2.1%)

23 (12.3%)
4 (2.1%)

31 (16.6%)

222
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Table 14.6. Multiple stepwise linear regression study of spirometric variables in PCB-
exposed capacitor workers (Group 1). FVC, FEV, and FEV,/FVC were dependent vari-

ables. Serum PCB levels (as Aroclor 1242 and 1260) were independent variables.
Outliers have been omitted: N = 137. No association was found with serum PCB levels.

223

Variable FVC FEV, FEV,/FVC
Esi.C. S.E. F-Ratio Est.C. S.E. F-Ratio Est.C. S.E. F-Ratio

Height, cms 0.048 0.008 34.12 0.030  0.007 17.96 - - -
Age, years -0.019  0.007 7.51 -0.023  0.006 17.29 . - -
Sex -0.817  0.192 18.03 -0.778 0.164 22.52 -3.18 1.61 3.92
Years of Smoking  -0.029  0.007 15.26 -0.018 0.005 14.68 -0.12 0.055 4.69
Relevant History - - - -0.249 0.104 5.76 - - .
X-Ray Positive - - - - - - -7.47 2.40 9.70
Intercept -1.19 - 1.67 - 0.657 1.41 - - 83.10 2.24 .
Statistics of Fiited Equation
F-Ratio . 3816 - 43.64 7.70
S.D. 0.671 0.578 7.55
R - 0.799 0.790 0.435
R? 63.78% 62.49% 18.93%
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Table 14.7. Same as Table 14.6 except serum PCB levels eliminated as independent vari.

224

ables. Note the significant negative association of body weight and FYC. N = 165.

Variable FVC FEV, FEV,/FVC
Est.C. S.E. F.Ratio Est.C. S.E. F-Ratio Esi.C. S.E. F-.Ratjo

Height, cms 0.060 0.008 51.44 0.032 0.007 23.70 - - -

Age, years -0.026 0.005 23.96 «0.026 0.005 32.90 - - -

Sex -0.862 0.172 24.59 -0.787 0.147 28.67 -3.51 1.44 5.96

Years of Smoking -0.016  0.005 12.33 -0.015  0.004 14.31 -0.136 0.050 7.48

Relevant History - - - -0.225  0.092 5.97 - - -

X-Ray Positive - . - - - - -8.84 2.33 14.41

Body Weight, kgs  -0.010  0.00S 422 - - - - - -

Intercept 2.51 1.52 0.402 1.31 83.07 1.98

Statistics of Fitted Equalioh

F-Ratio 66.33 53.90 " 10.65

S.D. 0.656 0.564 ..7.62

R 0.822 0.817 0.407

R? 67.59% 66.77% 16.56%
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appears low but is the same order of magnitude as found by

Knudson et al. in his normal population.

In male nonsmokers for which serum PCB levels were available
(N=33) regression showed a significant positive relation between FVC and
the lower PCB homologs (Aroclor 1242) which represented the only statis—
tically significant relation found among serum PCB levels and the
spirometric variables (Table 14.8). For females and for subgroups of
males involving small numbers of subjects the regression equations were
of marginal statistics? significance., For example, for the males there

were weak associatioas found between the hematocrit and FVC

(Fy,12g=5.29) and the PMN leukocyte count and FEV /FVC (F =5.62)

1,128
suggestive of early hypoxia in the former case and an infectious element
in the latter. Although the F-~ratios were significant, the multiple

correlaticn coefficients were not (R2-4-5 percent).

For the regression equations employing raw dats, examination of the
residuals showed them to be normally distributed. Regression using the
values as percent of predicted values showed residuals that were not normally

distributed and yielded equations of uncertain statistical significance.

Discussion

A suvbstantial series of linear regression equations have dbeen pro~
posed relating FVC, FEV, and their ratio to height and age ia large
groups of asymptomatic nonsmokers. Tbe coefficients of our predictien

equations (when separated by sex) agreed most closely with those
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Table 14.8. Same as Table 14.6 except only male non-smokers included (N = 33). FVCis
the dependent variable. Note that significant positive association between FVC and

serum L-PCB.

Intercept
Age (yrs)
Height (cms)
L-PCB

Statistics of Fit

F-Ratio
S.D.
R
R?

Coeff

-2.63

-0.031
0.046
0.272

S.E.

1.89

0.006
0.010
0.121

19.4
0.382
0.817

66.7%

F-Ratio

27.8
21.4
5.1

11.2465



¥

of Ferris et al. (30), who included smoker; and ex-smokers in their
population. In our results th? 95 percent confidence limits of the
coefficients were quite large; thus,. the use of the Knudson et al.
standards to normalize the data for each sex appeared to be genmerally
effective. The agreement with Knudson et al, is somewhat sorprisiang in
view of the medical and smoking histories, the limited number of sub-
jects and the field nature of the data as compared to the careful obser—

vations of Knudson in asymptomatic nonsmokers,

The regression studies identified the number of yeati smoked as s
significant varisble rather tha~ smoking rate (packs/year) or the total
packs smoked. This is at variance with MacIntyre et al. (31), who found
in a longitudinal study of 1,000 male Naval aviators, that the duration
of smoking was more important for residuoal volume measurements whereas
total packs were more important for vital capacity measurements. In
their study the residual volume increases and the vital capacity
decreases seemed to balance each other so that their sum, the total lung

capacity, was only minimally related to smoking.

Body weight was shown to be a significant variable in males for FVC
in our population. This inverse relation was also found by
MacIntyre et al. Apparently excess weight teands to diminish diaphrag-
matic and chest wall excursion, The effect is seen botk for baseline

weight and weight change according to MacIntyre et al. This factor

30, Ferris, B.G., J., Anderson, D.0. snd R. Zickmantel, Prediction values for

screening tests of pulmonary function. Am. Rev, Resp. Dis. 91: 252, 1965.

31, MacIntyre, N.R., Mitchell, R.E., Oberman, A. et al, Long-term follow-up of
lung volume measurements in initially healthy young aviators. Avia Space
Envir, Med. 52: 1-5, 1981,
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sppears to sccount for the prevalence of reduced FVC in our population.

The prevalence (5.3 percent) was equivalent to that found for styreme -

and PVC-exposed workers (24).

Obesity may also account for the significant positive relation
between serum Aroclor 1242 level and FVC found in nonsmokers, vhiéh
might suggest a pulmonary benefit from PCB exposure. However, there is
sn iaverse relation between body weight and serum PCB level, which is
particularly apparent in starvation (32). For a constant PCB body
burden weight gain or loss results in the redistribution of PCBS iz the
body lipid stores, so that generally higher serum PCB levels are found
in individoals with the lowered body fat content. Thus, as body weight
increases, both FVC and serum PCB levels sﬁoulq tend to decline
together, and hence appear to be related. ﬁo other formal relation

between PCB exposure and spirometric variables was found.

Obstructive defects, as evidenced by reduced FEV1 and FEVIIFVC
values, represented a primcipal findimg in this population. Four indi-
viduals were frank emphysemics. Eighteen percent of subjects bhad
FEVIIFVC velues <70 percent of predicted and 38.5 percent had FEVIIFVC
values less than 75 percent of predicted. This latter value is
equivalent to the findings of Lorimer et al. (33) in styrene workers

using the 75 percent criterion.

32, Hesselberg, R.J. and D.D. Sherr. PCB’s and p,p'~-DDE in the bdlood of
cachectic patieants., Bull, Eanviron. Contam., Toxicol. ll: 202-205, 1874.

33. Lorimer, M.V., Lilis, R., Nicholson, VW.J,, et 2l. Clinical studies of

styrene workers: Ipnitial findings. Eaviron. Health Persp. 17: 171-181,
1976.
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The mortality rate for enphxsema (492, 8th Rev. ICD) has been
substantially higher in rural upstate New York, where these plants
are located, as compared to more urban areas (34). This rural-urban
gradient is not unique to New York State and pulmonary emphysema and
chronic bronchitis not a universally urban disease as prcposed by
Mano (35). For instance, Hammond (36) found that among men, both
with and without occupational exposure to a variety of agents and
for each smoking category, indications of emphysema were more commen
among rur;l than among metropolitan residents., It is reported ( 375
that mortality fates for ciuronic respiratory disease up to 1968
were lowest in the middle Atlantic region (New York, New Jersey,
Pennsylvania) and highest in the mountain region (Montana, Idaho,
Wyoming, etc.), a £inding which does noc suggest correlation with
factors such as envircnmental pollution and urbanization. In
contrast, lung cancer mortality in upstate New York has been shown

to be a function of urbanization as measured by population density (38).

34. Rubin, B.B., Mortality from lung cancer, emphysema and bronchitis
for counties in New York State, excluding New York City, 1960-1975.
New York State Department of Health Monograph No. 16, Alkany, NY,
Oct. 1980.

35. Mano, N.E., Comparative mortality among metropolitan areas of the
United States: 1949-1951; 102 Causes of Death. Public Health
Service Pub., No. 562, 1957.

36. Hammond, E.C., and Selikoff, I.J., The effects of air pollution;
epidemiclogical evidence. In: Pheumoconicsis. Proc. Int. Conf.
Jchannesburg 1969. Ed. H.A. Shapiro. Oxford University Press,

37. Stat. Bull, Metrop. Life Ins. Co. July 1973.
38. Nascé, P.C., Burnett, W.S., Greenwald, P., et al. Population density

as an indicator of urban-rural differences in cancer incidence, upstate
New York, 1968-1972. Am. J. Epidemiol. 112: 362-37S, 1980.
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The population of this study was drawn from two primarily rural
counties and one county classified as urban. This mixed demography is
complicated by the presence of other established occupational carcinogens
in the area. The second largest employer in the region has been a paint
pigment manufacturer where chromate exposure and the ensuing nasal septal
perforation and carcinoma of the lung has been occasionally seen in older
employees. Prior work histories of the lung cancer deaths of the Brown
study are not currently available, but of the three deaths which have
occurred since 1976 in the present study population, two were due to
adenccarcinoma of the lung, both in heavy smokers, of whom one was in an
individual formerly employed by the pigment manufacturer. In view of the
diversity of occupational exposures experienced by our study group (Table
14.9) prior to employment in capacitor manufacturing, .such data should be
treated with caution. )

Macklem and Kilburn (39) have reviewed the pathophysiology of chronic
obstructive lung disease and pulmona:y necplasia, particularly with respect
to cnvircnmental factors. Over 150 environmental agents have been
identified which are associated with pulmonary fibrosis in which the
agents are generally pulmonary irritants. There is no evidence in the
literature, or in our experience over 33 years of plant operation, that PCBs
act as an acute pulmonary irritant. Cigarette smoking, however, is firmly
implicated as a part of the etioclcgical pattern in chronic obstructive lung
disease and respiratory malignancy, as a major pulmonary irritant in the former

case and as a synergistic agent in the case of malignancy (36).

39. Mackiem, P., and Kilburn, K.H., Trachecbronchial response to insult.
In: Envirormental Factors in Respiratory Disease. E4d. D.H.K. Lee
Academic Press, New York 1972. p. 31.
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Table 14.9. l"otential exposure to respiratory agents in prior employment from review of

available employment applications.

Chromate dust and paint
pigment

Other chemicals and
pesticides (farmers,
gas station attendants,
laboratory personnel, etc.)

Lint (shirt, carpet and
other faciories)

Mining, cement, and stone

- Asbestos (pipefitters,
plumbers, electricians,
construction)

Heavy metals and foundry

Military Service — Possible
multiple exposures

Paper mills

12

22

10

10

23

10

35
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The present study provides no direct evidence that PCB exposure, as
measured by serum PCB levels, is correlated with the occurrence of spiro-
metric abnormalities. The prevalence of restrictive patterns in PCB
workers previously reported has not been confirmed. The prevalence
of chronic respiratory disease and the occurrence of carcinoma of the
lung ih this population appear most likely to be coupled to heavy smoking,
the possibility of chromate exposure and demographic factors.
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