h

“) 4 #OTICE:
?@EEQ’ be orotested by ovpyright

This aate-.a. __,

Mortality and Industrial Hygiene Study of Workers
Exposed to Polychlorinated Biphenyls

DAVID P. BROWN, M.P.H.

MARK JONES, M.S.

U.S. Department of Meaith, Education and Weifare
Publis Maskth Service

Canter for Disassa Contrel

National institute for Occupadenal Safety and Haalth

- Division of Survelilanss, Hazard Eveluntions and
Susdies

Fald
Cinsinnetl, Ohie 45226

The primary use of PCIe has been 25 2 insulat
material in electzical itors and —— o

ABSTRACT. Somuse of the demonstrased tenic offacts on the ¥ -
greatest potential for occupational sxpessre
animals ressiting from snpswrs 1o polychiorinated bi- mmmmmwumum:m
mphhww"’ poiot biphenyls have %0 besn used i Meat axchange
Safety and Health sonducted 3 retropestive cohert mer- "
ity soody of 2567 workars in twe plants whars PCBs  UCh Mydraull systams, vacuum pumps, g Wanumission
were wed in the mamufacture of o "ﬁ’; AR rbont ing papers, P
workers included In the tudy were employed for at it . .
3 momhe I arms of the plasts whers PCBO were ol TR s oo Aot oyt STV
viwl smtus of 90% of e twe soherts was demrmnined, and sances Contrel Act of 1976, rules and repelations wers
3918 prnnyars ware scoumnbind, All-cous promuigsted te limit the manufactwre and we of PCIh.
was lower tham exposd (163 oba. ve 1624 wp) 38 woll 1l iguinted that aft US. predurtion of PCBs ond
ancer mortality (39 obe. w 0.3 '-—': January 1, 1979, and that all U.S. sale and dissibution of

!
!
I
i
i
i

ine has varied from 71 te $D%8. in some preperations, there
has alas bean some dogree of suntamination by chiorodi-
[

PCBs ond July 1, 1979. However, continual enpesure to
PCBs will occur among workers whe maintain wansformen
and capecitors, and among the general popuiation via
contaminated food.

During the past few years, intarsst in the hesith effects
amang individusls exposad to PCBs has beew stimuiated by:
(a) the tendancy for PCBs 10 accumuless in tisues and
cartain argans; (b) the stability of PCB and their per-
slstance in the enviro 0 2nd (c) the du ¢

Polychierinated
tenicity of PCBs has besn
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the accumulated information on acute toxic effects in
humant and adverss effects in animals, little is known
abowt the chronic effects from long-tarme expasure in man.

To dotermine whether past occupetional exposurs to
commarcially produced PCBs has coused any long-term
heoith offeces, NIOSH initisted an epidemivlogic study
among workers in twe cagacitier manufacturing plants. In
conjunction with this study, detailed industrial hygiene
wrveyt were aiso conducied by NIOSH w0 document the
levels of sxposurs to PCIs and other chemicale.

Description of Fecilities

Both of the plants chowen for study manufacture slec:
trical capacitors and were selected because: (2) each had 2
large work force; (b) PClils had been used for more than
30 yr; {¢) there was comsiderable potential for expowrs 10
PChe with little potantial far exposire te other known
toxle contaminents; and {d) the records necessary to iden-
tify individuals to be inciuded in the study popuiation
were readily aveilable. At the time the study was initiated,
mﬁmmn‘quxunuﬂbh‘ndmmv
York ' ate and is divided inte two manufacturing facilities
mlmcnd-n-uimky o-nhdlltymuhuwnm‘
tince 1946 preduced wmakl i itors and the
mmmmwmﬂumw
tors since 195V, The type of PCBs used has varied during
the yesrs frem “Arocior* trade name) 1254
(S4% chiarine) 19 1242 {42% chiorine) te 1016 (41%
chisrine). In addition, several athar kinds of ofis were used,
but in 2 Nmited number of capacitors. L

mzwmwmumnan
manufacture capecitors in 1938, This plant ale changed
the type of PCBs used from “Arocior™ 1234 10 124210
1016, Until 1972, other types of capacitors which did not
contain PCO wars made 3t this plant. Castor ol was used
in liew of PCIs 0 producs the large power capacitors 3t

Other areas whers there was potential exposur:
Eﬁ!wmmmtwmw.nm::.
wherg rejected capacitors were rebuit. Aprosimecely
10% of the two wark forcas were emplayed in wes whers
there had been petential expeswre te PCBL. Thess e
ployed in these jobs were considered “PCB expesed” for
purposes of choosing the study ceherts.

Historically, the work force at Plant 1 has been com-
posad of approximately SO% white males and 30% whics
fernales. Plant 2 has had 2 less homegeneous werk farcs,
with two-thirds being female, and reflects the genersl
ethnic make-up of the ares, which is largely Cape Verdesn
and Portuguese,

METHODS
mm.ammmwmm
was cond m»

ta PCEs have enper any i
innumn'kmamhy mmuhmmm
a8 all workers who sccumulated ¢ least 3 months of em-
ployment at any tims in aress of the plants whers there
was 2 potentiat for exposurs to PCBe. Thesw “sxpesure
jobs”* were dmignated by the companies and verified by
the labor unions (at Plame 1), and by the NIOSH industrial
hygiens surveys te represent the high-expere jebe. Trie
chiorosthylens (TCE) was used 23 2 dogrumser in baeh
plants. Thersfors, if the wark histary recernds indicated
that an empioyes had potential axpesre te TCE, the
individual was not included in the cohert. This incheded
very few workers.

Anoﬂm-umhumhmdun
(living or decensed) of esch individual in the coherts 28 of
January 1, 1976. Vital 126y was determined through
records maintained by Federal and Stats agencies, incled-
mmmwwmmmm
and seate vital statistics officas. For those indl-

this plant.
Both plants msembled small and large type capacl
mmm”ummmmm

searches were used. For sl those known te be decsssed,
death cortificates were requastad and causss of desth were

“,. h 'l'hclnn-' of

reted by 2 qualified rovologet o the

plastic film; wound together; and umulvlcudlmn
metal casings. This job wes done in an enclesed dust-fres
room whers thers was minimal expesure 10 PCBs. There-
fore, the warhers in these jebs were net cansidered "ox-
uu'-mmnmm

Htors wers fitled
mmwunmuum-
petontial for expesurs t9 PCIu, and therefare, these
mhﬁum-ﬂhﬂ “axnposed” when
mm

mmuduwmm
whieh |

[Vel. 38 (Ne. 31}

of Disenses (ICDA) in offoet
nmm-um,um-mumm
Revision of the ICDA. Thess whe had an unknown vital
status were assumed 10 be slive @ of Janwary 1, 1976,
therefore the true risk of ity wes net guer
Those who died after January 1, 1976, were considersd
10 be ative for purposes of analysie.

were accumulated for each werker starting
after 1940 whon 3 months of employment in sxpend jobs
were completed, and ending at the date of death or the
study end dats (1/1/76)—whichever occurred fiene. \ning a

u-mmsmuuumnuuw
e groups and iplied by the g U.S. white
male {for male cohort members) snd U.S. whiss femele
{for femaie cohert members) cause-spasific mertiity rasss
10 yield the expected number of desthe. Persen-years were
additionally distributed by S-yr expose and S-yr latency
{(number of years from date first empleyed in enpesed

1
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Table 1,-Vital Ststws of PCB Werkers
Pam | Ly
Mals  Fomeine Total Males Fomales Totad Gl Torad

Known 19 be alve 520 %0 e (3} [+ 7] 1400 30
Knswn 10 be docsased 33 A\l ] 7 » [} - 1
Unknown vital nawe L 7 13 14 EL] L 3
Towl s8s s %8 3] 2¢ 1399 1547
Porsonyears 1828 5188 13010 2229 0779 26008 WA

Mwhmﬂunnduwlm
desths were compared and differences were tested using
the Peinen distribution.

Industrial hygiene wy Thdmld industrial
hygiens surveys ighted air am-
ples from tolocted job titles, 35 well a8 wea air samphes.
In Deth plants, sampies were taken for PCBs (Aroclor
1016), trichioraethyiens, lead, tin, and zinc. In addition,
samples for toluene, methy! isobuty! ketone (MIBK),
dmulbnmuhnnmt These surveys
were & the expo oceurring at
lhmdhmwmmwwd
proviows yours, sspecially thoss of Plant 1 where sxpowwes
may have been reduced because of new production tech-
niques recanmtty initisted.

RESULTS

Mertality study. A total of 2,567 workers met the
definition of the study cohort. Table 1 gives 2 braakdown
of the vital status ascertainment and the number of person-
yeors within sach sub-cohort. The vital status ascertain-
ment i 98% complets.

The possibility that records might be miming from the
Ppersonned files uied to assembie the Plant | cohert was
cited at the beginning of the study. In an effort 1o deter-
mine whether sligible workers wers missing from the
Plant | cohort, 2 validity check was conducted by the
NnYuiSunD.wmdm’-h,
ology similar 10 that described by Marsh et al." Social
Security Administration (SSA) quarterly earning state-
mu(mmm)m-msdmmmu

pared 1o the names ng on the micrefiimed per-
WMMWU“D“.U*&M
resuits of this comparison yisided 3S additisnal werhary
(3.5% of cohort) not included in the Ptant 1 study sshert.
This small portion of the populstion at risk that s missing
from the study cohert thould not seriowely blas the resuins.
A similar validity chock was not done 2t Plant 2, 2 it

PP from our lon that the p file sys-
tom had been maintained intast.

Tabls 2 shows the distribution of the ceherts by dura-
tion of empioyment in jobs whers PCB expesure occurred.
The distribution within the two plants is semewhat similar,
with the exception of the female workers in Pant 2, where

Yable 1. -Oweslon of Employment amang Cohers Mombery in PCB Exposwre Jobs
p—— S— —
Pame ¥ Male Fomales Totd
N (rF)* N (RP) N (RP)
4 m 137 (333) 79 (03) 16 (22.9)
Sl y ] ‘ll.ll £ {l!.l; 147 (152}
12y ” 92 (339 188 (19.1)
Iy $3 { 9.9) 4 (10.6) 94 (9.7)
0w |I= =10J: g :!L.:: 3} :”Jg
ow L X - .2
Towl W 7‘3
P 3 Mades Fomales Toud
N (RP) N {RFP) N (&F)
M me m (ny) 207 (224) ll. (26.1)
Smolyr 137 {) 16 (17.9) 288 (18.0)
123 18 (118} 178 (189) 93 (183)
By 4 { 93) 2 :'l.'l 146 { 3.1)
poompmo mmy o W0
ow A4
Towl lﬁ m
*RF = Rolasive froquensy.
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mare smpioyees had worked for 10 or more yr, and in
male werkers where there was a high frequency of short:
torm (3-8 manths) employees.

When the twe coherts are sxamined by year first em-
ployed in jobs where PCB exposure occurred, the females
in Plant 2 270 seen 19 have had an earfier initial date of
supamurs. in Pant 1, 49.4% of the males and 45.1% of the
fomales were firss employed in PCS exposure jobs defore
1955, in Plant 2, 49.3% of the males and 89.6% of the
farmales were flrm employed in PCB exposure jobs before
1998,

Tables 3 and 4 summarize the number of deaths ob-
wrved (obe.) from the study cohorts and the number of
dosths expocted (exp.). The all-cause mortality is lower
than expocted in each cohort, with an SMR {Standardised
Mortaiy Ratie (SMR = cserved desths/expected deaths
X 100)) of 95 (73 obs. vs 76.7 exp.) for Plant | and an
SMR of 33 (90 obs. vs 105.6 exp.) for Plant 2. These SMRs
may be influanced by the “heaithy werker sffect.”** There
is ne ineresss in observed mertality ameng the sl sohert
for any of the majer causes of death Nsted In Table 3,

Table 4 Hists the ebrerved and expectad number of
doaths by wpesific cancer cause and for clrvhusls of the
liver. When buth cehurts are combined, the abearved num-
bor of deaths ls more than that expected fer cancar of the
roctum (4 obs. vs 1.19 exp.) and lver canear—ICDA » 135,

rectum (3 obe. v8 0.90 exp,, # < .0S). Fer both coharts
combined, there are § deashe due 19 cirrhasis of the liver,
whils $.00 ware sxpectad. Five of theee cm wre frem the
Flant 2 cohart, while 1.2 were expected. Acoarding 1o
hospital reperms, at lsast 3 of the 6 persens whe disd of
cirhosis of the Hyer wers known to heve consumed slcohol
The relatianchip between latancy and the mertality from
o cancer, saneer of the rectum, Nver cancar, and cirrhosis
dlhﬂh.bhuhf&b!.hv “all cancer” there is
"0 3pparent gattern In sither cahort. For cancer of the
restum, thers s 2 slight increase with an incresse in the

(vt 38 (me. 33

latency periads. All of the deaths due 10 liver cancer occur
before 20 yr of latency and thers is no trend of increasing
risk with an increase in the latency period. The risk of
mortality denmd the liver does not shew a
with an i in the (atency periods;
thers is however, a greater risk after 2 20-yr period.

The relatiomhip between these same causes of denth
and length of employment in PCB exposure sreas of the
plants is given in Table 6. As indicated in the Table, there
is no increase in mortality with increasing lengths of exge-
sure, except for cierhosis of the liver; however, the numbers
in this comparison are small.

fnduswrial hyglens survey. The industrial hygiene wurvey
resuits of ares and personsl sampiing for PCBs (Arocior
1016) are summarized in Tables 7 and 8. Because of differ-
ences in the production processes, the results by specific
jols ar work aress are not comparabie between the twe
plans. However, mzmmmum.m

(TWA)MWMWM:‘W&”J
ug/m3, and the TWA area air samples ranged from 3 ug/m?
10 476 pg/m3. The TWA personal air samples in Plam 2
ranged from 170 ug/m?te 1260 ug/m?, and the TWA aree
mmnwmnummuou-l .

in

hmmu.onlndrmhnﬂuul al!l ware

less than 35 ppm, except for two which messured 195 ppm
and 321 ppm. At Plant 2, thres ares aiv samples were taken
which rangad from 53.4 ppm te 77.S ppm.

Area aiv samples were massured for tin, leed, and zine
e the solderd lons. There were ne
IM'G(MUWMOVMMMM
Inad and zZinc at Plant 1, lead was detectad in one sample
at 2 lavel of 12 ug/m?, and zinc was detected on twe
samples at levels of 3 and 24 ug/m?. At Plam 2, 15 um-
ples ware collected for lend and zing; il dut one (41.2 4/
m?) of these sampies showed no datactable ievels for lead.
Six of the 15 :amples revesied concenrations of zine
ranging from 2.3 10 94.1 ug/m?.

Both personal and area samples wers taken in the ares

123

MONS 006530



mmuwﬂmgb”wmmmduwmmm
N

[ 1] o 2
[ L L d
mﬁnm Males Fomaies ol Fomains Toal ™) v
AR malgnont neoptesms
(140000} o e 4 128 N N nae » a» () .
Somash
{150} o st W 022 Y o o [TARY ] s
Ioteming L]
ma.fn"» v a2 o o v 04 ¥ i 4 [ ] ar . 139
L - R
34 Y e o . o .0 VA X BNV A ] (330) 2 - e
ey pous thver
v an
1158, 136A) Y o33 o s ” s P X1 EARY (100} (38 - 020y
'-‘-'m A X ] v en o 0 o s u o1 (1]
100:164) $ 13 v en o 12 [T ] n 1% L] (33 - 101}
St
[ [ 73R ¥ " RO o 8 b/} [ ) (o1 - 299)
b -l WLe N wese ¥y e ™
ter v 2% v 298 s o 13 s ] 2. 129
Chvivgsls of fver
e1) [/RY o 'R vy 1 " 8 (vom . 3%
wv<n

MONS 006531




Toble 5. ~Obearved ind Txpeetnd Desths Acoerding to Latoney * ameny Mals and Fomals /CB Wartery
1._AH Canears
Lateney Plant ¢ Pam 2 Pt 3
(v} ot [$4 MR -]  § MR o [ ] E .}
<iow ] sar ne (] 16 M 2 ns »”
10<20yw 3 “ o 1 1091 147 " 1753 00
>ep 4 ser ” 4 "M - (] 1534
1. Caneer of Reswum (ICD = §
<y L) ais ° [X}) [] 038 ...
10<20yr L] .19 s b} 0% 3 L )
>wyw ' (X1] “? 1 o3t 47 3 8 338
11, _Liver Camenr {ICD = 153, 136A)
<oy ] (X1} [24] 1 018 3% 3 e
10.<20 yr 1] [3]) [ i 027 10 1 04 2133
DMy . 012 ° LX) ° .3y ...
1V, Clrrhosls of Liver {ICD * 501)
<oy 1 .99 129 o098 108 2 118 e
19<W¥p ° .. 138 16 ] 138 «
>uw [} o8 s M 3 14 W
® Lasensy = number of yours from date first smpioyed in expesed job.
1 O ©choorved dosthe.
$ & = snposted dosths,

olﬂthmmﬂh
P ). The
unznumummmwma
ug/m* 10 123 pgfm?.

Tweive parsonal samples were collected for tohune and
MIBK during peinting operations at Plant 1, Tolusne
concantrations rangsd fram 0.48 o 22 ppm and MIBK
canged from 2t S ppwn.

and 1242, wheress Arecior 1036 was fiese used in 1971, In
addition, several different stabiltaers have been added to
the PCBe (19 or loss by weight) used at Plant 1 sines the
arly 19608 'l\-nm -dmem-

and, meve
cyciohanene dionide. it s net knows whish stabilizers
hove boen wead at Plant 2.

(Vet. 36 (Ne. 3)]

There we few pravious epideminiegis studies that have
examined the long-term health o/facts on humens supesed
to PCs. rlividuals puisoned by riee il haavily sontam-
inated with PCSs (Yushe Diesase) huve ben sudied snten-
My;-l the ingident 1ok plase in jagan In
l!‘l. m the ries eil santamisant alee son-

Y [ and other )
mmmmmmﬂuhn
mersially pregared PCBu. A high provalonca of sitin and oye
conditions were noted in the Yushe patients. in adduion,
thers wers slinies) snd laberatery finding thet included
changss in the microanatemy of liver calls and 2 deareased
mdUMhh“dﬁn
individuale, 3%

Early reports regarding the heaith effects fram sems-
mm-mwmﬁm'““
mummmmm-nm

In & rocan study of volunteers sondusted by 1he Mouns
Sinal School of Medicing,™ 26 werkers whe wars em-
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Tuble &, wd & Deache ding te Longsh of & ameng Male and Pomale PCS Werkers

Lngh of Plant 1 Pant 3 Mesms ) 2 1

Cmploymont oo (33 SMA ] [3 SMR o 3 SMR

. AN Cancan (IO 140-209)
Ime Sy " un %0 20 78 108 n 9, 100
0y 1 198 3 2 410 " 3 108 o
10-teyr [ 108 vee 3 .2 92 3 )28 ”
1549 yr 1 L 4 ' 1.04 ” 2 173 11e
>y [] on .. (X3 e ° [ XL
11._Cancer of Resmum (ICD » 154)

Smefyr 1 438 mne ] .48 08 2 LY B L
S0y [] 009 - ° [ 3}] ° we ...
1044 yv ) .03 vee 2 0.08 31134 2 o 1218
1518y ° . o .03 ° “s ...
>0m ° .00 - [} 002 . [ -

1. Liver Cancer (ICD = 133, 136A)
Smesyr 1 .« 343 2 048 “e 3 14 s
oy ° .08 ° [X1] . e ...
1634y L] (¥} .e ° .00 ... [ ] . ...
159y ° 2 - [} 002 ) e ...
b X I [} 0002 ° 002 ° .2 -
1V, _Clsrhasis of the Liver (ICD » $81)

Smedy 1 18, ) 26 2 226 L 3 488 14

ow [} °» .- J 0.4 08 1) o7 1
1614y ° .12 e 1 034 a4 1 o3 in
1519y [ ] [ 3] ] ... 1 013 769 1 023
PWw ] .3 oo ° .08 . e .-

0 » sboerved dasthe.

§ = sapected deaths,
<at

1949 and l!n.mmwmmmism

lnamy#(-obb.ﬁ-mmg
300 wpieyed in the slacturing of PCs,

or p CANCers were

4

) sorum gk
(SGOT) lovels wers ssaciased with plasme
lovels of PCls. Thess was a relatively high preveioncs of
.-n"dhua-skvmlMOﬂ‘!whn

In 2 preliminary report, Bohn™ repersed an increase in
mu-mmamnwu)
“_dhmmﬂ c-au

opment
Now jersey perachemical facility. These individuals were
enpased W Arecior 1254 during various periods betwesn

, mong the desth cantificatss of SO
former workers at this mane/acturing fasility, 7 cases of
fung cancer were observed whereas 3.7 cases wwre expected.
The findings were preliminary and wers net adjusted for
.. of risk

duﬂkyhhmm“dm

anpected. Thers are 7 cbserved deaths frem respiratory

Arehivas of Unvimmamental Hedth
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tystom cancer, whereas 7.69 are expected. The only cate-
gories of cancer in which the sumber of observed desths
are grenter then expectad are for cancar of the rectum and
“dwhu‘ﬂnm“hm
anser. When beth eoharts and sex groups are combined,
satisticalty significant a8 # < 03.
becaue

atory animais exposed to PCBY, where effects have been
noted in the Hiver.™® The silght increase in deaths due 1o
cirrhaols of the Hver In the Mant 2 cohort is also consistent
with the nation that FCls have 3 toxic effect on the fiver.
In mest ocsupational health studies where cancer
mortality is being assessed, latency is an important varisble;
the hypothesls being that there Is an incressed risk of
mertality ones 3 cortain time period has elapeed after
initial exposure. In this study, this hypothesis is difficult
o sxaming becauss of the small number of deaths. None

of the causes of death analyred according te latency
clearty demonstrates this association. Rectal cancer sthews
2 sHight incrasse with an ineresse in lasency, and cirvhesis
of the liver shows an increass in risk with an incresss in
latency after 20 yr.
There is no relationship g duwrations
of esmploy in jobs invoiving PCD ad e
mlxdmmytnuwudnhuhdum
When cancer mortality is examined by Pase, it is ovi.
dent that most of the excasses ockwr in Mang 3-
among the female group. Thia finding may be relssad
MOre sxpotures 1o PCHs at Plant 2, s indicated by the
industrial hygiene resuits. In addition, Muom
tunity for sariler exp at Pam 2, .
v«.wmmmumu
mortality may be a function of the sizs of the coberts
(Ptant 1 only hes haif the number of person-years &
Plant 2), and thus, simply be 3 statistical quirk.

Tavle 7.~Conspmrations of PCBs (Aracter 1096) & Pant | (Agrit 1977)
A. Pawer Capachor Manufachuring Fasibty
—_ Poronel Al Sumpies . AmaAvSemgie
Totad Towd
Sampling Sampling
Ne, of Time TWA® Ne. of Time TWA®

Job Tittes Sampios {min) Losation (min)
Respvery

Ropei 2 “ k. ) Tost and 2 (L) L)

Pum

Operster 1 42¢ 158 Assambly 2 () »
MF eperetar 1 1) ns Shipping 1 428 "
Trest helpar 1 -7 » Storage 1 a7 14
Trast oparster 2 ™ ] Winding 1 o 3
Repale 1 @ s

8. Smal Capecior Mone/acturing Faciity

Movemen

{Seeling aree) 3 L) » Soldering 2 1% L2 ]
Movemen

g:-’n--n-- s 1308 20 Assambly 1 2y 18
Testing ] 1290 ne Shipping 2 [ ] ¢
Pasker 3 128 " Winding 2 ” e
Trest operater 2 us 1% (=] 2 " n
M“y““ 3 [ 1] 152 Cm'w 3 9”4 “

Menufasturing
Malntenanes 1 L] 150
Reowerk st 1 433 149
" Rewerk pusher ] a8 132

Rowerk

aneer soider ] m 26
STWA b solowinted during the tntel sampiing time peried.

{Vet. 3¢ (we. 30}

177

MONS 006534




Tabls & ~Conaanerations of PCBs {Aresinr 1016) ot Pant 2 {Marehs 1977)
Porsonal Alr Samples Ares Al Sampies
Totad Tomd
e, of Time TWA® Ne. of ’1':* TWA®
Job Thins Semples (min) Gaim?)  Leaation Sampies (i)
Oogroamsr 1 EH] 1260  mpregretion 2 17 a0
Soldar ] " 1060 Pump reem 3 107 L ]
Tanher 1 ne 850  Testing s 142¢ 12
Mavemen
{seldering - -~ :
wen) ) i 120 Proamembly 4 1213 140
L L}
oporeer 2 [11] 638 Shipping 2 il ”
) ] "y 98 Winding o ™
Pomp Mechanis ' m 08 Cover 3 1089 “
manulacmring
Floerman )
] 1683 17 OMw 2 ™ [
“The TWA & aiovintes during the total mmpling Ums peried.

A potential confe ing variable or ion varisbie
In this study is the pessible effact of alcahol ingsstion on
the observed increase (2t Plant 2) In mortality from cie-
sl of the River. However, this cannet be properly
20oessed I the present study, since net sneugh is known
about the ingestion of aicohol among the ntire study
cohort,

CONCLUSIONS

Besause 2 relatively small number of deuths wers
observed, conciusions drawn from the results of this study
are tentative.

Al-sause mertality is lower then expested, and there
was ne increase in mertality fer the major causes of death
that wers examined. Ameng the cancer cawees, thers was
Inerensed cancer of the liver and restum. Clrthosis of the
Iiver was aise slevated in one of the plants. The sight
ensessss for liver caneer and clwhasls
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Does business stress cause high

[Vel. 36 (No. 3))

e ————

blood

ure?
Stress on the job is a real problem for most of us.
Many people think high-pressure jobs cause high
blood preasure.

Scientists and doctors aren't sure if stress causes
high blood pressure. But one thing is for sure:
anybody, no matter how they react to stresa. can
have high blood pressure.

If you have high blood pressure. you can control
it —with medication weight control less salt. and
whatever else your doctor tells you to do, every day.

No matter what you do foraliving, ..
keep on living,

High blood pressure. Treat it and live.

Nationai High Blood Pressure Educanon Program,
Netonal Heart. Lung. and Sood Insttse.
US. Ospartment of Heaith angd Human Servces
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om i thelr microprocessor products.
The UNIX system is kaows for its **por-
tability”* which pormits & % 0¢ vead in

a8 2 move by ATAT 0 have the sysiem
become standard in the indwatry.
Companies that adopt the UNIX sys.
tem vor their products pay licensing fees
to AT&T. Perhaps more significant. Bell
Labs and Western Electric have devﬂ-
oped a broad range of

puhndlhey ve invesied a lot of money
in xooh p-mr.ulvly for semiconductor
in

based on the UNIX system that the
company will be frec to sell after divesti-
ture.

ATAT has already made an aggressive
muve lo capitalize on lightwave technol-
ogy developed at Belt Latw and Wemm
The . for ple. is
about its bid in the competition for the
contract to lay the first Atlantic cable
using fiber optics technology. Bell Labs
also is regarded as having put the compa-
ny m @ strong position to e‘piun new

in laser t i of

Such p are based on sundln!
chips whose design can be varied to suit
customer specifications.

Western will plunge into the vortex of
semiconducior competition by vving for
a share of the market for the 256K ran-
dom access memory chip. the wpe:-
tive big seller among d circuits.

compwier business. Compuny sowrces
are noncomemital about the remer that
Western will produce a personsl comput-
¢ and make 2 bold challengs 10 DM on
its oww ground.

For Bell Labs and its ATAT paremt.
divestiture obviowsly brings risks and
opportunities. Bell Labs officers jest
wryly that since they managed the chaos
of reorganization they should be able 1o
survive mere competition. The restruc
turing, in fact. is not yet complete. Ap-
peals about some details are will pend-
ing. Furthermore. Bell Labs and AT&T
will have (o live with vestiges of reguia-
tion. To satisfy the antitrust lawyers’
aversion of cross subsidies, tor example,
Beil Labs is required 0 deal at arme
length in various ways with AT&T's

bsidiary. ATRT Informa-

This will pit Western against the Iwﬁ
est Jap and Ameri

Western is already shipping ‘%K chips
for its own products. but observers say
that it will have (o succeed in increasing

voice. datu. and visual iMformation via
lightwave technology and is rumored to
be nearing the commercial application of
the technology to computers and memo-

ries.

ATA&T is also regarded as capable of
emerging full armed into the savagely
competitive semiconductor  industry.
Western Electric is already among the

production and | ing costs in its
unionized factories in order to establish
itself as a front runner.

Wes(em is the developer of admired

used in its swi

Wlﬂml‘munumd
many advances in computer science and
design. Much speculation has cemtered
on the question of wha sirategy ATART
will be following in vemuring into the

tion Services lATTlSI 0 that competi-
tors are not put at unfair advantage. And
other difficulties could anse. The muve
10 cost-based pricing has upset the sy~
tem of subvidies devgned 1o promute
universal telephone service by keepng
tocal telephone service inexpensive The
cost of local vervice will rive with dives-
ture and a backiaxh 1s already buslding in
Congress. An attempt by Congress 1o
revise the overall settiement is seen a3
the shock of political imervention could
still be transmitied along the nRetwork to
Belt Labs.—Jove Warsn

EPA, Utilities Grapple with PCB Problems

PCB'’s in transformers may be a thing of
the past sooner than expected

The Environmental Protection Agency
(EPA) and a few utility companics seem
ready to accede o demands that sieps be
taken quickly to replace electrical equip-
ment containing polychiorinated biphen-
yls or PCD’s. This appears to he a rever-
sal, at least on the part of EPA. of a long-
standing view that PCB's in electrical
equipment pose no significant health
hazard. The utility companies. however,
have responded as a result of recest PCB
accidents and the lawsuits that followed.

In 1976. when Congress basmed the

of PCB's, it p

industry successfully argued before EPA
that tramsformers filled with PCB's
should only be replaced as the equip-
ment wore owl. At this rate. transformers
would be replaced m 20 years. The comt
0 proceed any faster would be probibi-
tive, the industry comtended.
NowEPAnmlocbnlhloop

thought that problems with this perva-
sive and toxic chemical were for the
most part solved. But a loophole in the
law nllowcd the commued use of PCI s
in
as insulation. A year n.o the uuhly

b}

in public buildings. But in the past &
months, two utility companies say they
have decided to speed up the replace-
mest program not because they believe
there are serious health hazards linked
with PCB’s but because they say they
are weary of trying to counter the public

perception that PCB's are extremetly tox-
ic. Public concerns were heightensd af-
ter tramsformer accidemts in Dingham-
ton, New York. and San Franciico re-
sulted in the contaminntion of commer-

there is good evidence that PCB's are
toxic at high dose levels. the companies
maimtain that the data on low-dose ef-
focts are (ar less clear cut.

Last May, the Pacific Gas and Electric
Company decided to replace its large
transformers shortly after ome of them
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vired of bantling public perception.* seid
company spekesman Tony Ledwell. Re-
cemly, the Florida Power and Light

CB'sarcslsoknown tocamss adropin  gewied that move exiensive sudy of re-
body weight. eniargs the liver, damags  productive effects in bumens 1s nesded.
kidmsys. and changs shin pigmentation. A sumber of Taiwanese weve alse
They cause reproductive disorders in  poisoned in 1979 by rice oil thet hed been
wminks and 10 one - ¢ with PCB's. Shw-ymg
study, minks fod a diet of fioh contam- Tang. a physicien and bischemist at No-
inated with PCB's showed 2 severe de-  tional Taiwen Umiversity. reported thas
cresee in their reprode rate. Moa- in her growp have correinsed
kays exposed to PCB's became infertile.  neurological damage with PC expossre

nic.

Several accidents with PCB's have
provided some climical data, but Kim-
brough of CDC said at the institute meet-
ing that it is difficult to sort out the
loxmly because some of the

among the Taiwansse who consumed the
oil. Other scientists also noted molecular
changes in liver cells from patiests who
have been exposed to PCB's. It is us-
clear, they sav. what these chemges
mean because the patients have net as
yet shown any clinical symptoms of dis-
ease.
Arnold Sch b of

about PCB’s have been severcly exag-
gerated.”” she said.
The cause for concern can be Iargely

to EPA. there are 750 million pounds of
PCB's either in storage or in use in the
United States. In a national heaith study.
EPA found that almost everyone has a
detectable amount of PCB's in adipose
tissue. although the number affected has
dropped since Congress banned the pro-
duciion of PCB's in 1976. About | per-
cent of the U.S. population in 1981 had
more than } parts per million in their
fatty lissue. a drop from 8 percent in
1977. The meaning of these low levels in
not Clear.

But many studies show that heavy
PCB exposure is taxic. according to data
presented at a recert meeting on PCB's
heid ai the National Institute for Envi-

Health Sci at R h

Triangle Park., North Carolina. PCB's

nn na clu« dcumpound; rehud to
and

cording to Ermest McConnefl. chnf of
the chemicai pathology branch at the
Nationsl Institute of Environmental
Heaith Sciences. PCB's rank third be-
hind dioxins and furans when the most
toxic isomer of each group is considered.

Although General Electric has stated
that ““the question of whether PCE's
Cause cancer in animals is d.”

may involve
different mixtures of PCB isomers. An-
other probiem is how to test for the

Workers clean up af-
ter u PCB transform-
er fire in Sun Fran-
cisco last May. The

presence of PCB's and how to bewt de-
termine adverse health effects. The con-
sensus seemed (0 be that faty tissue
provides the most sensitive sample for
PCB's. Some scientists advocated serum
sampies. however. as 3 specdier and lese
invasive test, The drawback is that se-
rum does not bind PCB's as much as
adipose tissue.

Several studies do reveal some toxici-
ty of PCB's. 1a 1968, abowt 1300 Japa-
nese became il after cating rice oil con-
taminnted with PCB's (hat had leaked
hv.-l-em With PCB con-

there is littie, if any, dowbt in the aca-
demic scientific community that PCB's
wwudcw_-h‘do-kv-
os. .

and Renate Kimbrough. a medical officer
ot the Centers for Disease Comtrol.
PCB’s cause Nver tumors in rats when
the animals are fed a heavy dose of 100
parts per million over a period of 2 years.

In animel studies. large doses of
7 OCTORER 1983

di Illu- many
L) ing acne-

preven-
tive medicine at mt State University of
New York at Binghamton who has been
studying the firefighters and others in-

volved in the accident there. suggests
thet PCB's n transformers may even be
dous thes " hebieved

more
because furans are formed winn PCB's
are subjected 10 the imtense heat of a five.
Soot taken from the contasinated state
building contained from X7 to 1200 parts
per million of dibenzofurans.

Accordiag o Martin Halper. chisf of
the jon division a EPA.
fires involving tranafermers and capac-
tors comtaining PCB’s are much meve
common than once theught. “it's ae
Io'rl_'-nuﬂuc-n s
MMW By comacting
ﬁu mpic. EPA s

llica_:w&r w0 ali

search by Robert Miller. chief of the
mma‘mum

that * mhnhaan-
ple hundred fires invok
Nwlh-ﬂnmhl“l.

-—nwhhl-nthnwdm
birth (0 childres with various abnormali-
tes. MUMMMM

: P .
months later. At least two children de-
veloped overgrown gums. The bebies
were also underweight. Kimbrough sug-

Halper thet there are 20.000

10 30.008 tramsformers with PCB's.

fow the lead of those in California and

Flovida is unciear. but Halper speculates

that the magority **will have 19 be fevcad

1o replace the old equipment.”
~danuns S

»
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L1 finwedaction

Iumcnahhhudmam‘-—-w—h-m-m
W recem yesss. a8 & growing sussher of compeumis have bern shaws i siier W
UROCOmpEIERCE. M—mhm"nwdm
comern Ihel decremse ihe i
1y 10 faction or iwmor cell challenge. This is passicuinrly true for palpchinsinaed
Siphenyh (PCBI, polybrominmed bigheavls (POBe) and 2.3.7,8-tesachivredd-
Sawzo-p-diovis (TCOON. Much less
1.3.7,8-te1rachiorcdibenzeluson (TCDF), whils no dase are repavied for
and

Afier & shont overview of 1he wsmuse sysem, he immune effocts s praduesd i
GiTerens spocies and wish difTorent enposure regimens oill bu diasuioed, sud an -
wmps will be made 10 grovide Mmne insigit Wnte the complex ectian of he vasiess

chemicals 0% BmUAGCOMpIRCE.
Effacts on weight 2nd hisiclagy of lympheid srgans ast discuised in Chageer 3.
1'-'5““‘ whi ::‘?1'. y.8. Code). L2 The imaone system
g W L 39
. H1 ¥\ The immune responte comprises 3l the bt rewslt from the
wot1cs: ‘{UG“ of calls Of the imsmune sysiem wioh aasigen. A fusdumemial charterissie of spucifie

immunity is the cuahlishmens of immunsiogical memery: e fien comvast wisks the
antigen (e.2. o0 infectious orgenium) imprint wetific infarmarion. Upse » weend
comart with (he same organiem, 2 30-calied secomdary immune respunss well ocewr.

Kimmbvowgh #0d.) Holograaed Sphenvhs. wurphoayis. sophoivsions:, diboncodionns and
rlowd products

© Enevier/Noreh-tHolland Buamwdecal Prexs 1908
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and  macrophage sciivaing factor (MAF), Kave volound effects on he
MItOphIge tumtions. Kiler crils Are Cy1otaTic and have 8 bey role e (he repeciion
Of emor coth snd iramplancs. As will be diacusasd taser, T Seiper coths collaboraie
S0 B ol in satbedy production agas mow satigens. Suppressor T celts fune.
1190 10 supprens the activity of B ceibs (Taylor and Basien. 1976) or effector T ceils
(Avherson and Zembals. 1976). 1n sddition, Ikere sre sndicasians for e presence of
B ettt that suppeess T ceth (Turk ot al, 197). Supprensor amd heiper cells play &
Major 1ol 1n the reguistion of an MmuRe reLpRNee.

The burss of Fabrcrus i birds Of he bursa-squivalent in mammebs (possibly
Sut-associsied by mphowt lissue or bone marrow) acts cemenl lymphosd orgas in
W em caths are induced 10 become (bursa-derived) B ceds (Fig. 8.0). B cells cie-
culste and ceude 1M thy areas of 1he sploen
(follicles and peripheral regroms of ihe white puip) sed lymph aades (follicies sad
medulia). Upon sniigemic simulaiion, B cells wpeciic for ket perticular sntigen
probieraie and develup im0 plasma celfs that secrme amiibady or wrve s memory
coth. The main immunogiobulin (1g) classes are 1§G, I5A and IgM. 1gG is the mou
shundant anisbady 3nd i primantly symhetized during the secondary responss. W
UM cepdily 1010 1he ExtravEwUlar litsue where 4 COmBIIS NCTOUCEMMLmY 20d
Ahewr 1031, IGA 13 Ihe MajOF IR im INe Y- MUcous Mecretion, snd s task 13 10 de-
fend the external wurlaces of the budy. Igh n s high-molecular weight amibody (hat
1% 8 very etiwient aggiuiinaior. igM is raduced early in ihe reapomse 10 infection
and 13, Aherelore. the mow effective Girut.tine defeme.

Ths div1siom 1 the orgamanstion of (ke immune rysiem does nou imply 1has T and

@ cells are wotally independers. For mou amsgems, COoOpEration briween them it
necessary for 1he generation ol an saiibody rexpones (1he s0-called T coll-dependess
homoral ceypansel, IhOuEh 1he mechanism of (hes coopevation is RO known.
Couperaiion by these T heiper celts it a0t necesaary for at amcigems: iype 1F1
i and £ coli ide are s0-called (hymus-
Mn—‘mmﬂc”d—“’muﬂ.
mhymic moe. Dependency of T cell conperaton aho varies with the class of im-
m:mlmmunmnthﬁnaﬁummhuﬁ

respowse.

Fined and free and (heir precursorn i ihe bone mar-
m““mml"h.hl.luwm""ﬁ-
MPS) (Langrvoort ot of.. 19700 Macrophages ore intumasely involved i ihe imitie-
1on phose and 1he effectar Phess of umarst and cell- madisted immune reaciions,
lqmnumlmﬁwﬁ-ﬁ“-‘n-“m
(Plerce and Kagy. 1976). Processing of smigen by macrophages wems 10 be

Mecrophage. but seme material is peobably reigined o the rface. Thie weface-
Dound antigem and perhage & 1 from imteracs with lym-
PROCYIES (10 IMNCE B0 IMATUAE reIpORse.

e rons. u
[ ahierar

i the efferior phase of

of and semiticed lymphe

tine coil-mediased immune (Espumse are prubebly medinied By IR eariver mesiuned
Py 1, phyviclogiesl sad condiions cae either
giextly - of indivecily - effect nnmu-llu—dmdlhl:

. Therefare, in
;::mncmnlmv-. 1977, For exampie. whan svoply of ihymus
-‘---a:mwumnmdau-mmuunum
(bere 8 310 & reduction in body wewght. 1paciel anemion shuuid b gvem 16 she
passibility thas the Mrophy is produced by undernuicien (Seriemhow o of., 1988
Gomats. 1974). An imesaxtion of the chemmcal wih the endacsine sysem shouid
also be comsdersd, simce variows hermenes (in particulss
modify 18 imemunclogical responsivenaat (White and Golineln, 1972).

0.3 Pelychiarinsied biphenyhs (PCBS)
iom that PCBs might afTect the immuse ynew wesumed (rom
’-‘1\: Mmu-,:ol-\ 18 1945 Flick ot ob. repursed thas -.--dvc.-_u'
i unall spiuens in chichens. Following ihis isitial repert, Ves sad Kesmen (1979
mlnhuumdxhuﬂnmdmm—-m
Similer effocis on lymphoid lissus were 510 0BIorved i 1he rabiie and guives pig.
Vhﬁ_lm\lwnﬁqdhlhx_lwm
M.C»—W.‘Amhlﬂ.wlh_“ﬂ.dl‘l!_l_
'ﬂ!ﬁn.lu—tmlhﬂxlm-rﬂ-h?nt:
e conex of (e thymus snd 8. L A
:-un-au—.vuuv-ma-—lmu——':
varying levels (ranging (rom 010 238 mg/hg dlet) of Clephen ALS 20 Asecier
far 4 0r 6 werks. Al levels a jow 83 10 mg/hg in the feed Suiy PCB poapasations
W*dlh*\dmm.dm‘-
Tabie 8. |l“_.l~.'-lw1m-l.-':
-ﬂllﬁﬂ‘/l‘“iﬂi-f&lhh'&‘—m-
affecs immunecompnence was (wrnished by Frisnd sod Traines (1970 whe
:-numu-u—mumnm-u“--m_
of tewicity, were meve suecepvble io challmpe wish dush hepmtisis vises. The
mduuhw-—.nhﬂd-&umm
M*‘m*;v-“. ve

choenis

and Ves and van
.:.—ut.?(‘——m pigs 1o Clophen AGS sad Aresies lﬂ-“-hv"-:
mg/ig diet comend § sigmilicons ronaid

8.1). Kellar and Thigpen (1973) .
of Arocter 1221, 1262 or 1254 resulted in & redhuction of besh grisnary asd wssndery
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B4 1105 Tesrarhioredibrnre-p-dlusia (TCDDY

From an unmensiogical usadpaint, TCDD has been ihe most extensively siudied
OMBtC arophy has beea reporied 1 oc-
U7 1R Mmost o 1aboraory smimals e3posed 10 ethal or subleihal dover of TCDD.
OF course, thymic 2970phy 1 OB 35 INICEHOR Ol IMIMUACIUDINELIOR LM ™any
1ot compounds or siressful evems may induce thymwc lesions sithough not
eCTIarHy (0 (he same destee s TCOD. Histologaily, ihe ihymus in TCDD-
expmed smman 15 by deplesion of 1he cortes
nd ymphucyie aecroms hus beew obwtved enrly after expoture (Vas €1 al., 197);
Gupts €1 8. 1973; McComnell et al , 1978). The thymi medulla s not affecied as
severely aa the coney and in many respects appears smlar 10 contisone induced
S110phy of the thymus (resiewed by Bach, 1979). inerestingly, the (hy mic meduils
1 populsied wuh mature T velis while ihe cortes contains pre thymic or immature T
colls (ceviened by Sprealico and Anacierio, 1977). Perwpheral lymphopenia has been
vbrerved 1 laboraiory anwash following TCDD exposure, ahhough faily high
douages may be required (Zinkl et al., 197); Vo ¢t ol 1913). Elevated nembers of
circulsiing lymphos yes Rave sho deen reporied 10 occur following TCDD evposure
(Wetnberg aid Zinki, 19731 Alieraioms 1n ihe number of circulaiing lymphocyies
shoull mor De considered 3 crierion for immune dysfusciion since suppressed celt
modiaied immumiy hat been reporied M exposuce bevels thal do nor induce lym.
phoperie (Vo1 and Moore. 1974),
The immanclogic effects foloming i vivo TCDO exposwre in bor the aduk
am neonsial snimal have been well Guinea pigs fisre 2
4 ng TCU per Lg body weght weekly for § weeks had depreswd delayed
Aypersemuivny redcirom 1a thercubin (Vos & al., 19730, In addivion, ihe second-
MY, MAOugh 101 (Rary, sniibedy respomse 10 1e1ans (0vaid was depreswrd o
Mgher dusages. In mice. 731 v3. how reacuvity was sugpressed folowing dosages
of 0.3 wg/hg body wehi wewkly for 4 weeks (Vos @ al.. 1973), while hym-
Ropcokinnanve revpuanes 1000w g 31imuiaion wilh PMA were decressad only
1he 25 ng/Ay level (VOr and Moere, 1974). Sharma e al. (1978) reporiod ke &
Mnber L) WnmuADIpN Sl parammeters were ¢f (sciod in mice snd rabbits follow ing
ot 10 low b ey of TCDD thess them 1.0 vg/ky/ work for § weetsy. Thew in-
chuded ducresses s | pome miogems (m levets
3 0ow o 0.1 49/ L g and decrenses in amsbody revponse (ieianes 1010k, shin reac-
ity (1uberculing snd wrum memunogicbulia lvels at dewages of 1.0 pg/ by body
wogh Iiatary feesing of mes wuh levels 38 10w 28 10 5 TCDOD/ kg reduced serum
v-¢iubulin, prmary and secondary smibody tiers 1o SREC, deisyed-1ype kypersen-
Wiy reatwns aad the uy to infe i
. 1.
A 10vem repoct has described the immene 11atus of 4 children (20 had chloracne)
whe tevded 18 (he inmedisie area of the TCDD comaminaiion ia Senvers, lraly
(Repgoane, 1978) Theve siudies found RO abnormalinies 10 serum L T

Imerune oltevarions L
concentrations, circulating irvels of complement snd lymghogeeliferative responass
of T and B celts (oloOwing mwopen simission ites s Chagter 982).

TCDO admnisiersd during (he pre/pavusial or pusiasial poriod vie muserngd
doting kas been reporied 10 Couse wveve effacts om Whe imman rymem i buoh muce
il 1045 amd may be for TCDO-i feset i the rae
Dosage of 3.0 48/kg i mice and (215 on varinus doys of priistion and vesning jop-
presses o venety of cell-medised e s inchuling greliferative
responnes of (PHA) and A (Con A)simuiased
splenic 2wl thymic lymphocyies (Vas asd Moore, (974; Feith sad Moore, 1977,
Lusier @ 3., 197%), delayed hypersemsitivity reactians (Mosre and Faich, 1976
Fauh amd Moose, 1977 Lasier ot ab., 197%; Thows and Hinssill, 1579, graft vs.
host reactivity of spieen cells (VOs and Nlosre, 1974) and ihe ability 10 reject shia
allagraiis {Vos sad Moore, 1974). As would be expecsed, the affecis are Mmore severe
whew iive chewical is adminisieved during the pre- sl pusinatal periods (han if ad-
ministeved solely in posiaaiat life tYos aad Maory, 1974; Faub et ol.. 1978; Luster o8
at., 197%). Furthermore, ihe effects are reiatively long:lasiing, persisiing up 1o 4
months of age (Faih et al.. 1978; Lusses o al., 19790).

TCDO affects humacal immune responurs but wpparemly soquices haghet duses
Ihan thae which induces defects in col-madiated immunny. As previovsly mem-
tioned, TCOD srposwre couaes teduction of 1reem - plobulin levels and snibedy
FEIpORsEs (O tetanus 100K in adull puines pigs 'y omly) (You et al., 197)),
rabbits, mice (Sharms et 3., 1978) and ploque:forming ca¥l (PFC) rpamnes 10
SREC in perinstally cvponed mice (Themas and Hisdill, 1979, Frial snd/ov
neonstally expesd i3 rrpend normally i@ bavine y-giobulie a8 messred by
passive hemaggiuimsiion akiheugh lymphegreliferstive reipemes fallawing
simwlalion with T cell misogems anct deioyed hypersensiiviry reactions sre sevarely
Grpresed (Fauk sad Moore, 1977; Luster @ al., (97%). Thine wudins wgamiesd
thas TCDD i of Tcoll L T‘wﬂ
Sunction was not affecied (Faish and Moose, 1977). Furthes viadlins  witiuh nesemad

further conlirmed (Rese obasrvations (Faish @ al.. 1978 The lymphopraiiforstive
10 1he B celt misogen. wes),

r-wmurcnn.u_-' xpepuse ik higher thas thas
which coussd suppression of T crll misngemic respmass (Lustr @ ol., 197%¢h. Ly
shopratifevative respomes following wimulsion with LPS sad antibedy revpoman
10 LPS reside i disincy B crit pepuissions sud ihus shouis e be comdered
mowymewt (Pos sad Mickast, 1976).
*rn.unn.umnumdouw-amadu:u
pa/kg/ wenk Tor 4 weeks) infersinn wib

cremed monsiity and ducresand lime (ram inlecien i doash. Infection by Hovpes
v (Prrnidorabias) did wor effors moriatiny. It was subssguemly olusrved 1hat iise
remied wub single or d doves of TCDD revesied " ey
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unuie of Ewviconmenisl Health Suiemes. Rewearch Truaagle Park, NC 27709,
US.A.L & reduced memiber of peronesi lrwkocyies (both lymphocyies and
MOROCYIes) was noted § deys following nducien with thiaglycolisie m mice ex-
powed 10 low tevels of TCDO s adulis. While the 2pmficante of this Ninding iy
Wresemly uaknown. o 15 ineresing 10 Rote that siawiar OBIETYEIIORS have bern
feporied (gowng iremimens with cyclophesphameie (Godrberg et al., 1979),
Alhough macrophage [unctions 40 noe appess Mverely altered by TCDO., i is uill
concervable (hai the incressl suacepiibility 10 endofosin mey be due 10 2 yet

TLDD mduced defect ivolved direuily in detorifica-

o,
Altempis Rave been made (0 dlucidae The mechanismis) responsible for TCDD-
induced immunosuppression. While, i gemeral, these siudies have a0t cuivinaied

m

Immune allerations

r L
ne wppresscr cell scrivity wae produced. Lmi—u-‘--«
conducted in rats exposed g w1c woser, 1979, Winle

alerm were primenily orused en inymecyies, the wusiies dicaiesd hes
l\':ww::lu-‘l-ﬁ!ﬂ—-dmh-lua'—-
.‘.mvu-umdn—n-dvnu-‘.wh--dr—
when transferred inle treased recipients.

A—wdu.ﬁnunmm-ﬂmm“mdrm—m
phocytes by in vitro exposere. 1n Hro siudies have ofien buen hampared by the o>

i o Beneans, 1973, 1t wen
saiability of TCDD Suffars b y
found that 100 ng of TCDD was only lﬁnh&uld:dm-e--r
volusnes of L S0y i =

olnervesiensh.
duien of normal serum enhonces ihe solubiliy (Luseer, wnpublished
eles Kwind.llﬂ’lMlhl.lud1mﬂdt~*

i definiive findings. ihey have provided valusile o 1he

between TCDD end the immune sysiem. Earty studios indicatad thas the atrophy of
he (hyinus by TCDO 1 not indirectty mediared by aliered piawitary or adrenal func-
tioms since thymic sifophy Occurs i adeemalectomised o hypophysectomized ias
remed with TCDD (van Logten o ai., 1980). Ferthermote, sovmal levels of cir.
culsing corucamerods cum be found in immunciuppressed TCDD 1Teated uines
PN (VOs ¢t 2l . 1973) TCOD trested muce have also been fownd 10 contain normal
1erum Sevels of 2inc {Vos et al.. 1978). TCDD-wduced 1hymic strophy is aos caused
#) reduced faod iniske (van Logien et al.. in preparaiion) or siteranons of wtem
(Vos and duta). Tremmmem of exposed mice

with (RymOonA, 2 thymic hormone wiich plays a vitel rale in T coll maruration. dees
Wi resiore noimal (Rymue archilsciure mor lymphoproliferaiive revpomse of
ymocytes @ T cell mitogens (VoS ot al., 1978). This may b indicative thas im-
TROIIPDrEIIoN 13 ACH duk 10 3 defect in T cell meturaiion. it was reported in an
ariier review INSL serum 1Om pre/ pominetally e1pored 1843 ugeTersed he is viiee
Iymphoproliferaiive tesponses of asrmal rat spioen celis, which weuld indicase 5
CHaone fac1or was present in serem from expossd amimaks (Faik o al., 1980
Howeves, wy huve Soen wasbie 10 confirm ihese Nadings veing serum from
iy exponed i mice {Luster & ai., wapublished data).

Oee of ow lsbacsiories have wremned (or ppremer ool 3IviY W
pre/ponnatally engosed mice (Luster ot ol., 19809, These uudios were prampeed by
tocem findings (hat 2 high incidence of immusecuppressed cancer patients and
‘umor Soaring smumels poserss & sub-papuistion of cells residing in civher the 8. T
Ot macrophage cell pepuiations capable of producing seluble (aciers which lgprens.
1he wnmsone sysiem. Cacultivation experisents i which splees colle (rom nevemel
Wnce wore culiured with splots colls fram TCDD. irenied Mice which had previsusly
evw treated with euber anti: T ool amtisers plus compleviont (10 dewrey T colla) or
muomyein C (10 Mock DNA syathess bt not production of suppresser facters)
Tasied 10 suppress lymphoprolifersiive respances of narmal sploen colls whes com-
pared 10 spioen celly from simwiarty iressed Rormal mice (Lustes & al.. 1908). These
Hudies indecared that while Ihe defective cell Lype resided ia the T cell papulation,

fficiet 1o induce aryl hysdeocardon hydrosylese activily in human
mc- u cultures white Niwa et al. (1973) repariad that )'nd:l:'"mn‘
8100 10 human vos e - nlll-lm:‘..
”dlum:wd*-e 10 T celt mitagens. m‘ ravians
nn‘l-l';-mﬂ«—‘-.tmud.umna—mhnud_—d
-n-du-ibrcnomhm:omnvcwm.-um—
M-umnh--icrwv.nu‘c-A-dmm.
m-u-u-mu-dnm“au.-tm-ﬂun

ing thet on
:‘“m‘ o discun. _Mdllcﬁl—hm‘?
respeet, lisame dioiri odion with {4
ol., 1976 and nd Olabl, [
retomtion g ik

.—-'-t—nllm--uu“

evidonce (o 3 TCDO
— oy vish TCOO in-

tivay. As

rasian of the TCOD recepser. i 8 ureng eguamas in fovaus of e saggsn-
::w-n.um-nmw wvem 0 e tomiz sutinn 3 TCDOD o
a‘q-m—--m)h-‘dmhm‘m-‘ -

Recomiy, INMI‘W-_w_‘—
-—'-dhpu—-‘vu-‘l—ﬂ'-tl: Luster o 8., in propastsionh
_”Ml~“h~‘l~‘-€l*.
e e e o oo e K708
L L3 ]

hod e colis ware supvessad 8 wbtithel v ol b
“.m;‘-ﬂ"lﬂwm-“
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Imeune aherotions 97
should be acted, however, het mare than & your ha dlopessl barwesn (ening 10
s 1we experimEMs (1ot 2e Chapier SA).

A oumber of uwdies have cxaminml PBS-asnecisnd affects i lsbmmery
animaie. Farber m 2. (1978) (ed PRI 1o dugs (ar 6} 40y & duagit ranpng from
0.06 10 4.0 mg/kg per day. The reparved immusapeisingiond shovanens wese
primarily amacisted with ik 4.0 Mg/ Ry domge grong ond 16 & musb lovwer cvem i
e 1.0 mg/kg pronp (dacages thet induced evert signs of \eaisity). Primasy Aediogs
uml*h-m‘mni—ll—-dﬁ-h_—-a
vansble degres of ¥ colt aven of lymph
the white pulp of the spisew, -‘-m—hwmn
paplitesl lymph aodes. Alhcugh ihymic sirophy wes presem in A8 gPoups o &
vorable evem, mn--o«--nl-”vdud*-
titer or semsiiviey repurt in abuoass form, hes i
rmm-umm-hll-iru.l—duhv—-‘m‘-
Tonding PHR m levets of 1.5 mg/hg for $ menshe and 29 mg/hg for 10 weshs (Al
and Lambeocht, 1978). it has beew reparied thet Whise Laghurn coshesed chivhs
cheamically fed PBS had depressen splenis bursa snd thymie woights (Ringsr, 19985,

A number of investigaiors have sudied inmunsiogical sberation fellowing PO
€xpatere i rodents. PRE sdminisiersd avally in mise and raes for 30 days esed of
22 doses) ¢t levels ranging {rom 0.03 16 0 mg/bg pov doy covemi & redhantion in
thymic weights of rats and splenic woights of mine (Luner @ ol., 19700, Purrher
mave, lymphopreliferstive (xpumees fallowing simission with T coll micogens
were depressed in the highest dosege group in besh 1puties and 10 & e extem in
1he nexs highent douses group (1.0 mg/Re). indicasing o doss respame. ARersnans
in bumeral-madisred immuniy occusred ondy in mise 01 the 3D mg/hg duge lvvet
= evidenced by decremuns in |.PS misegenic rexpancs of splowic iymphatyim, wrum
immmasgicbulin concemrations snd amibady respavam s SREC (PFC/ V0 st
cells). Wilsan et al. (1979) rupessed dupsesesd asibady seapomam fallpwing asute

Aposur g/kg dint for 3 mevks) w -tm
100l sploen ol yieids. uuu--ndl-u.—n.-non-.n-

hld&"u“"“*“”.&.
1979). Fraker and Aun (1979 repaveed that PFC reapmuam 10 SROC) in mise fod
dimscontaining |, 10 and 100 mg/tg far 30 days were SO, 10N andd 129, smp. of
comrel valuas, shivough it wes nos repasied whishev shis wes due 1 PPCy/ 40P calh.
or weial coll yiokds. Dulayed respaness
pessry regimen. Recomly, Lusov @ al. (197900 L
thu—u—:u-—Nb*uu—.-'—-b
.Ih!.lﬂlﬁh’-‘"ﬁy oy vies
omstions wese evi

dent in 1he Nghe dusage yroup aad incioded ducsemsad sibedy rupees 0
bavine 1-giobulin, deltyed Bypersemsitivity respummes, sad lymghupreliievesive
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udher be L PIImaies esposed under Ishoraiury
COMMIONS 10 devermne if ihere 1y & posewiiat for ummunuwOPreson 31 doray:
leveh thow have occurred in th.
Michigan papuiaiion. The prieaie uudies by Atlen and Lambrechi (1978) appess 10
Nave been denigned 10 aniwer these quesiions
Evidence 2o 1ugRENs (RM ACE v3. Chromic eposure may induce differemial of -
focin om the ummune 1ysiem. Spleni: weights have been reposied dacreased (UNOwing
scule exposure (Luvier ef al.. 1970; Wilion o1 al., 1979) and increased alter chrome
€3p0sure {iwma and Maore. 1979), and may indicaie recarery. While acute PO
eaposure may primarily effect humorat medinied smmunily. CHIORK €APOTUTE 0p-
Poas (0 fovus 0n cell-medisied immunwy and is (s sense, is mot unlike acwie vy
low levet chronic cyclophosphamsde expature treviewed by Back, 1975). This mey

Immeume alteretions Y
by which halogenaied bipheayh sher immuns funcion ¢
mmm-.Mnuknmchw_ " by which hese
chessecals may aliev immune (waciion. These inchude chamical induced shorasen
u-ﬂn-_.ch«i-h-h-ﬁ-ma-ﬂ_---ﬂ—-ub
duced defects of cetts iavelved cheminalty
Mmu‘-mdmﬂlmhﬁyhda@

hormones ace ki
ﬁ’ﬂlh”ﬂmlllm“u‘l“i*”‘h
lymphoid cells, defects in cethuiar activarion processss o induction of suppreses
cells. Dephetion of sesponding cell types a8 o ceskt of chemical eapusure could be
due 10 direcr lymphocytoroicuy resulting i desh of tymphecyses, Sleckage of ihe
sequence of pcific lymphacyse popuisien development o 1ame

[ s [L0e affect ihose ety
ctemsed prokiferaiion since B cells sre narmally more prokiferative tham T ceth. On
(he o1het hand. low-level chromec exposure would affect T celts a3 much if nos mare
1han B ceils because of thew slower remewal

The severe PBB.induced liver lenons that precede observations of immune
dysfuncion i tadenis may be more (Aan comcidental. Simce the primicy
probably occurs m the level of Nver microsomal enzymes
(Bobih ot al.. 1975), quamuaiive snd/ar qualitaiive changes in PSS meiabolism,
oy be requereu for immuae suppr esion (0 occwr. This may result divectly through
PBE o 2 metabolite acting on immunOcOmprIent 2nd/or precursar cells following
liver saturaiion or indiretly Unaugh shivaiton of ueroid metabolism, indicating 8
PBB- ueroud invermiion or smagomism. In this revpect phenobarbical, 8 typical

o - >
wuh 3ome wesk immunceuppreisive drugs (Spreafico ot ak., 1974).

The varous immune uudies wah PCBs and POSs were alt carried ow with
Witures of wiuch the individusl compaunds will differ in Iheir immuncieaiciy
Ponency. (n 1 respect the sudy of MeKianey ot ol. (1976) is imserening. These
‘whert commared ke ioaicity of five hesachiorobiphenyt comgemers in
wehme: 2).6.2°3° 8-, 2462°.4'8" 2,420 4 and
24,907,475 The latier chamical wes the sant tonic and was the enly one 10 pro-
duce (hymus arophy and edema w the chicken: Ioic reapanses similer 1o hese
found wih TCDD. As reported by Pulond ® of. (1979, of 2 series of 16
Nalogrnated bipheny! congeners, only three (1.4.1° 4" -ietrachiare-, 3 > W
hexachiore- and 3,4,5,3° 4°.5" -herarame-; which are woresisomers TCDO),
induced hepmic aryl hydrocartan hydreaylese actvity. Ome of these compounds
.48, -hexachiorobiphenyl) hes Geen shown 10 dogres parsmerers of i
coll- modiared immunuy i% young 1ais after parinaial masernsl expasure (Vos o of..
unpublished data) anu 1 Mdull guines pigs (Lusier ot al., unpublished daca),
vemucking (he wmmune effocts of TCDO. As PCls can be comaminaied with
chiormared didensolurans (Vos ot al., 19790, it can be comciuded 1hes 1he immune
elfacts of halogenaced biphenyls will largaly depend on the pressace in the misture
of those compaunds that are siereomemers of TCDD

pun‘nnmm-.ummum—-:mv-m

i ns
The likelihood is that most chevically
camples process wnd involwes more tham one of the sbove paseniial mechamums of

immune suppression
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