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DISCLAIMER

Although this Proceedings Document reports the presentations ead discussion
that occurred {n the PCB Symposium funded by the United Stetes Enviroumental
Protection Agency through Coutract No, 68-01-6354 with Life Systems, Inc., the
coutente of the Proceedings are the independent vievs of scisntists not
essociated vith EPA. Coneequently, the Proceedings Document hss not been
subjected to the Agency's pestr review process. It does not necesserily
reflect the vievs of the Agency snd no official endorsement should bs
{nferred,
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FOREWORD

Almost anyone vho i{s likely to open thie book will know the basic facte
about polychlorinated biphenyls (PCBs): first described {n the late 19th
century, they have been produced on an industrial scsle since about 1930. Ia
the subsequent 40 years they have been used extensively in a variety of appli-
cations becsuse of their chemical snd thermal scability and good dielectric
properties. Since the different commercial PC3 products sre not simple
entities but families of cowpounds, the picture is complicaced because individ-
usl components of these mixtures differ i{n their chemical, physical and
biologicsl propecties.

The initisl concern about chlorinated arcmatic compounds originared from
reports sround 1940 of chlorscne and. liver changes in vorkers who came. {n
concact with these ascerials during production or hsudling. Worldwide stten-
tion vas not given to PCBs, however, until 1966 when the journal, Nav Gcientist,
reported on Soven Jensen's finding of PCBe in pike frow Swadish lekes, in the
humsn brain and in an eagls which vas found dead in the Stockholm area.
During the years that followed, PCBs vere found i{n environmental samples in
several parcs of tha world., It becamas evident that these parsistent and
bioaccumulating compounds wers ubiquitously distributed; biological saterial
from polsr regions snd other uninhabited and remote arsas coutained trsces of
PChs. :

Ths U.S. manufecturars respoudad to these findings by limiting sales of
PCBs o usas in enclosed systaws only. The presence of PC3s in some isolated
eavironmentsl samples from Sweden might have remainad an snalytical curioeity
for soma time had not Rachaal Carson's book, "Silsnt Spring", alerted eaviron-
mental sciantists ~ and ths general public - some years before to the possible
danger of organochlorine compounds.

In 1968 accidental ingestion of PCBs through contaminated rica oil
revealed s numbar of toxic effects of PCBs in & group of Japanese people.
This {neident also established placentsl transfer of thasa compounds and
persistence in the milk of contsminaced mothers. Comparable effects vare
cbserved in the 1979 PCRa poisoning incident in Taivan.

In tha early 1970s, {t vas alsoc shown that humans vera directly exposed
to PCBs from such diverse sources ss food packaging msterisls and carbonlese
copying paper. Tha same time period also sev tha baginning of intensive
scientiflc efforts to understand the route of exposure end the fate snd
affacts of PCBa.

Loug tern exposures at lov levels vere studied and the phencmena of
bicaccumulation snd food~chain magnification were slso investigated, Prior to
studies vith PCBe, 1little vas known ou photochesicsl behavior and metsbolic
pstterus of chloroaromatic cowpounds.

PCBs production aud import is either forbidden or limited in most
industrislised countries. Hovaver, most of the total PCBs produced to dats
are either still fa service or found in dumps and land fills. To avoid
furcher environmental contamination, safe methods for ultimats disposal bave
Lo be found. .
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The PCBa prodblea vill not disappesr overnight. There asy be emotionsl
reaction and unfounded fesr conmcerning PCBs, but there is also the possibityty
of real enviroumental probleme with potentially hazardous consequencas. We
must look st the facts, evaluste them and conduct {nvestigetions in sreas
vhare edditional scientific research is required. A scientifically eound
basie for prudent political decisions wust be developed. The U.§. Eaviron-
senctal Procection Agency end Lifa Systems, Inc. sra to be commended for

orgsnising this (mportsunt Symposium.

0. Hutszinger
Uantvarsity of Tlayrsuth
Bayrauth, Carmany
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CHAPTER 1

INTRODUCTION

This publication s a compilation of dats presented and discussed during
the symposium entitled, "Recant Advencss in Expasure, Health and Enviroumental
Effacts Studles of ?CBs,” hald May 12-13, 1982 {n Bechasda, Maryland. Tha
symposium vas organized specifically as ar inforascion updece for the
Invironasntal Protection Agency's (EPA's) Polycirlorinated Biphenyls (PCBs)
Program. In more genaral terms, che symposium provided sa opportunity for the
exchange of {nformation between PCBs resesrchers from academis, government
agenciaes, industry and independent rssearch inscitutions.

The PCBs ?rogram wves {mplemencsd by the Office of Pesticides and Toxic
Substences (OPTS) to carry out the specific requiremencs of Section 6(e) of
the Tox{e Substances Control Act (TSCA). Section 6(e) msndates the
prooulgation of rules by the EPA for the disposal and merking of PCBs, end
ascaplishes a zizetsble for controlling the usa of PCBs, and for eliminating
the 2snufacture, processing snd distribucion of PCBs im commerce.

As part of the continuing update procass for acquiring relevant dete for
the PCBe Program, the OPTS requastad that & two-day symposium be undertaken
vhich would provide s forum for a full sand free discuseion of sciemtific
issues tvealatsd to PCBs.

Svaposium Scope snd Objectivas

Tha dats presented {n the symposium was limited to that vhich has become
sveilable since 1978, {ncluding both published date snd dets frow studies thet
are still {n progress. Mo formsl consideration was given the EPA's past or
potantisl regulatory sctivities concerning PCBs.

The folloving objectives wvere lotlbltlhdd for the sysposium:

1. To taviev, discuss and interpret PCDs scientiflc dats published
since 1978 and preliminary PCBa date from ongoing work.

2. To provide for an exchange of vievs betveen scientists who are
knoviedgesble sbout exposurs, heslth snd envirommentsl effects,
and human heslth studies sssocisted with PCBs.

3. To fdentify ressarch gsps and sreas of agreesant and
controversy.

Svuposium Parcicipents

The folloving individusls participated as the Chairperson, es Speskers or
es Discussion Leaders:
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Chairperson:

Dr, Otto Hutzinger*
University of Amsterdan
The Netherlands

Authors:

Dr. Seymour Friess

Jrill, Friess, Hays, Loomis &
Schaffer, Inc.

Arlington, VA 22209

Dr. Williem Caffay
Monsanto Company
St. Louis, MO 63167

Mr. Rant Hodges
Dov Chemical Coupany
Midlend, MI 48640

Mr, Richard Runter
U.S. Army Corps of Engineers
Tulsas, OK 74121

Dr, Robert Jamest
Ecology and Zanviroument, Inc.
Buffalo, NY 14235

Discuss{on Leaders:

Dr. Raywond Harbison

University of Arksnsas for
Medical Sciences

Lictle Rock, AK 72208

Dr., Rodbert Kaley
Monssnto Company
St. Louis, MO 63167 .

Dr. Renats linbrou|h3
Centar for Disease Control
Chllbl’l. CA 30361

Dr. Robert Moolenasrc
Dow Chezicsl Company
Midland, MI 48640

Dr. Edo Pellizzari
Regsearch Triangle Institute
Research Trisngle Park, HC 27706

Dr. Stephen Safe-
Texas A & N University
College Station, TX 77843

Dr. Mary Jo Vodicnik
Medical College of Wiscounsin
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Dr. Mark Melancon
Medical Collegs of Wisconsin
Milvaukes, WI 353226

Dr. Mary Wolff _
Mount Sinai School of Medicine
New York, NY 10029
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{Nov at University of Arkansas, Division of Toxicology, Little Rock, AR 7220S5.
Adov at Centar far EZyvironmenctal Bealth, Aclsnta. CA 30333,
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cvgantzation of Svmposium

In order to schieve the sbove symposium objectives, the symposium vas
divided into seven sessions., The session topics, in order of presentation
r4re 48 Sollovs:

Analvticsl Mechodclogies

Exposure Studies: Iavironmental Residues snd Bioeccumulation
Exposure Studies: Iodustrial Procssses

Reslth Effects: CEoidemiolngy

Health Effects: Liboratory Studies

Envirouamental Effects

Risk Assessment

Each sessicr consisted of the presentation of papers by one to three
speskers, folloved by a discussion pariod. During the discussion perioed, a
italogue vas established between the speakers and the symposium attendeeas.
Juastions vere snsvered, snd data end the interpretations of dats vere
axcnanged,

Esch Discussion leader moderated the discussion period for one or two
sassions. Pollowing the symposium, the Discussion Leaders prepered summsries
of the discussions frowm their notes and transcripts made during the symposium,

. The chapters that follow sre arrsnged ia the order of the seven sessions.
£ach chapter contains the papers that wers presented and the discussion
summary, prepared by tne Discussion Leader.

The last chap:er (Chapter 9) fs & surmary of the accomplishments and
+aeults of the vork presented and discussed during the symsposium. Although
vritten from the techaological viewpoint of a single participant (the
syoposium Chairperson, Dr. Otto Rutsinger), it provides a needed (nterpreta-
tion of the many fscts, recent technical advances snd {dentified data gaps
that were presented and discuseed during this two-day period.
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CHAPTER 2

ANALYTICAL METHODOLOGIES

This chapter revievs certain analytical sdvances in PCBs detection,
identification, and quencification. High rasolutfon gas chromstography is
coverad in dacail, with specific references to capillary columu development
and supporting 'phase’ mechodologies, detactor systems, and tha comparacive
advantages and linitations of each combination. Problems associsted with
instrumenc calibracion sra generally csused by the nonavailability ovr lack of
primary PCBs standards, and the possibility of using secondary stendards such
88 vell-defined commercifal PCBs mixtures. The application of these never
methods to environmental, biological, and process streem samples are discussed.

The discussion summary is ¢ reviev of the sdvantages and limitatious of
the various methodologies. Topics include procedures for analysis of PCBs
contaminants, validation wethodology, limits of datection, PCBs pattern
recognition, and the cost/benefit ratio of packed versus capillary column gas
chromatography.

RECENT ADVANCES IN THE ANALYSIS OF POLYCHLORINATED BIPEENYLS IN ENVIRONMENTAL
ARD BIOLOGICAL MEDIA

£, D. Pelliszari, M. A. Moseley, 8. D. Cooper, J. V. Harry, B. Demian

Analytical and Chemicsl Sciences
Research Triangle Institute
Research Iriangle Park, NC 27709

M. D. Mullin

U.8. Environmental Protection Agency
Large Lakes Research Station
Grosse Ile, MI 48138

INTRODUCTION

Polychlorinated biphenyls (PCBs), terphenyls (PCTs) and quadphenyls
(PCQs) had been manufactured as commercial mixtures [Aroclors® (US), Clophene
(Germany), and Kenoclor® (Japen)] for more than four decades before thay ware
basuned {n the US f{n 1976, Becsuse of their long-tern heavy usage as
dielectric fluids, {n transformers and capscitors, in hydrsulic fluids, fire

. retardants, etc., and their persistence, PC3s have permested into practically
every environmental sedium throughout the world (Rutzinger et al. 1974).
Because of their ubiquity PCBs have received considerable atzention {m recant
years in the ares of snalyticsl meseuraments and toxicology.

Since environmental pollution by PCBs first becsme apparenc, a plethora
of purification procedures, gas chromatographic systems, detectors and methods
for quantifying gas chrosatographic respomses has been reported to datermine
shs contmminatisa of envirccemgctsl and biological samples (Butzinger et sl.
1974, Sherma 1973, Chau and Sampson 1975, Leo at sl. 1976, Krull 1977,
Brinkman et al. 1978, Pomarantz at al. 1978, Stalling at al. 197%9a,b, Sherma

4
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1981, Albro at sl. 1979). Rowever, uncil recent advances in analvtical
{nstrumentation, eost of the couveantional methodology yielded only semi-
quancitative dats vith virtually no qualitative or quantitative information oa
the isomer composition for PCBs in the ssmple. The analytical problems are
complicated by the fact that there are 209 individual chlorinated biphenyl
{somars (Bsllschmitter end Zell 1980) spanning L0 homologous series (1 to 10
chlorines per bipheayl). A commercisl mixcure (e.g., Aroclor) ftself may
contain as many as 60 chlorobipheayl isomers representing several homologs
(3allochmicter and Zell 1930).

The coaventional guencificacion method {s based upon pecked columa gas
chromatography (GC) and reports the PCB content in environmental and
biological samples by referring it to & particular Aroclor mixture (e.g.,
Araclor 1262, 1254 or i260)., The CC decector is first calibraced ueing
counercial Aroclor aixcturass, and them the appropriste commercial Aroclor
profile ie matched to the sample profile. Using the Webb-McCall technique or
a varistion of it the total PCB content is calculated (Webb end McCall 1973).
This approach, hovever, {s potentially subject to considerable srror.

Environmencel contamtnation may be derived from Aroclor aixtures or from
incidentally genaraced chlorobiphenyls vhose profiles do not resemble Aroclor
patterns (Pittavay et sl, 1981). In either case, the conventional quantifi-
cation method is tnadequate, As time pesses, the "Aroclor pacterns” undergo
alteracion {n the eavironaent since selective vesthering and biotransformation
and biloaccumulgtion in living organisms perturd these patterns. The problem
of Aroclor pattern dissimilarity will be further aggravated as PCB monitoring
continues into the future.

The quantification problem s further exacerbated by production of
chlorobiphenyl i{somers {n chemical process stresms, incineration, etec., via
chepical or pyrolysis resctions vhich are sot the same se the chemical reac-
tions once used for the msnufacture of Aroclors (Pittaway et al, 1981). There
is no reason to believe that incidentsl generstion produces any fixed pattern
of chlorobiphenyl isomers wvhich the analyst can use to identify end quantify
chlorobiphenyls based upon pattern recognitiou from the packed column gas
chronatogras. Thus, the qualitative and quentitative anslysis of PChs in
gnvironmental 11d blological samples aud {u esmples from process streems
iavolves the difficult issue of having to detect, identify and quantify each
{ndividual isomer,

Tha sccuracy of PCB determination {n eunvironmental, biological and
process stream ssmples {s, {n addition to the reasons given above, also
related to the degree of varisbilicy in the snalytical response of each
chlorobiphenyl isomer to the detector eaployed (Hutzinmger et el. 1974, Boe and
Egaes 1979, Albro et al. 1981, 8sfa et al. 1975).

Recent theoretical and expearimental studies have indicated that the
biclogical properties of chlorobiphenyl iscmers ere significantly influenced
by the nusber and biphenyl ring position of the chlorine atoms (McKinney sud
Singh 1981, Polend end Clover 1977, Matthevs et al. 1978, Rimbrough 1980).
Becauss the toxicological properties vary considerably smoag iscmers (McKinney
and Sirgh 1981, Polsnd end Glover 1977), more sophisticated mechods capable of
yielding inforsation about the-chemical cosposition at the tsomeric level are

5
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required in order to precisely f{nvestigate end sssess the toxicologicsl
consaquences of PCB pollution. Obviously, the {desl analytical procedure {s
ons which identifies and messures ssch indfvidual chlorobiphenyl isoumer,

This chapter examines the most recent advences vhich strive to meet the
objective of individusl chlorobiphenyl {somer ident{fication and quentifica-
tion. The areas discussed are: (a) high resolution gas chromatography; (b)
detection sysctems; (c) availabilf{ty of chlorobiphenyl {somer standards; snd
(d) applicsctioun of state-of-the-srt methods to the snalysis of environmental
and blological ssoples. It is bayond the scope of this paper to include
sawpling techniques snd isolstion sad purificacion methods., These have been
sdequately revieved elsavhers.

RIGH RESQLUTION CAS CHROMATOGRAPHIC TECHNOLOGY

In order to analyze for 209 individual chlorobiphenyl isocmers tha use of
high resolution chromatographic techniques {s maadatory. In this respect, GC
currently is far superior to high resolution thin-layer end high resolution
liquid chromatograpby for PCB asnalysis. The relative merits of psckad columm
(low rasolution) versus capillary column (high resolution) GC anslysis of PC3s
have baen succinctly reported by Mullin end Filkine (1981). Their work
provided ths impetus for further tesearch ianto the determination of sn optimum
capillary columm(s) for the analysis of iandividusl isomers of PCBs, poly-
brominated biphenyls, pesticides and other halogensted hydrocarbons in biolog-
ical and environmentel samples.

Development of Capillary Columns

Mosealey end Pellizszari have recently reported om extensive investigation
into five varisbles vhich affect capillary performance for the snalysis of
PCBe (Moseley and Pelliszeri 1982s,b, Pellizsari et al, 1981), These
variables arer (a) materisl of comstruction; (b) precrestzent/desctivation
proceduras; (c) stationary phase type; (d) stationary phase film thickness;
and (e) cepillary dimensions. Bvaluation criterfia employed wara: (s) separe-
tion number (T2) betveen 2,2',4',S-tatrachlorobiphenyl end 2,2',4,4',6,6'-hexs-
chlorobiphanyl; (b) resolution between 2,2',5,5'-cecrachloroviphenyl and
2,2°,4",5-cetrachlorobiphenyl; (c) heighe aquivalent to sa effective theoret-
{cal plate (MEETP) for 2,2',4',5-tetrachlorobiphenyl; (d) sdsorption character-
tstics; (e) thermal stability; sad (f) general performance om an Aroclor
1242/1260 sixture (111, w/v).

Capillarfes vare made from pyrex snd soft glass, quartz, vitreous silics
and fused sflica materisls (Moseley snd Pellfizzeri 1982s,b, Pellizzari et al.
1981). The objective of this facet of the study vas to determine the wost
suitable materisl for construction, pretreatmant/desctivstion, and smenability
to coating of s thin, uniform, stadla film of stacionary phase. It was
recognised early in this work that these varisbles were not independent of
esch other. Except for C-87, ell stationary phases evaluated could be coated
on the flexible silics capilliarfes (Pellizsari et al. 1981). 2reference for
the silica capillaries vas attriduted to their flexible nature facilitating
their assembly iuto CCs even by the novice. Thus, s major {mpediment to the
use of capttluries by the awmwlycical community had been removed.
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Many pretrestaent/deactivation procedures vers investigated since the raw
constructi{on material vas not suttable for directly coating with statiocuary
phase (Moseley and Pellizzari 1982s,b, Pellizzari et al. 1981). The
procadures vers: (s) darium carbonace trestment; (d) Carbowax 20M; (c)
Superox-4; (d) HCl etching; (e) persilylation; sed (f) thermally fnduced
polysiloxane (SE-52 or OV-101) bonding. The preferred methods vers poly-
siloxene deactivation on silica and pyrex and persilylscion on pyrex (Moselay
and Pellizzari 1982b, Pellizzari st al. 1981).

Although glsee capillariss coated vith C-87 staticnary phass provids
excellant vesolution of individual chlorobiphenyl feomers, uss of C-87 cur-
rently is limited by two fectors - Lta Cemperaturs etadbility {(~220°C) end the
current i(nability to succesefully cost s uni{form fila on ailica. Becauss of
the upper temperature limit the C-87 phase coeted cepillariee ave inadequate
Tor the anslysis of PCTs, PCQe, PBBe and sample extracts which are vary
"dir;y" (e.g., fish). For thees ressons slternste stationsry phases vere
soughe.,

The current litersture reports seversl differeat phases used in cepillary
GC tor anslysis of PCBs (Aldro et gl. 1981, Mullin and P{lkins 1981, Krupcik
st sl. 1976, Krupeik ot al. 1980, Aldro -at sl. 1977, Sealling et al. 1978,
Trunstra st al, 1981); hovever, until our vesesrch there was not a concerted
effort to systematically evaluate phasss (Moseley and Pelliszari 1982a,b,
Pellizzard st el. 1981), Using the previcusly mentioned criteris o matrix
designed study vas executed in concert snd vhile making s cowpsrison of phase
selectivicy (McReynolds' conztsnts) to guide the oversll favestigation
tovard the "optimm" phsse. Among the phases avsluated vere C-87, SE-34,
SP-2100, QF=~-1, SE-S52, OV-101, Dexsil 410, Aplezon M and Aplezon L. Early
results predicted (from McReynolda' constants) that Apiezon X would most
closely miaic the excelleat seperstion pattern of C-87 (Pelliszzari at al.
1981). 1In fact, this correspondence was experimentally demonstrated (Moseley
end Pellizzari 1982a). Seversl advsntages of Apiezon M vere rvecoguized and
will be discussed later. Finally, s cowplementary stationary phase to Apiezon
M vas scught so that one phass could serve as a primsry analytical colusn sud
the other s reference column, 8%-354 coated capillaries provided a signifi-
cantly different resolutionm pattern compared to Apiezon M and SE-54 vas also
selected in our research (Moseley and Pallizzari 1982s,b).

It hes long besn recoguized that the thinner the stationsry film thick-~
ness the higher the mass transfer coefficient. The sample capscity, hovaver,
decresses. Thus, resesrch was performed to determine s fila thickness vhich
hed a very high ssss transfer coefficient (as messured by BEEIP), adequate
ssaple capacity for the detection system to be employed, and atadility to
long periods of usage (Moseley and Pellizzeri 1982s,b, Pellizzari et al,
1961). Scability (to solvent and thermal shock) could, of course, be impsrtad
by {smobilizing the film on the silica surface by @ crosalinking/surfaca
bonding veection (Moselay and Pellizzeri 1982b).

Tvo methods vere tveported vhich ismobilized phases to silica (Moseley snd
Pellizzard 1982b). Oune utilized s thermal technique (SE-52), the second a
dicumyl peroxide rssction (SE-S4), The first secthod easily produced the
desired Q.025.u film capillaries for use with electron capture (EC) and
negative fon chemical fonizatiocn (NICI) mass spectrometric (MS) detection of
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PCBe. These capillaries exhibited s bdleed of 0.7 pA (flame ionization datac~
tion) st 320°C. The secoud mathod ylelded thicker films (0.1 u) for higher
capacity for use with electron impact MS.

An Apiezoa M phase immobfilized to s{lica has not been reported.

Toe results of these {nvestigstions which speciffcally focused on resolu-
tion of PCBe indicated that s eilica cepillary, polysiloxane desctivated,
0.2-zm ID x 50~m in length, coated vith Apedzon M (0.02S u fi{lm) or SE-34
{0,025~y fils) 1s preferred (Moseley and Pellizzari 1982s,b, Pellizzari at al.
1981). 4An Apiezon M costed silica capillary sllovs the elution of PCBe to
occur approximately 30-40°C lower than other stat{onary phases (Moseley end
Pellizzard 19824,b, Pellizzari et al, 1981) and is thermally stable to ~285°C.

Comparison of Packed and Capillsry Column Profilss

The ioherent diffarences becveen lov and high resolution gae chroma~-
tographic coluens ere exemplified by Figures_ ! and 2. Figure L compares the
profiles for s standard mixture of Aroclor 1242/1260., Figure 2 depicts cae
profiles for a stack (stationary source) semple (Mullin 1981). Both high
resolition enalyses vers performad on SE-34 fused sflica capillaries.

It 4s evident {n Pigure 2 that the lov resolution profile does not
readily rssemble a commercial Aroclor mixture. Thus, it wouyld be highly
inaccurate to qusntify the lov resolution profile using e commarcisl Aroclor
standsrd for {netrument cslibration and the Webd~McCall method (Webd end
McCell 1973),

Several axsaples demonstrating the performsnce of Apieszon M eilics
.capillaries will be discussed later in this chaepter.

"DETECTION BYSTEMS

Modes of Detection

Use of saversl types of detectors hss been teported over the yesrs in the
enslyais of PCBe. However, only a few have made significant recent advances
that atre noteworthy. These ere electron capturs, negative ion chemicsl
{onizgtion mass spectrometry (NICI-MS) and selected ion monitoring (SIXM), s
variant of electrou impect msss spectrometry.

Electron Capture Detection '

The electron capture detector ccntinues to be one of the moet sensitive
end hence veluable selective detectors for PCH detection, It {s only recently,
hovever, thet its full potential has been realized and fncorporated inte
commerciel systeas,

From e quantitetive standpoint, one of the limitations of the electros
capture detector in past has been nonlinesrity of responss. Until the
Jtd«1970s taw BECD in wee hed & tinear dynamic renge of epproximately 50-100.
Several papers have deslt vith determining the proper function vhich would
give ¢ linear velationship with concentration (Pellizzari 1974, Wentvorth and
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Figure 1. Chromstograms of Aroclor 1242/1260.
Top = packed column, dottom = capillary.
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Chen 1979). It has been suggested that the response was logarithamic by
analogy to light absorption (Wentworth end Chen 1979), However, vhen the ECD
vas operated {un the pulse sawpling mods the reactiocne occurred primarily fn
the fl{eld free period, so thet the analogy was not considered very appropriste
(Ventworth and Chan 1979).

Once & valid kinstic model for tha electron capture processes for thermsl
reactions vae derived by Wentworth et al. (1979) snd the ressarch in atmoe-
pheric pressurs ionizstion Dass spectrometry gave direct evidence ob negative
and positive fon formacion (under ECD conditions), tha solution to slectron
capture decector nonlinearity wae in hand, Atctentfon was focused on the ICD's
concentration dependance vhich has been of grest concern to anslyticsl chemiscry.
Analysis of che kinetic model was carried out by numerical solution of differen-
tisl squactions vhich allevisted some of ths esrly mathematicsl assumpzions.

As & result of the experimental work on electron capturs mecnanisas,
subsequent reports sppesred in the litersture descriding su eltarnats method
5f linearizatisn of response (Maggs st al. 1971, Pattarson ac sl. 1976). The
fundemental principle wes bssed upon modulating the frequancy of pulsing the
decector elactrodes so that the plasma current vae mainteined constant. This
function is givea by

vhers F_ = ths fraquency giving the base current in the ebsencs of
cspturiog species
¥ = tha fraquency giving the base current im the presence
) of & cspturing speciss

Inftislly there vers rsports of s "bresk”" {n linegrity, bdut with improved
instrument design perametars this problem vas eliminsted (Patterson et ol,
1976). Thus, the modarn ECD utilizes moduleted pulsed fraquancy to schieve a
dynamic renge of approximstely four orders of magnitude, an improvement which
is necsssery for the anslysis of PCBe in eavirommental and biological samples.

A second limitstion vas the ECD call volume. This probleam did not
surfece uatil enalysts begen investigsting the use of high resolution capil-
-lary columns (Pellizseri 1974). The original call volumes of 2-é-al wvera sde-
quate vhen used with peckad columns whose flovs vere high snd chromatogrephic
peak shape snd efficiency ware preserved. A fov isolated reports sppeared {n

the literaturs addressing improved call design, in particuler lov voluse
cells, for use with cspillaries, ECD cell volumes betveen 250 end 300-ul
utilizing & coaxiel design etill required a scavenger gas after the capillery
column to reduce the residence time in the RCD cell and preserve the ultra-
high theoreticel plates vhich vere stteinable by capilleries (Pelliszzart
1974). Novevar, it ves only recently that commercisl GC systems became
routinely evailable vith ECDe compatible with cepillery flowv rates.

With these tvo parallel developmente it fs nov feasidle to perform
slegent quantitative sleccron capturs detection of PCRa.

11
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Negstive lon Chemical lonizstion Mass Spsctrometry

_ This detection method is s verisot of positive oo chemical fonization
wase epectrometry. The sseociated electromics to regulate, focus snd pass
negative ions to an appropristely polarized electron multiplier vare developed
{n the n1d-1970s: hovever, {t was not until recently that {on sourcs and
tesgent gas counditions vere {nvestigated for optimizing PCB analysis
(Pallizsart at al, 1981),

N1C1-M3 1s uniquely suited to messuring tracs quantities of poly-
halogenated chemicals {n environmental ssmples decauss of its high sensitivity
for these chemicals sod its virtual transparency to otherwvise potantially
toterfering molecules (Kuehl ac al, 1980). It slao providee, in sddition tu
sensitivity, aoleculir {o0o foformacion sud thus e verification of the struc-
tursl entity being measurad, s highly desirsble fssturs vhen examining complex
snvironmental and biological samples.

NICI-MS is very :lossly analogous to electrou capture detectiou in that
the fon forming reacticos are common to both, The ioo forming rescticas thst
sre important for polychlorinated molecules have been described (Kuehl et al.
1980), They include: (a) the resident capture of thermal electrons; (b)
chloride sttachment; (¢) daprotonation; sud (d) oxygen sxchsnge. Becauss
RICI-MS {s & novél technique, the operating parameters vhich optimize the
technique preferentislly to one of the above mechanizms for PCB anelysis have
recently been studied in our laboratory.

lavestigations {n thie ladoratory have centered ou the use of high
resolution gas chromatography in combination with NICI-MS vhile elucidating
and charscterizing {nstrumental psrameters suitable for PCB snalyses
(Pellizzari ot al. 1981). These fnvastigations have {ncluded: (s) examining
the performance of two different ion source desigus; (b) the effect of source
pressurs on sensitivity snd spectrsl signature; and (c) tha effect of various
reagent gases ou sensitivity sud fragmentation of PC3 isomexs. Compared to
conventional electron {mpact MS, less information about the structure of the
compound {s obtsined. Thus, the specific sim of the investigstions vas to
study saveral moderating and reagent gases to enhance: (1) tha formation of
molecular anions of the individusl chlorobiphenyl Lsomers; or (2) their
dissociation to yield chloif{de 33 aud 37 fsotopic snions (Pellizzari et al.
1981). )

Resgént gas studies wers conducted with methane, oxygen/nitrogen, nitrous
oxida/aitrogen, nitrous oxids/methane, diflyorodichlotomethsne, snd tatra-
fluoromathane. This variety of reagent gases vas necessary because & sajor
problem encountered fu WICI-MS snalysis of PCBs had been ths lack of molecular
wveight fnformstion obtained for the lover wolecular weight PCBs (C,-C.) under
nsthane moderaced electron cspture conditions, Since the lover sotecdlar
veight PCBe uudergo dissocistive electron cepture to form Cl ious under these
conditions, uvee of s Tasgent gas vhich chemically rascts with individual
chlorobiphenyl isomers rather than just moderating electron energy led to the

. observation of usaful woleculsar weight {oformation in ths spactral signature.

Field et sl., (Suit sod TPield 1980) hed observed that a aixture of
nicrous oxide and wethane produced sbundant 08 1ous under negative ion
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conditions. The hydroxide {ons vere observed to resct with a wids variety of
compounds by proton abstraction to form (M-8)" f{ons. Therefore, this resgent
gas wixture vas studied in our laborstory as s likely candidste to provide
molecular veight foformation for individual chlorobiphenyl {somers.

Expetriments vere conducted with an LKB 2091 magnetic sector instrument
vith s relatively open source deeign, Figures 3-7 depict msss speccra of
monochlorobiphenyl, trichlorobiphenyl, hexachlorobipbenyl, occechlorebiphenyl,
and decachlorobiphenyl obtained under ¥,0/CH, NICL gonditionn. Nicrous oxide
vas introduced through s reagent ..,szui.c (g x 10 ° Torr as vessured at the
Penning gauge) and methane (3 x 10 Torr) vas passed {nto the fom source via
& GC make-up line snd sapsrstor. Based om cslculetions made for positive {oum
methane CI_the actual source prassurs axerted .by both- reagent gases vas
0.2-0.3 Torr. The MS syetem vas optiafzed for m/z 17 (OH ). A 2-uL {ojec-
tion (Vv100-pg) of & standard solution of PCBe vas made vith a S:1 split ratio,
As indicated in Figure 3 the spectrum of 2-chlorobiphenyl o:hi?&tod (M-8)"
fons. The M- pesk st m/z 188 ts no larger than expected from '“C fsotope
abundsnce. In addition,. | very low intensity {ons vere found for the (M=B+0) "~
ion at m/x 203, (H-lou 0)” 1ou at m/z 231, and (M-H4NO)~ fom at a/s 217,

Tha high maes region for trichlorobiphenyl (> m/z 40, Figure 4) mase
spectrun vas dominated by the (M-H) fons st m/z 253'.1 $7, and 259, The M=
{ntensity was grestar then predicted on the basis of '°C isotope sbundance
(242 vs. 13%) suggesting thet scme stabilizetion of M- as occurring. Also,
(M-C1)~ ions vere evident st m/z 221 end 223,

Tor bexschlorobiphanyl (Figure $) the (M-8)" fons at n/z 337, 359, 6!,
sud 363 vers pressnt. Also, uubutunfsul sbundance of ¥- fons ves observed
(53% observad ve, 13T calculated as "°C)., Ion clusters for ths loss of one
chlorine (m/z 323) end tvo chlorines (a/s 288) from the parent molecule vere
detected. An {intersating_fon cluster Tormed by the lose of chlorina and the
sddicion of oxygen (M-19)" wvas obearved (n/s 338).

The nase spectrum of octachlorobiphenyl (Figure 6) exhibited negligible
hydrogen sbstraction but was certainly domtnstad by M~ fons. Since thera sre
only two hydrogens sveilable for sbstrsction on this PCB homolog, this resuilt
vas unexpected,

Decochlorobiphenyl (Figure 7) with no hydrogens svailable for abstracgion
yislds & spectrum thet is due to electron capture (formstion of ¥-) and Cl°,

The adove observations for l O/CH, resgent gas indicate that verifi-
cstion of the molecular weight o! the e‘lereblphonyl {somer can be achieved in
high resolution GC WICI-MS. Furthermore, the homogeneity of gas chromato-
graphic pesks {n complex mixture snslysis cen be establishad sicce non-PC3
substences or nonhomologous PCB fsomers csn be distinguished. NICI-NS will
thus provide soleculsr veight informstion, vhich has been one of the strong
suits cleimed for RI-MS, .

Another moderating gse typically used in NICI-MS {s methsne. Expariments
in our laboratorias on ths effacts of source pressure on sensitivity {ndiceced
that ss ths methans prassuve -incressed so also did sensitivicy. As s cowpro-
misa betveen maximum sensitivity snd excessive prassure, s reagent gss pres~
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sure of 4 x 10" Torr is normally employed (messured et diffusion pump throst,
sctual source prassurs may be higher).

0f the reageant and moderating gases studied, esethans provides ose of the
more sensitive wodes of operetion., Howevar, the orincipal mechanism of
reaction {s dissocistiva electren capturs :eading to a/t 35 end 37 which can
be used for quancificetion. -

The chemical thermodynamics {u NICI-MS ie elso effected by the physical
design of the GC/MS sourca vhera tha CI takas place. The expariments con-
ducted with & relstively open sad closed scurce designs gsve parellsl rasults,
The principal feeture of the open source was that it ves less sudject to '
filsment carbonization snd 1ts sensitivity ves maintsined scable for s few
weeks. Cousidereble sbsolute differences in tha limits of detaction wars
obssrved betveen tvo different {netrument makes. Oue eystea was clearly
capable of detecting in che high femtogran region, while the othar required
tvo orders of magnitude more PCB materiel.

Thus, the adventeges of both sensitivity and molecular weaight informstion
can be resiized with NICI-MS. The xecent studies have provided e bessis for
choosing the appropriste opersting parsasters for enalysis of PCBs.

Selected lon Monitoring Utilizing EI-MS .

Electrou impect mass spactrometry hes been s very popular snalytical
tool, {n eddition to ECD, as & GC detector for PCBe. The use of the conven~
tional scsnning mode suffers from an inedequate limit of detection for chloro-
biphenyl {ecmers. The limits of detaction may differ between EI-MS sud ICD by
as such a8 three orders of sagoitude (Pellissari 1981). PTor this reesocn,
EI-MS per se has not been widely successful unless there are large qusntities
of PCBs prasent in suvironmental and biological semples.

Thare have been reports, hovever, of s specialised epplicetion of BI-MS,
Selected {ov monitoring (SIM) hed baen primarily developed for drug enalysis,
but recently it has been spplied to verifying snd quentifylng PCBe (Tindall
and Wininger 1980, Martelli et el. 1981, Albro and Parker 1980, Erickson aund
Pollizzard 1979), Improved limits of detection sre realized.

Another verient of R1-MS is limited masy scenning (LMS). The use of SIM
(prograsmed wode) end LMS parmits the epsctromster to spend more time trase~
aitting through the analyser to the electrom multiplier ions of {nterest to
yield lover limits of detection (Tindell and Wininger 1980). Both of these
techniques ate under computar coutrol snd are slso available to the anslyst
vhen operating i{n the NICI-MS mods.

Pulsed Positive Ion Negative lon Chemicsl Ionization (PPINICI) Mass
!ggctte-‘cgz

During the past few years PPINICI has basn developed: rapid svitching
betvesn positive end megative C1l (12kls) sllovs simulteceous faformation to be
scquired (Pellissari end Moaeley 1981). Little resssrch hss bean parforsed on
{te optisizailon sud spplicetion to PCP adelysis.
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Combination of High Resolution Cas Chromstograpny and Ultrasensitive

Datection

Figures 1 wnd 2 depict the combination of scate-of-the-art high resolu-
tion chromatography aod electron capture detsction. It is clearly evident
from thees profiles thet sodern EC detectors are designed to preserve che titgh
resalution which capillary columne are mov capable of delivering,

The direct coupling of high resolution GC capillaries with the {on source
of nass spectrometers has also been successfully sccomplished. The flexible
satire of silica capillaries has greatly fsciliteted this accomplishment,
since most M3 systems are not vell anginaered to accept the rigid glass
capillaries.

Figure 8 depicts an exampls of anelysis of en Aroclor 1016/12%4/1260
wixtuve (2.5:2.0:1.0 ¥/w/w) utilizing @a Apileron N phase coeted (0,025=y
fila), PSD silica cepillary and NICI-MS detection. Table 1 lists the operat-
ing conditions vhich vere optimized for dissociative electrom capturs ({.e.,
enbaocement of u/3 35 and 37). The mass chromstogran (m/z 35) axemplifiee the
closs simflarity Datween the proportionsl response !o:.idZIVQCunl chloro=
biphenyl Lscwers uunder sethane NICI counditions eud those obtained with ECD,

An axpsnded version of this chromatogrsm is givean in Figures 9~1]1, Chromato-
grephic peats 3, 33, and 10) are the incervel standerds, 1,2-dichloro-
naphthalens, 1,2,3,4-tetrachloronaphthalene, snd octachloronaphthalens,
respectively., The chromatogrephic peaks depictad in Figures 9-11 indicete
1desl symmetry snd thus the chromatography vas preserved. Ths pesk residence
tines ares generslly 7-8s, Because the ECD and NICI-MS profiles are super-
impossble, the numbering scheme shown in Pigures 9-1! vas standerdized for ocur
chsrecterization research end for our cross-referencing and verification
efforts. The fdentity of seversl of the peeks vill bde discussed delow.

Another meens of representing NICI-MS {nformation is dapicted dy Pigurss
12 gud 13, The top trecing {s the one shown in Pigure 8 but it {s consider-
ably reduced. The remaining profiles fu Figurs 12 are mass chromatograme for
n/g 188 (C1,), 222 (C1,), 2836 (C1,). 292 (ct‘), and 126 (Cl.) representing the
five homologous series: It {s ortant to note that under asthane NICI
conditions, the intensity of molecular anions for Cl =Cl, {s vary vaak to
nonexistent. It {a wmore sppropriate to use N,0/CH, for Setecting vhich
chromatogrephic peak balongs to a homolog. Figure 13 shows sass chromatograms
for a/s 360 (C1.), 394 (Cl,), 428 (Cl,), 462 (Cl,), and 496 (C1,, not detected)
reprasenting :h’ tensining homologous ssries. Ifi this case oll 9! che chloro~
biphenyl fsomers vers detected {n the Aroclor mixture.

Yariation of Detector Responses

A common prodlea with ECD, NICI-MS end BI-MS (SIM, LMS) es detectors s
the large variation vhich {s observed detween the individual chlorobiphenyl
isomsrs, both within end between homologous series (Nutzinger et el. 1374, doe
and Egsas 1979, Albro et al. 1981, Sefe et sl. 1973). Tha relstive response
farrare (RRZ,) for o tc’ i{ndividual chlorohiphenyl {somers obtained with high
~esolutisn GC-ELL [(GT)“-ECO] have besv reported. A majority of the {somers
have been analysed in our laboratory and tha ll!i comparad (Teble 2), Tha
nnrl vas calculated as follows:
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Mass chromatogras (m/z 35) of Aroclor 1016/1254/
1260 obtained by T, NICI-XS.

21

MONS

026062




Table 1. (GC)ZINICI-HS Operating Conditions (Finnigsn 4021)

Paraneter Coadition

6
Capillary Fused silica

D 0.23 am

Leogth 45 »

Deactivation Polysiloxane

Statiooary phase Apiezon ¥

Fila thickness 0.025
He carrier 0.6 eL/sin (32 cm/sec)
Splitless/split 60 sec; 10:1
Tempersture 100°C/0.1 min + 260°C €1.5°C/sin
us

Reagent gas

Forepreseure

High vacuum pressure
Manifold temperasturs
lonizer temperatuxe
Esission curreat
Rlectron energy
Scan cycle
Scan range

4
2
2
120*
260°C
0.5 mA
70 oV

1.0 sec
30-700 daltons

<]
0. 4 28
6.2 x 1073

to
x torr
¢
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Pigure 9. Mass chromstogram (m/z 33) of Aroclor 1016/1254/
1260 obtained by Cl‘ NICI-MS (T{gure 8 expanded).
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Tigure 10, Mase chromatogram (m/x 35) of Aroclor 1016/1254/1260
obtained by cn, NICI-MS (Figurs 8 expanded-~middle portion).
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Pigure 11, Mase chromatograa (m/z 33) of Aroclor 1016/1254/1260
obtained by CB, NICI-MS (Pigure 8 expanded--later portion),
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Pigure 12. Mase chromatogram for parent ions of sach PCB homolog
(c‘l-CIS) in Aroclor 1016/1254/1260 mixture.
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Flgure 13. Mass chromstogran for parent ions of aach PCB howolog
(Cl‘-Clxo) in Aroclor 1016/1254/1260 aixture.
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Table 2.~ Relative Response Factors for Iadividual PCB Isomers Using (GC)ZIECQ

pCB
Hooolxg Is I3 .
(No.) No. RRI"t (%RsD) Range Mean ¢ S.D. (%RSD) N
1C1(3) 1 5.061 (3.9) °

2 11.470 (2.5) $.061-13.143  9.885 £ 4.27 (43) 3

3 13.143 (6.8) :
2€1(12) & 3888 (e1) P

s 2,925 (5.9)

7 0.523 (5.6)

9 0.376 (3.4)

10 0.619 (1.8) 0.142-3.555  1.427 2 1.28 (90) 9

11 2.726 (1.2)

12 1.231 (1.3)

la 0.749 (0.8)

15 0.142 (3.9)
3C1(24) 18 0.708 (3.9) ©

2 0.313 (0.5)

22 0.598 (4.6)

26 2.038 (0.9)

29 '1.514 (2.0) 0.313-2.035 1,137 ¢ 0.65 (58) 9

30 0.321 (4.4)

31 1.706 (2.9)

2 1.389 (2.2)

N 1.656 (2.7)
4C1(42) 40 0.422 (1.2) ¢

62 1.252 (5.8)

Y 0.471 (0.6)

o 1.086 (2.6)

P 1.472 (0.7)

46 1.585 (0.7)

&7 0.908 (3.3)

48 0.460 (0.4)

& 1.008 (1.6)

0 1.150 (1.0)

52 1.176 (2.8)

3 1.504 (1.2)

sS4 0.643 (4.4)

56 1.004 (0.6)

8 1.632 (1.2) 0.367-2.126  1.026 £ 0.39 (38) 31

60 1.160 (3.8)

61 0.367 (0.3)

62 0.918 (1.0)

63 1.138 (0.6)

6 0.479 (5.3)

66 1.229 (2.3)

1] 0.812 (1.9,

69 0.866 (1.5)

70 0.978 (8.4)
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Table 2 (continued)

PCB
Honolg; Isontt
(No.) No. RRF, (%RSD) Range Mean ¢ S.D. (%RSD) N®
4C1(42) n 1.036 (0.3)
(cont.) 12 1.039 (3.1)
73 0.812 (1.3)
15 1.096 (1.4)
77 2.126 (0.5)
78 0.831 (0.7)
81 1.097 (0.3)
SCL(46) 82 i.123 (0.6) €
83 0.440 (3.4)
8s 1.358 (11.4)
86 1.094 (2.5)
87 - 0.999 (18.3)
88 0.697 (0.6)
92 0.904 (0.3)
93 1.226 (1.1)
94 1.456 (1.1)
96 1.092 (0.1)
97 1.047 (3.7)
98 1.231 (0.8)
100 0.944 (3.8)
101 1.058 (5.7)
103 0.857 (2.2)
104 0.986 (0.8)
106 1.324 (1.9)
108 1.242 (2.4) 0.440-8.079  1.206 £ 1.23 (102) 35
109 0.450 (3.3)
110 1.461 (1.9)
111 1.059 (1.3)
112 0.984 (13.6)
113 0.875 (1.5)
114 1.382 (2.1)
118 0.879 (4.8)
116 0.641 (4.7)
117 0.901 (1.8)
118 1.288 (2.6)
120 1.031 (1.6)
121 0.388 (1.2)
122 1.243 (2.6)
123 0.709 (3.2)
124 0.509 (4.2)
126 8.079 u¢
127 1.242 (2.4)
6Cl1(42) 128 0.952 (1.2) ©
129 0.882 (7.3)
13 1.384 (3.9)
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Table 2~ (contiaued)

PCB
Honolgg Ilou%r .
(No.) No. RRF, (%RsD) Range Mean ¢t S.D. (%RSD) N
6C1(42) 131 1.6484 (0.8)
(cont.) 132 0.838 (1.0)

133 1.090 (2.0)

136 1.1641 (5.7)

137 0.381 (5.7)

138 0.938 (3.6)

139 0.374 (2.3)

140 1.119 (1.5)

161 0.789 (4.0)

162 0.948 (0.7)

143 0.632 (0.9)

164 0.913 (4.4)

148 1.163 (8.5)

147 1.186 (2.9)

148 0.962 (1.8)

149 1.822 (1.6) 0.374-1.822  0.927 £ 0.32 (35) 37

150 0.878 (0.9)

151 0.889 (3.7)

152 0.529 (3.2)

153 0.942 (1.9)

154 0.951 (0.8)

158 1.463 (0.6)

156 0.926 (1.5)

157 1.226 (0.7)

158 0.508 (13.6)

159 1.221 (0.7)

160 0.653 (1.6)

161 0.438 (8.5)

163 0.786 (1.7)

164 0.695 (12.2)

165 1.003 (1.4)

166 0.471 (16.3)

167 1.097 (3.6)

168 0.628 (1.0)
C1(24) 170 2.317 (0.9) €

n 1.189 (2.7)

172 1.198 (5.3)

173 0.894 (2.8)

174 1.886 (3.2)

176 0.383 (0.8)

177 1.162 (7.6)

178 1.169 (3.9)

180 1.621 21.6)

1 0.679 (14:7)

182 1.350 nc® 0.383-2.317  1.161 £ 0.40 (34) 21
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Table 2 (continued)

PCB
Eonolg; Isoair
(No.) No. RRF, (%RSD) Range Hean t 5.D. (¥RSD) N°
1C1(24) 183 1.07% (1.4)
(conc.) 184 1.189 (4.4)
185 1.387 (1.2)
186 0.771 (6.0)
187 1.359 (1.1)
188 1.584 (2.5)
190 1.254 (0.6)
19 0.668 (9.6)
192 0.858 (4.4)
193 1.176 (1.5)
8C1(12) 194 1.026 (3.9) ¢
195 2.602 (7.7)
196 1.889 (3.0)
197 0.959 (s.z;
199 0.925 (2.5
209 2400 (o) 0.925-2.602  1.514 ¢ 0.679 (45) 10
201 2.114 (3.1)
202 0.976 (2.7)
204 1.038 (4.2)
203 1.139 (1.2)
9c1(3) 206 1.0 1.9) ¢ - -
207 1.816 (4.3) 1.005-1.806  1.291 £ 0.45 (35) 3
208 1.005 (1.8)
l0c1(1) 209 1.168 (2.7) ¢ . - .

$(No.) = number of theoretical isosers possible.

bInternll standard = 1,2-Dichloronaphthalene.

“laternal standard = 1,2,3,4=Tetrachloronaphthalene.

dlntetnal standard = Octachloronaphthalesne.

X » nunbet'of isomers studied; each isomer was messured in triplicate.

See Ballaschaitter and Zell 1980.

85C = not given.
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{ @ e g e
Ai A'tl.l.

vhere:

" relative response factor for PC3 fgomer 1

r
Aat
{ = samount PCB {somer { {njected

Al = peak srtes
Al.a. = peak srea for internal standard
ti R internal standard amount

The percent relative stendard devistfon for the RRF s vithin s howologous
serias renged from 35 to 1021.2 Thus, for sccurate qulutf!!cn:ion of fndividual
chlorobiphenyl i{somers by (CC)“-ZCD, the appropriste RRF must be employed.

The largest variation is observed vith the Cl, homologous series. As addi-
tionsl chlorine substituents are {ntroduced ofito the biphenyl nucleus, the
linits of detection do not significantly decresse and the vesponse variation
decresses since ring substitution pattern no longer plays s large role in
deternining the magnitude of tespotse. This is not the cass, of course, with
the lover homologous series vhere the ring substitution psttern and number of
chlorine substituents are important determinsnts of ECD response.

An

In a parallel study, the reletive molar response (Rnl.zfor »/3 35) vas
deternined for {ndividusl chlorobiphenyl isomers using (GC)“NICI-MS., The
operating conditions vers previously given in Teble 1. The MR vas calculated

as follows:
A nw Aat

m‘. i x-—!'-__x 1.8,
bio. Wi, =y

vhere:

A‘ = grea of PCB {somer {
A = ares of internal standard
het - molecular waight of PCP {somer i
Hﬂt . " solecular weight of internal standsrd
Ant,‘'’* = gmpowmnt of {aternal standard

A‘t;' = smount of PCH {somer i

The percent relative standard deviation for the RMR s within a homologous
sarias vanged from 33 to 125% (Table 3). This data base is being expanded to
include all svailable isomers, end ao conclusions should be drawvn et this
time. Navarthelase, it {s suticipated that sppropriate IMR factors must be
employed for sccurste quantificacion, . . .

A susmary comperisou of response factors is given in Table & for ECD,
H1C1-MS, and BI-MS (SIM). Ths l{tersture values for RI-MS unfortuoately are
normalized to the lovest respouse within a homologous series. Thus, s compar-
1s0n betwveen homologs 18 not possible (Martelli et al. 1981). On the other
hand, it can be resdily seen that El-MS exhidits the lovest IRSD withia a

n
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Tsble 3. Ralative Molar Responses £u/z 38) for
Indt{vidual PCB Isomers Using (GC)“/NICI-NS
PCR
Honolxg hon!r «
(No.) No. mt (XRSD) Range Mean 2 $.D. (XRSD) X
1€1(3) 1 0.356 (6.8) °
2 0.108 (6.2) 0.091-0.356  0.184 ¢ 0.15 (81) 3
3 0.091 (5.0)
201(12) s 0.57% (10) °
’ 6.223 (11)
9 2.064 (0.6)
0 e 0.576-4.22%  1.662-% 1.23.(74) ¢
12 1.452 (5.0)
14 1.209 (1.3)
15 0.773 (1.0_)
3C1(24) 18 0.30 (12) ¢
21 0.842 (3.1)
22 $.143 (2.6)
26 0.623 (3.1) 0.340~5.143  1.378 £ 1.72 (128) 7
29 0.462 (4.3)
30 1.686 (b.4)
31 0.585 (1.9)
4C1(42) ) 1.240 (6.3) €
47 1.208 (3.0)
4 .0.920 (4.7)
& 1.447 (2.9)
53 0.048 (16)
S4 0.358 (0.%)
(1) 0.779 (5.3)
b T 0.048-2.013  0.971 £ 0.48 (30) 6
6 0.789 (0.6)
69 1.085 (4.6)
10 0.989 (8.4)
72 0.840 (18)
tF} 1.038 (1.7)
17 0.364 (3.9)
sl 0.893 (1.7)
sc1(é6) 88 1.017 (2.0) ¢
87 0.564 (8.0)
9 0.52¢8 (4.6)
101 0.818 (8.0)
106 1.123 (4.8)
2 g-gg; gz-g; 0.465-1.216  0.805 £ 0.27 (33) 12
118 1.216 (1°8)
3
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Tadble 3 (continued)

PCB
Bo.olg; Ilo.,r R
(No.) No. I!I!l'x (XRSD) Range Mesn £ S.D. (XRSD) ¥
5C1(46) 117 0.839 (2.9)
(cont.) 118 0.463 (8.4)
121 0.634 (5.5)
122 0.991 (2.3)
6C1(42) 128 - 1.011 (4.8)
129 0.%01 (8.4)
131 1.286 (4.8)
133 0.5%9 (2.7)
136 0.396 (4.9)
137 8.911 (6.6)
129 0.747 ga.z;
161 1,640 (8. -
167 1.042 (6.8) 0.369-1.440  0.817 £ 0.29 (36) 16
151 1.030 (7.3)
188 0.369 (2.9)
159 0.528 (0.7)
160 ~ 0.738 (2.5)
161 0.719 (2.3)
163 0.688 (4.4)
168 0.738 (3.9)
7C1(26) 170 0.451 (10)
173 0.689 (0.4)
178 0.308 (2.5)
180 0.679 (11)
186 0.708 (7.0)
183 0.75% (16)
186 0.236 (6.9) 0.236-1.192  0.703 £ 0.30 (43) 13
187 1.102 (11)
188 0.503 (5.1)
19 1.192 (3.0)
is2 0.542 (5.0)
193 1.096 (8.0)
8C1(12) 194 0.637 (1.3)
196 0.608 (3.9)
19; :.txs f:.g;
19 .393 (6. .
200 0.486 (6.8) 0.261-1,116  9.573 £ 0.26 (46) ]
201 0.413 (5.3)
202 0.692 (5.9)
204 0.241 (9.1)
9C1(3) 206 0.431 (§.0)
207 0.066 (26) 0.066-0.565  0.384 £ 0.26 (73) 3
208 0.56% (20)
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Table 3 (coutinued)

PCB
Konolgg Isontt
(No.) No. RRFi (XRSD) Range

Mean ¢t S.D. (%RSD)

"G

0ci(1) 209 0.6a18 (7.5) ¢ .

*(No.) = oumber of theoretical isomers possible.
bInteru:l standard = 1,2-Dichloronaphthalene.

“laternal standard = 1,2,3,4-Tetrachloronaphthalene.

dIn:ernal standard = Qctachloronaphthalene.

®N s number of isomers studied; each isomer was measured in triplicate.

!S!l Ballschmitter and Zell 1980.
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Table 4. Comparison of Relutlvo Response Factors Betwcen
(CC)?-BCD, GC-BINS (Molecular lon) and (GC):-NICIMS (_/z 35) for Homologous Serjes of PCBs

o)l oc) -micis® oc-ains®

Bemoleg

Savian loua‘

Wess £8.0. (yas0) Banged fean £ 0.0, (W30) X Basge® Mesa t 6.0, (28D} ¥

1C043)  15.689-99.342 29.385 £ 12.70 (43) 3 0.434-0.247  0.924 2 0.3 (R)) 3 1.000-1.090 1.05030.84 (3.9) 3
10D 0.A23-10.640  4.27) 2 3.83 (90) 2.081-33.199  8.343 £ 6.1) (W) 8 1.000-2.062 1.3 30.30 (1) e
WCI(3L)  6.328-3.1% 3,193 0 8,68 (39) 9 0.30-10.981 2,921 £ 3.64 (223) 3 1.008-1.62) 1.400 2 .34 (AD) ]
@IA2)  o.308-3.220 1,074 8 .41 (30) 31 0.102-4.36)  2.050 8 13.02 (50) 36 1.000-2.046 1849 30.93{N) 1

Ci(48) .Ua-0.M D.266 £ 3.30 (102) 35 0.463-1.216  0.0058 0.3 (3)) 12 1.000-1.013 1.006 8§ 0.01 (0.0) )
RI(AI) .9-1.902 0.97320.938 (35) 37 0.39-0.440  0.517 £ 0.29 (M) 16 1.000-1.321 1.153 ¢ 0.11 (0.6) ?
CH(28)  0.402-2.432 0.230 2 0.409 (34) 21 0.236-1.192  9.703 2 0.30 (L3) 13 - - ]
i1(13)  0.923-2.602 1314 2 0678 (43) 10 0.20-0.106 0.5 £ 0.2¢ (46) & 1.000-1,359 1.179 g 0.25 (22) 2
®i(3) 1.003-1.014 3.990 & 0.43 (38) 3 0.066-0.58% 0.33430.26 (1Y) ] - - L
30C1(1) - 1.168 ) - .48 |} - - °
Oversllt 0.320-39 .31 Overalls 0.066-21.199,
(~12041) (~310:1)
a1l dots. 411 vatues arr relativa te octachloronsphibalvas.
‘lmulll. 2 1., 1981, lum-u vers velative te Jovest response for mach group.
% & aunbor of ICD tocnscs tacluded fa messurement. ( ) = ausber of theosatical fasmers posaible.
026077
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homologous serias when compared to ECD and NICI-MS. Some caution ig needed in
this comparison since the number of chlorobiphenyl isomers used in the study
wvas spall, Thie observation {s consistent with the expactation thst EI-MS
produces the smallest variation of response between chlorobiphenyl {somers.

The extreme RRF values determined with ECD were approximstely 120:1,
This ratio would be ‘ouovha: larger if the calculations vere made snd exprassed
as RMRs (vhich includes X.¥.). Nevertheless, the range of REFs is not a¢
large as reported by other {nvestigators (Hutzinger at el. 1974, Boa and Zgasse
1979, Albro et sl. 1981, Safe et al. 197%), Ue believe thac this {s associated
vith differences betveen instrumental systems, since fn our laboratory we have
detoruined RRFs on three different (GC)-ECD systems (all with the saze capillary
column couditions), two of which are of_ the same make and model. We have
observed significant differences {n RRF values between all systems.

The extrewe RMR, (calculation fncludes M.¥W.) values detemmined with
NICI-MS vere npproxl‘ntely 20:1,

The {mportance of using sppropriate response factors for quantifying
individual chlorobiphenyl {somers cannot be overemphasized.

CHLOROBIPHENYL ISOMERS AND INSTRUMENT CALIBRATION

Primary Standards

The issue of {nstrument calibration for chlorobiphenyl isomer analysis in
environaental, biologicsl, snd process stream samples has been recognised by
{uvestigators. As such, a program for the synthesis of the isomers vas
initiated.

Prisary stendards sts needed for establishing refersuce data (spectral)
banks for NICI-MS, EI-MS, FIIR, etc. for use in qualitative anslysis or for
verification purposes. They gre needed also to establish relative retention
indtces for standardized (CC)° operating conditicus.

The larges scale synthesis of chlorobiphenyl isomers is obviously an
sxpensive proposition, particularly if the supply must accommodats the needs
of many analyticsl laboratories performing isomer quantification in eaviron-
mental, biological and process stresm samples, For this resson, our labors-
tories have been sctively "engaged in devising slternate techniques for
instrument calibration,

Secondary Standsrds

Our objective has been to determine vhether a secondary standerd for
calibrating instruments for quantification could be developed so thac this
secondary standard could be videly distributed smong laboratories iuvolved in
chiorobiphenyl {somer analysis. The initisl availability of the primary
standards (209) s the key to developing s secondary stendard.

Tvo spprosches are currently under {nvestigstion {n our laboratory. Ouns
utilizes th¥-characterizatttn of an Aroclor "cocktail" usfag the primary
standards; the other smploys & "clustering” slgorithm to derive a small subset

kY
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of chlorobiphenyls from the 209 primary stassdards, with s chlorobiphenyl
ssrving as & surrogste for several isomers. Each of these concepts is dis-
cussad here,

Cherscterization of Aroclor Mixtures

Since ample quantitiss of verious commaercial Aroclors sre sveilable for
distribution, the possibility of preparing sn Aroclor "cocktail” wvhich s
thoroughly characterized as to isomer spacistion sand quantity vas undertaken,

an Aroclor 1016/1254/1260 wixture (2,5:2,0:11,0 w/w/v) wes prepsrad.
Table S lists the {somers tencatively i{dentified in this mixture. Character-
izetion has esployed the use of relative retention time dats for primary
staudards end !ntehtng vith those i{n the Aroclor tripsrt mixzture for three
d4ffevent (GC) “~ECD systems and ome (GC)“-NICI-MS gystem. in addt:iin. the
moleculsr fons and mass spectra obtained from (GC)“-NICI-MS and (GC)"-BI-MS
suslysis of the Aroclor tripsrt mixture vers used to estsblish the identity of
the componsnts {n esch of the chromstographic pesks. The peak numbar assign-
ments 1o this table correspond to those given in Figures 9-11.

As fndicated tn Table 5 a majority of the chromatogrephic pesks have been
sssigned chlorobiphenyl {somar {dentities. In some csses the chromatographie
pesks are heterogensous and seversl isomers vere identified. A fev of the
wmore toxic {sowsrs (symmetrical 3,4 and 3,4,5) have been detected {in this
Aroclor sixture. A fov pasks remain ss unknovus; most are misor im quantity.
As additional pure syunthetic chlorobiphenyl f{somers become available, the
rensining vaknovns will be identiffed, 4f poseible. Aroclor 1016, 1221, 1242,
1254, snd 1260 are also being characterized and will be reported elsevhere.

A complete Aroclor "cocktail" charscterization (quelitatively sand quanti-
tetivaly) would ellow {ts use ae a eecondary standard for iastrument calibra-
tion provided that identical high resolution chromatogrsphic counditions are
employed {n simple analysis ase ueed for the Aroclor characterizstion.

Clustered Secondary Standard

Another concept being pursued ia the development of a secondary etandard
vhich contains a smsll eubset of individual chlorobiphenyl iaomers that can be
used to develop inetrument teepouses for all PCBe of interest. The prelis-
inary results of this approsch are discuesed here.

The response factors relative to the 1,2,3,4-tetrachloronsphthalene pesk
(TCN) for esch PCD feomer ware celculated using the expression given earlier.

The calculated responsa factors are listed in Table 6. From the 3$
listed responss factors, s calibration table vas genersted ueing & clustering
slgorithm based on the Student t-tast.

Responss factors were listed in incressing retention time order ol the

correspouding peske., For esch consecutive pair of responss factors the
Student t-tis® vas performedy
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Table 5. PCB Isomers with Retention Time Values Matching Peaks
In Aroclor 1016/1254/1260 Mixture
mh Pesk
¥o.! Chemical . Ne, Cheajcal
0 2 (1] 2,2',3,2' 4
1 6 2.21,3,3,8 6
2 2,6 AM03 M0 ST 2,2°.,0.4,8' 6
3 1,2-Dichlocosaphthaless (i.s.) S8 2,2',3,47,3,6 A/0 3,3° 4,47, A/O
[ X 2,2°,3,3'.5,3° A7 2,2°,3,6° 8% 6
S A/0 2,2° 1 'e8'.6'
¢ s 2,2' 3,3, A/o 1,24,3,4,4' 8
? 2.3 A/ La
60 2,2' 3.3, ’o 1',3,4,5,8°
’ . 61 2,3,3°.4,
10 2,2'.3 A0 3,8 62 2.2°,3,44° AIO 2,3.5.4".8
11 (1] 3,3',6,47,
12 6 z.z.:.- ,s '
: g
18 4,8 13
}, 2,2°,8,6' :: g.:.!;.:.:' Q/o 2,3, ,4,8' 6
* $
1 2,38 0 T
;: 2,2°,3,6 ;; 2,2',3,4,4",8 470 2,3,3",4",3" 6
13 2.4',8 13 2,24,3,3',4,8
2 ltl,l 74 2027,3,4,4%,3 A/0 2,3,3',4.5,6
:z 1',0,4 " 0 2,3,3",4',5,6
3 2.4,8 A/0 2,2',3,8 76 2,3,9 ,4,4' 6
2¢ 3.3',4,5° A/0 2,2°,4,8 n”
Y 3,2',3,%' A0 2,3,8,6 b} 3,2 .3,3 .6 4 A0 2.2‘,3 4',8,3',8
a8 2,2',4,4' 4/0 2,3,4,8 .3:‘ .8
29 " zzasaa. uo:zJ‘JHrJ
30 2,6,4",6 4/0 2,2' 3,4 0 2,2',3,3',4,5,8°
in 38 1.3'.3.3'.!,5',6."
b1 1,2' 3,8 ” 2,2',9,3',4%,8,
33 [} ] 2,2',3,4,4 .s 0 A/0 2,2',3,%',4,8,6
3% % 2,0,3',4,5,8 A0 2, 2’93 08088
L] 1,2,3,4-Toetrechloceasphtinlene (L.9.) A/O 1.1' 3,3 ,4,4%.6
i 88 2,2°,3,4,4',5,6.6' A/0 2,3° 4,4 ,8,8°
b )} 2,2',3,5,6 A/0 2,9 ,8,8' % 2,2',3,3,4,5,6,6'
» 2,3 .3 ,6 [ )]
» ]
0 19 2,2 .J 4 lo'.! $' A/0 2,3,3',4°,8,3" 8
(13 2,3°,4',8 A0 2,3, 4 990 3,3, "X 3.8
62 7l 3,2°,3,3 4,48
[1] [ 1] 2,2,3,%,4,5,5' 6
[YY ” 3,3,3°,4,4' 3,6
8 3,4,4,8 /0 2,2',4,4' 6,6 A0 M 2,2°,3,3°,4,4" 8,6
2,2°,3,3,8' 99
% 1,2',3,4° 6,0 9% 3,3°,4,4' 5,8
(%) l.l'.).l‘.‘ [ " 2,23',3,3',4,4',8,6
:l’ 2,2',6.9,8' 4/0 2,2°,3.4,4,6' [}
”
;: :.!.3 .i 4 40 3,3°,5,4,8 ioo 2,2',3,3,4,4' 8,8
. ()}
52 22%3,4,8 102 2,2'.3,3',4,8°,5,5°,6
[1] 3,3,4',35,6 103 o:uelhnuphmluo (i.8.)

$See Figures 9-11 for peak no. assignments.

A/O @ and/or.
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Table 6. Relative Response Factors for PCB lsomers

Peak No.* PCB Isomer RES o o
10 2,2',5 0/ 2,4,6 .61 186 6
11 2,20 6.6 7.69 071 3
18 212,85 2,87 0.92 3
23 2',3,6 2,200 0.09 3
264 2,3,4 R 0.76 0.03 3
25 2.2',5,5" a/o 2,48 3.6 0.6 6
27 2,2',3,5° e/ 2,2'3'S 2.98 0.26 3
30 2,6,4',6 a/0 2,2',4 230  0.51 &
z; 2,2',3,5,6 a/o 2,3',5,5" 2.61 0.17 3

2,388 213 040 6

47 2,2003,3",6,6' s.30 1.57 3
48 2,2114.8,8' 2,85 0.21 3
o SR
Ny 2.22 . 3

R A

1] 124 v . .

61 2.3,3'.4,5 1.2 0.4l 3
6 2,30 ,4.6°,8 232 022 3
64 2.2'.3.4,4',6,6' 213 050 3
68 2,30 404" 1.26 0.40 3
9 2,2'1314,5,5' a/o 2,2',4,4',5,5',6 1.7 020 6
14 2,2'.3° 4,4, 226 0.09 3
78 2.2'.3,304,4', a/0 2,2',3,4',8,5',6 1.66 015 3
0 a2 e gatse ple B2t 201 ot 3
82 2,2'.3,3.60 5.6 208 1.13 3
8 2,2013.3'.4,5'.6,6' 3.51 0.35 3
85 2,2'.3.4,4'.5,6,6' 1.29  0.07 3
86 2,2'13,3% 6,47 ,6,6' af0 2,2',3,3',6,5,6,6' 1.3 0.3 3
% A bt ns, ofe 1.3,30,47,3,5, 13 033 3
93 2,2°,3,30 ,4,5"6 0.3 0.13 3
96 2,2',3,3".4.5,8',6,6' 1,27 0.39 9
98 2,2'.,3.3',6.6°,8.6.6 447 1.00 3
100 2,273,344 5.8 1,27 018 3

:Puk aumber as ia FPigure 9-11.
cm = relati{ve respouse factor.
. ‘s « gtandard devistion.

a = gample size.
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-1

t = (n!1 - RR’t*l) . 8, (l/n1 +1/n -1/2

so1)

vhere t {s the Student t value; RRF, and RRYF vera response factors for
sequantial pesks; ¥ {s pooled s:nndjrd dcvtl!lsn. and o, and LYIY are aumber
of runs, Pooled standard deviation was calculeted as: {
. 2 - 1) 2 -
:. (0, = 1) oy ¢ (n,, N 2 O

-2

° 141

I

share s and 4,,1 vars standard devisction of RRPt and "’191' raspectively,

If ctha,calculated ¢t vas lower than t., (taken from Student t tables) for
ETRRE PPN ® degreea of freedoa aud a = 05%s, the two rsspongs faccors vere
cipluc&i oy & coummon mesn (BRF, ).

b

CRRP, ¢ ' RRP

i+l i+l
+a

i
n

o
wmry o —t

{ 1+1

'j o ¥x

a, *n

i 1+1

vhere lj 1s the stendard devistion for ll!}.
After sll peirs were tasted, ths clustering procedure vas repeated

to generate & second calibratfon table. This procedure vas continued until

resconse {actors vere scatistically different from the cwo neeresc values,

The clustered lisc of response factors is presented in Table 7.

Chromatographic pegks thau are tdentified as PCD isomers by matching
ratyntion time with en Aroclor cslibration sixture.

Semple components with recention times matching pesks {n the Aroclor
standard sixture were ideuntified as PCBs in the samples. Each matched pesk
vas calculated ass

A
 §
rcni - ll!‘ x A-tls = ‘xs

1f the PCB pesk does not correspond to a calibrated peak, the response factor
of the nearest calibrated peek vas used. The "total PCB valua" for the sample
than ves- given by:

PCBe !Cli

3}
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Table 7. Clustared List of
Relative Response Factors

Peak No. RRF s a
10 3.61 1.84 6
11 71.69 0.71 3

18-23 2,54 0.45 6
. 26 0.76 0.03 3
25-27 3.60 0.55 9
30-41 2.29 0.39 15
47-48 4.08 1.00 ]
S2 1.81 013 3
53 2.22 0.16 3
58 6.36 0.59 3
59 2.31 0.14 3
61 1.24 0.41 3
63-64 2.3 0.35 §
68-69 1.39 0.28 9
14-82 1.79 0.42 21
84 3.5 0.35 3
85-90 1.9 0.38 15
93 0.34 0.13 3
9 1.27 0.39 9
98 4.47 1.00 3
100 1.27 0.18 3
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An example of the use of thig concept has been applied to qu!ntifyinl the
total PCB veight for an Aroclor 1016/1254/1260 mizture using (CC) “~ECD:

Observed veight: 562
Actusl veight (gravizetrically detarmined): $50

Error = 562-5350 x 100 = 2,2%
550

By expanding the "clustering” slgorithm snalysis of responses to {nclude all
the sveilable chlorobiphenyl {somers, a surrogate compasition coataining s
saall oumber of {somers (20-407) will be defined. Thus, only this set of
chlorobiphenyl {somers needs to be synthesized on a large scale.

APPLICATION OF STATE-OF-THE-ART METHODS TO PCB ANALYSIS IN ENVIRONMENTAL Aﬁb
BIOLOGICAL MATRICES

Hith thesa recent parallel developments lgboratorias have degun to
characterizs snd quantify chlorobiphsnyl {somers in enviroamental, bdiologicsl,
and process streas saaples. Examples of the combined state-of-the-art
technology descrided sbove sre discussed here,

The benefit of (GC)’ over conventional packed columm gas chromatography
for analysis of sera snd adipose {s exemplified by Figures 14 snd 15, respec-~
tively, Figure 14 depicts the profile for s humsn serum sample extract
chromstographed on a packed column (top) aud capillary (bottom). ,Improved
resolution snd hence detter signal to moise {s resliszed wich (GC)“, Figure 1§
shovs that the lov resolution profile bn! sany hidden isomers in its chromato-
graphic pesks vhich are revealed by (GC)°. )

Identification of specific chlorobiphenyl {somers in human tissues may be
important for two reasous: for sssessment of long-term persistence snd for
evsluation of potentisl health effects ses suggested by toxicological studies
on individual isomsrs. Recently, the disposition of PCB tsomers in occcups-
tionally exposed persons has bean raported (Wolff et al, 1982), The couscantra-
tions of PCBe {n adipose and plasma vere related to durstion snd intensity of
exposure in the workplace. It vee reported that PCB levels in sdipose tissue
vere proportional to those in plasms (total PCB ratio of 190:1)., The distribu-
tion of specific chlorobiphenyl {somers between plaswms and adipose tissue vas
reported, hovever, to bs related to specific ring position sudbstitutionm,
differing among isowers.

Similar observations have been reported is our laborstory., For these
reasons, and because of & limitad number of fsomers and suboptinmsl enslytical
condicions 1in the recent atudy, research vas undertaken to charscterize the
dndividusl isomers in sers and adipose of occupationally exposed fndividuals
using state-of-the-art techaiques., Using a!proxiuaccly 165 prizary reference
standards (individugl PCB fsomers) and (GC)“-NICI-MS (RRT aud moleculsr ions)
the {somers vere tentstively fdentified (Tables 8 and 9). Also the detected
and identtfied peuks vers Truferenced ageinst an Arcclor 1016/1254/1260
stondard sixturs,
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ECD response

!

-

0 2.0 40 6,0 8.0 10.0 12,0 14,0 16.0 18,0
Time (min)

10 20 30 40 S0 60 70 & 90 100
Tise (min)

Tigure 14, Chromatograms of human serum sample.
Top - packed colusn, bottom - capillary.
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ZCD response

W,

0 2.0 4.0 6.0 8.C 10.0 12.0 14.0 16.0
Time (win)

| 10 20 30 40 30 60 70 80 90 100
Tine (ain)

Figure 15. Chromatograms of human adipose tissue.
Top - packed colusmn, bottom = capillary.
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Table 8. Individual PCB Isomers Tentatively ldentified in Human Sorum

1,2-Dich orvasphthslsns 1,3,3,4-Tetrachlorsasphthalone Octachlorsnaphthslene Covitepending
Avoclerx
- (1} Hean RAT (XNSD) Chisrinnted Chemical Pesk Mo,
Meen MAT (YASD) Nesa BRT (3A3D) (1nsD) N
1.0% (9) o Q) zo . 6.200 (0.29) 1,2-Bichlerenaphtbalens )
2.°% {0.02) . o.m (o,m 1,2,3,4-Tetrachloronsphtholens »
$.077 (0.2¢0) l l“ (0.903) 1.000 Octochlorensphthalens 103
3.449 (9.31) 1.8% (0.20) 0.409 (o 12) 2,3',5,5' A/0 2,2'.3,3 6 »
2.742 (0.19) mnm 0.552 (0.11) aa&u'm::ucs 8
2.047 (0.18) 1.308 (0) 0.560 (9) 2,3,3' 4,6 sl
2 3 9.21) 1.001 (0.93) 8.301 (9) 2,2°,3,4,8° s2
882 {9.20) 1.219 (0.13) 0.975 (0) [
a .9 (0.11) 1.2 () 0.588 (0) 1 sS4
3.00) (0.1$) 1.270 (0.99) 0.599 (0.10) 2,2',3,3,5 ¢ 73
3.082 (9.20) 1.504 (0.84) 0.613 (0) 2,24,3,4°,5,6 4/0 3,3 4,4 s
a0 z,z'.n.t,s 5 a0
2,2°,5,3°,5,8' 2/0 3,2',3,4 8,6
3.101 (0.29) 1.346 (0.04) 0.638 (0) 2.20,0030 0060 4/0 23,43, P
3.29% {0.24) 1.9 (0.08) 0.63) (0.09) 2,37,6,40 % A/0 24,3, (3]
$.95) (0.19) 1.419 (0.04) 0.449 (9) z.sxs'.s.l'. MO 2,337 4,56 "
3.405 (0.23) 1.44) (9) 0.600 (0.09 2,3%,3,4,5,9 (1]
3.44)3 (0.23 1.547 (0.97) 0.682 (0.00 1. 10
3.46) (0. W) 1.466 (0. 0.691 (0.08) 2,2°,3,4,4°,5 470 2,3,3" 41,37 ¢ n
3.45¢ (0.20) 1.424 (0.84) 9.695 (9) 2,235,348 n
3.461 (0.22) 1.480 (9.04) 0.699 (o) :.:'.:.t.l'.sl 4/0 2,3, ,4,5,6 1
. 470 2,3, ,4° 8,6
3.34) (9.34) 1.499 (0.08) 0.707 () 3,3,90.4,80,6 T3
3.600 (0.20) 1.52) (0.84) 0.718 (8) 2,2 535:;=4;s; ‘alg 2,2, 3,483,854 3
470 2,2° 3,8,4¢
3.65) (0.22) 1.547 (0.04) 0.138 (0) a.:;.sitig,s'is :I: 2,2,9,4,4',8' 6 19,80
A/0 .Y,
3.708 (0.33) 1.968 (9.04) 0.760 (0.80) 2.2°,0,30,4%,5,4 4 ”
3.26) (0.1)) 1.591 (9.84) 0.751 (0.08) 2,34,3,4,4%,8,6 4/0 2,2',3,%° 4,5, 3]
9.82% (0.22) 1.619 (0.08) 0.764 (0.08) 21,2044 05.6,60 470 2235, 0048 8,5 't
3.916 (0.20) 1.637 (0.08) 0.782 (9) ] "
4.01) (9.19) 1.699 (0.00) 5.000 (8) 2,2°,3,6,4°,8,5' 4/0 2,0,8° t'.s 8.6 1)
4.109 (0.20) 1.739 (0.93) 0.020 (0) 2,39,3,3°,4,4°,8 "
4,001 (9.21) 1.943 (0.03) 0.916 (9) 212003044, '8 100

*aroclor 1016/1254/1260 mixture, see Figures 9-11.
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Table 9.

in Human Adipose Tissue

Individual PC3 lsowers Tentatively Identified

1,3-0retloranspaidaione 1.0.3. 4 tetroed) (7] Carvenpendiog
had Aretine N
LY G leariasted Chemited LR N
1.000 (0) 019 (9.10) ' x n-cun..-munu )
1.537 (0.00) 9.41) (0.13) $,2,3,0+Tetroratoconsphiialons n
4986 (.12} 1.000 {9) kuﬁhuu‘wlm 1
0.093 0000 .17 (81 ' -
N 4.388 (9.\9) ' .
B (3.1 1 .
1. 0.39 (9.16) A .
1. .9 (0.9 39,8 1"
1. e (020 £.4.3 a9 3.2°.3.8 1Y
1. 0.4 (9) 1.3°5.3° M0 3,27 008 »
1. .30 (9 ] "
1 Nt 9 03,340 W0 1,370 u
1. 322 {0 1 ]
1B .83 (0.11) 1 [} ]
LB .30 (9.0 8 3 o
1. o088 ll’ 1.3 .) 4,44 L]
3. Lol . .3‘.)00".8’,} 5 »
1. B R n
I8 W23 0 2
1. g -
] ’ »
3 2.3'.9.0,8°.8 “
3 5,3 3.8' 3.8 0 5.3, 4,4 &9 "
dadie ver, sy
o * in's Wh,8,8° -
]
[
o0 1,5,9 4.9 .4 -
Y "
»
D9 2,8,00,40 8,8 n
. a0 3,0,0°,4,5,4 "
PRt
1 n
2,034,048 3‘
] l.:;‘)il;.l.l‘.l Iﬁ I.I‘J.!'.l.(' ”
3.043 (0.20) 1.540 (0.00) a.1% .0} 2.9 n.»
1.47) (0.0} 458 10.00) 4.7% (0.001 [ 1]
) 48 (0.08) . 180 (0) “
39 (0.0) .1 (0) ;]
.M (0.08) 14 (9) »
48 () .10 (#) ) .
M2 (8 ' (Kll "
. M9 (8} L]
001 (9 "
000 10} "
018 ) ”
-63) {9 9
.048 {0.6T) "
[ "
. ”"
L08 (0.97) "
(B Ml (0 th ] 8! (0.‘) .. 'l. (" ::
.

——

8, roclor 1016/1254/1260 mixture, sea Figures 9-11.
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Table 10 provides a composite listing of PCB iscmers tentatively ideati-
fied in 4 sera and & sdipose of this population under study, The:presence of
the symmetrical 3,4,5 and 3,4 fsomers vas teatatively established. These two
{somers are presumably smongst the sost toxic of the PCB isomers, The quancifi-
cation of the {ndividual isomsrs i{n this sat of sbout 100 individuals wilt bde
reported elaevhere.

These state-of-the-art techniques are currently being applied to the
snalysis of samples of rain, surfaca vater, sediment, fish, human mocther's
uilk, maternal cord dlood, etc. (Mullin 1961). Pigures 16-21 depict examples
of profi{les obtained for specific cases cited.

Tinally, an area of cousidersble activity involves the development of
computerized dats snalysis systems. With the use of !utonntnd GCs, a con-
sidersble amount of dats is generatsd when using (GC)°, Computerizstion {s
being dons not only to facilitate calculations of PCB isomer end total PCB
levels in sanmples, but ia slso being developed to assist in gnsvering com-
parative questions sbout samples (Staliing et al. 1982). Questious relating
to biotransformstion, distridbution and fate through an ecosysten aud sources
tequire sophisticated pattern recognition techniques for comparing end relst-
{og PCB information between euvironnentsl sund biological samples (Stalling at
sl. 1982).

SMMARY

Significant studies have been performed during the pest 3-4 years in
developing: (a) high resolution GC capillaries tailor-made for PCB snalysis;
(b) uitra-sensitive electron capture detectors cospatible with capillery
coluam flov ratee; (¢) sn expanded linear dyuamic range of operation for the
ECD; (d) the operating conditions for NICI-MS necessary to msasure and
characterize PChs in environmental and biological samples; and (a) the devel-
opuent of primary sud secondary PCB stendards for calibration of imstruments-
tion. The research in the latter ares contioues as more vork needs to be
done. Investigators are just beginning to teep the fruits of their labor by
applying this sdvanced snelytical mechodology to resl vorld probless.
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Table 10. Tentatively Identified PCB [somers Detected in Four
“Human Sera and Four Adipose Samples by (GC1?/ECD and (GC)?/NICI-MS/DS

Corcevponding
Aroclor
D leemac Pesk §o.*
12
2.3;.0." A/0 3,¥ -
1 ‘ ”
2,4,8 470 2,238 2
2,6,6",6 A70 2,2' 3,4 30
2,1,3,5,6 A/0 2,3°,5,8' Y
»
®
2,3',6',3 A/0 2,3,3" 4 2
- (N ]
2.2',3,3,6,8 [}
2,37,4,9,8' A0 2,27,3,4,4,6' o
;.3.;:'2-: AO.2,2°,3,6,3 ﬁ
118908 32
3,2',,5,8° 6 6
atz'l‘l“',v" ) -
2,2,9,4',5,6 AZ0 3,37 4,47, A/0 2,2°,3,8',5,5"' E7 ]
4/0 3.3.‘.3..".3'.0 A/0 2,2°,3,4,5,8
2.2',3,3',4,6 470 2,2°,3,4,4',6 A/0 2,2',3,4,8,6 5®
PR we T :
230,000 8 6
3,3,3',4,4' A0 3,3,0°,4,9° 6 L]
2,2',3,4,8,8 ::
2,2°,3,4,4°,8 4/0 2,3,8",4',5° 6 n
1,2' 3,3 ,4,8 13
2,2°,3,4,4',5" A/0 2,3,3",4,3,6 A/0 2,3,3',4" 8,6 ) ;;
2,5,8,4,4' ¢4 16
2,2°,3,9',4,4° 40 2,2°,9,4',5,5°,6 A/0 2,2',9,4,47,59,6° A | ]
2,2',3,4,8,8°,6 A/0 3,2°,3,4,47,8',6 A/0 3,2°,3,3",4,3,6' 19,80
2,2',9,3',5,8" 6.6 n
23,3',3,9',4° 8,6 [+
2,2',3,4,6' 5,4 &/0 ,’,"""""" [ %)
2,2°,3,4,4°,8,6,6° A0 2,9°,4,4°,3,8° 1 1]
: "
2.2°,9,4,4°,8,8° A/0 2,9,3' 4" ,85,8' ¢ 1)
1,1',3,% 4,68 1
2,2',9,3,4,5,8' & 2
1.3,3°,4,4' 3,8 9
1,3',3,3 ,4,4' 3,6 ;:
3.3'.,4,4' 8,8 ”
3,2'.3,9',4,4° 3,6 ”
2,2,.3,0,4,44.8,8" 100
2,3°,9,3°,4,4°,8,5' ¢ 102
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Figure 16. Chromatogram of precipitation sample showing PCBs and PCTs.
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Saginav River: packed coluan g
i
[~
E
3
[
3
\|
1 3
34
Time, uin
Saginav River: glass capillary column -
2
Ll 1z
1 K
P
S
-1
L 1 1 !
100 70 3o INJ
Time, win

Pigure 17, Chroutblrm of surface vatar sampls.
Top = packed column, dottom - capillary,
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Seginav Bay sedimenct
Packed colummn

Detector response

1 Il

1 Time, uin ™

Saginav Bay sediment

Class capillary columsm ‘ 4

t

g -

‘ 2

e

Q

“

L

-

-1
| 1 1 1
100 70 30 INJ

Time, min

Pigure 18. Chromatograns of sediment saaple.
Top = packed column, bottom - capillary.
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Pearca flavescens u i
(yellov perch) "

Time, @in

Perca flavescans
(yellow parch)

t

1 1
100 10
Time, uin

Figure 19. Chromatograms of fish sample.
Top - packed column, bottom - capillary.
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Packed column ;
e
s
]
o
o
g
2
. 1
3 INJ
Time, uin r
Glass capillary ; g
:
‘ 8
s
9
| } ¢
‘ 4
L = | 1 i
100 70 30 1IN

Tize, uin

Figure 20...Chrcaatogram of human mother's milk.
Top - packed column, bottom - capillary.
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1

Figure 21. Chromsatograms of blood sample. Top - maternal,
Bottom - cord (Matched pair).
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DISCUSSION SUMMARY

Mary §, Wolff

Environmental Sélnnct Laboratory
Mount Sinai School of Medicine
Nev York, NY 10029

The paper by Dr. Psllizeart described the recent sdvences in fnstrumentsl
J2ssursment techniques for PCBs, vhich allov tdencification of iundividual PCB
isomers at lov levels of detection. The discussion perfod centsred on the
feasidility snd desirsdility of using such techaiques in routine laborstory
Analysis of euviroomantal samples. The relevanca-of {somar specificity to
current concepts of diological asctivity of PCEs vas thought to be of poteatial
significance. The utilizstion of high resolution gss chromatography (BRGC)
vas stressed as a poverful tool in elucidstion of structure activity relstion-
ships. In sddicion, the matter of method validation was discussed, with
reference to the importance of comparing dats from various laboratories for
PC3s in euvironsentsl ssmples. The curxently developing srea of chemometrice,
and {ts application to pattern recognition of ICls in suvironmental samples
vas identified ss an importent nev contribution to the field,

Ths advantages of ERGC {u PCB gnalysis {nclude the specificity gna
sensitivity of the method. Specificity fe schieved by resolution, which
sllovs differentistion of PCBs from {uterferents such as pesticide residues.
These enalyses may be conducted routinely ueing electrom capture detection
(3C), Yut additional specificity msy de intzoduced by using vari{ous mass
spectrometric detection techniques.

In psrticular, HRGC ves perceived to bs & significsnt improvement ovar
peacked column GC (LRGC) for determination of lower chlorinsted biphenyls
(L?PCB). It vee emphasized that the electron capture response for LPCBs,
depending both on degree of substitution and on orientation of substitution,
could vary seversl orders of magnitude. In general, the LPCBs have & much
lover response than the higher chlorinated PCB congeners (HPCB), so that lack
of sensitivity may cause them to be overlookad. Oune invascigator was skepcical
of LPCB qnalysis using ERCC - IC. PFurther, the psttern of LPCB {n environ-
mental samples may mot be racoguizsble in comparison with the usual Arocclor
standsrds. Whereas KPCB, using either LRGC or HRGC, can generally be matched
epproxfastely to an Aroclor standard, the LPCBs sre often so extensively
degraded that visual pattern recognition is tmpossible.

The utility of ERGC in toutine snalysis vas suggestsd to be feasible in
the fwmadiata future by ues of short columms snd sutosaspling davicas. The
uss of NRGC ss an ancillary tool for qualitative fdentificetion of PCB con-
geners, vith subeequent extrspolstion to lsrger mumbers of semples snalyzed dy
LRGC, was vrged by several participants. Although the relisbility of this
approach vas objected to by some of tha discusssnts, ite practicability ves
thought to have some bssis in the pest literaturs. Im eeversl past studies,
identification of individusl PCB congeners in buman or snimsl tissues vas
reported. Some iavestigstors ueed ERGC s sn adjunct to LRGC sualyses, vhile
1o other cases ute of efficiéfit packed columns, often {n combination with
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specific semple preparetion techniques, alloved identification of {ndividuel
compounents, For example, non-ortho, mono-, and di- orthochloro substitutad
PCBs bsve been reported to ba separable by column chromsatography oa charcoal.

The sansitivity of HRGC wse reported to be {n the range of 0,1-100 pg
depending on the particular PCB isomer and on the method of dataction. VUsing
wass spectrometry as the detection method (MS), greatar sensitivity can be
schieved using singla fon sonitoring than using full scan. The imporcance of
coordingting preparstive methodology with instrumentsl methodology ves
scressed. It vee pointed out that the achievement of low limits of detectione
requires validation of clesn-up mathodology ss vell as instrumental dataection.
That {s, {nstrumeatal detection of 1 pg suac be combined with a sample
clean-up method that permits recovery of thsat amount of materisl {n order to
specify a linit of datection of 1 pg for snalysis of sctual biological samples.

The aspplication of HRGC to idantificetion aud quantitstion of PCB derived
degradatfon products, especially in tha presence of PCBs, ves discusesed
briefly. In parcicular, the use of LRGC to identify PCDFs {n PCH mixtures ves
sentioned. Seversl such repotts exist in the recent litarsturs. The validity
of electron capture with either LRGC or HRGC to identify PCDFs or PCDDs {u the
presence of PCBs vas questioned. Dr, Stslling pointed out that in analysis
of soot from s transforser five, the presence of large amounts of chlorinated
biphenylenes had pravented meaningful determinetion of PCDFe by EC detection.
Recent papers have raported the syuthesis of e sumber of PCDF isomers ss
standerds, as wvell a9 identification aud quentitetion of these compounds in
enviroumentsl ssmples using HRGC in cowbination with MS detection, following e
bighly specific clesn-up procedure., Sensitivities were in the same range ss
for PCH {eomers.

Or. Stalling slso mentioned on-going resesrch into s nev detection
systen for PCBe, vhich employs s hglogen specific helium plasms detector,
vhich say permit differentietion of bromfosted end chlorinated biphenyls, for

example,

The major prodless sad disadvantages for widespread spplication of HRGC
to PCB anslysis vers discussed. The most common dravbacks msationed were the
cost end time of snalyeis, especially in the use of MS ss the mathod of
detection, for routine snalysis of PCBa. Investigators involved in epidemio-
logic investigations were doubtful of the practicality of HRGC analysis of
large numbers of semples,

The lack of standards, available to sll investigators, {s s current
problem, Altheugh seversl leboratories have eyntheeized s large number of
individual PC3 congeners, the availability through commarcisl sources 1s
limited, Ths uniformity of purity of stendsrds is sleo tmportant. Even vith
Aroclors or other commercisl PCB mixtures, ths PCB content of fndividusel
conganere may vary from batch to batch., That seversl major discrepsncies
existed 4n racent reports of {ndividual PCB congeners ian Aroclors or {a
biological samples vas pointed out., PCB congeners reportad from at lesst four
different laborvatories vere different even for commercial PCB mixtures (e.g§.

. Atoclors) vir*in the cast fev years, end {t vas strongly suggested that this
goint be clarified. The possidility of qusntitation using proportions of
{odividual PCB congeners in Aroclors (slong the lines of the method of Webb
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and MeCall a8 used for LRGC) has become a possibility with the publication of
such data {n the past fav years.

The oecassity of conducting interlsboratory studies wvas stresssd, as part
of tha quality control and method velidation of sample analysis, vhatever tha
nethod of PCB {dentification and quantitation. In particular, as praviously
mentioned, the importsnce of introducing such programs {nto analytic method-
ologies now developing for HRGC analysis, was scrougly esphasized. Quality
conetrol should apply to clean-up procedures, to quantitation procedures, and
to method validation.

The lack of homogeneity of PCS enalytic procedures reported in the
l1icerature vas suggested by results of interlsboratory studies at CDC, vhere
quantitation was achieved using LRGC. Dr. Larry Needham reportad that one
interlaboratory study involvad snalysis by various laboratories, using any
nethod of their choice, of blood serum from cattle fad PCBq. Tha results, as
described by Dr. Needham, reseabled s random sssortment of numbers. When the
laboratories ware later asked to use a salected mathod, the results wera much
{mproved, but still bad considerable varisuce.

Dr. Sussn Sounchick (Veresr, Inc.) teported thst twanty ladoratories had
tecently participated {n suslysis of PCBe in oil matrices using LRCC. Accord-
ing to Dr. Soachick, several standardized cleen-up procedures verse specified
for dtt!;tcnt oils. Tha results should be available for evaluation within s
fev months.

Dr. Carl Manger (Bsltimore Cas snd Rlectric Co.)‘ropottod that the ASTM
vould soon publish g method for snslysis of Aroclor mixtures in oil (1983 ASTM
part 40), which vas slgeo evaluated in sn interlsborstory study.

In terms of vecent sdvances, little progress was thought to have been
wadé in validetion end standardizstion of clesun-up methods for biological
materisls. Ivo papers by Albro fn che past three years havs ewphasised tha.
vids variability incorporsted into ssmple preparstion procedure from methods
of extraction snd clean-up (scid vesh, colusn chromatography, HPLC). Implicic
in such variabflicy {s the importent factor of differentisl extraction and
recovery of different PCB isomers. The critical importsnce of excraction
efftciency of different techniques was slso pointed out in & receut publica-
tion, vhere levels of 20-3000 ppdb of PCDDs snd PCDYs ware observed in identical
fly-ash ssaples using seven different extraction methods. The validity of
quality control sethods which employ fortified tissue samples for rvecovery
deterainstions has also deen questioned by Albro, who has compsred samples
fortified with chemical 1n different solvents to samples heving endogenous Cl4
« labelled chemical. The importance of relisdility versus recovery efficiency
has also been mentioned dy Aldro. The use of sutomsted gel permestion chroms-
tography for removel of 1ipid has bess used by seversl laboratorias, sad is
advantageous because it can bde sutomated, rvecoveries sre quantitstive, and
11p4d 49 well separated from PCB residues. HNovever, it was pointed out that
the ralisb{lity of this sethod, ia one report, ves poorer than another videly
used technique (scetonitrile-haxens partition), although the latter had
slightly lover sverage recoveries.
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Tt vas emphssized that in addition to the varianca introduced by ssmple
preparation techniques, the reliability of PCB quantitetion has bean reported
to be no better than & factor of three to ten, 0 that the combination of euch
varisncas must inevitably lead to vide {nterlaboratery varisnce, as under-
scored by Dr. Needham's remarks.

The question of reliability was raised vith reference to enforcement
techaology, vhere levels of 50 ppm in cartain oils are subject to comtrol.
The snslytic variance, as vell as the sensitivity, of & gi{ven preparative and
inscrumental technique are faccors to be considered {n secting raslistic
control guideliunes,

The toxicological significance of {dencifying individual PCB congeuers in
enviroumental ssmples vas discussed. [an viev of the findings presentad in
other sesefons of the symposium, many of vhich have slse beean reported ium the
1{terature, the coussusus recognized the importance of PC3 isomer types. The
wessurament of PCBs {o human blooed for example, has been performed om the
premise that incensity of exposure, as reflected im concentration of total
PCBe, would be related to toxic effects. Thus, vith vary few exceptions, PCB
residues {n human tissues have been reported ss a total concentration, or the
sum, of several LRGC pesks. Although in & fev studies, ifodividual PC3
congeners have bean fdentified, populatiom base studies f{uvarisbly have
raported & total number, on vhich biologicsl correlates bave been based, In
saveral cases, not even the type of Aroclor used to estimete PCBs has besn
specified in such studies. [t was pointed out that such discrepancies, aloug
vich the methodological fnsufficiencies also mentioned, cast doubt ou the
couparability of such studies, in terms of PCP exposure or ia terms of bio~
logical correlates. Clearly, even the LRCC techuiques currently {n use
require standardization to provide some consistency smong different studies,
both for quantitation sad for designation of the kind of PCB exposure.
Although the state~of-the-srt of PCD analysis would dictste use of HRGC, vith
subsequent biologicel correlation with {ndividusl 1somers, the sdvocates of
this methodology wers coneistently reminded of the rapidity snd large volime
of samples which must be dealt with i{n many studies. Ths spplication of
pattsrn recognition to BRGC analysis was recommended,. and it vas further
discussed vhether this computer method would be applicable to LRCC, The use
of HRGC to complement large numbers of LRGC was slso recomended. Although
presently limiced for the quantitative evalustion of lazge numbers of samplas,
HRGC was urged as sn ares of further development for routine usage {n combina-
tion with pattern racogaiticn tachniques. It vas suggested to be a potential
assat in identifying PCB congener subsets for uss in predicting relstive
toxicity. .

One major shortcoming of LRGC, in estimation of PCBs, vas said to de ite
feilure to detect or to vecognise lover chlorinated congenere. Usually, sn
tnslyst sttempts to match 8 sample with an Aroclor mixture, vhich is then used
for quentitation, Both the lack of detection (low detector rasponse) and tha
purported underestimste of concentration (use of standards unsuited to less
chlorinated isomers) wers cited gs contributory factors. Bovever, two racent
papers, ons vith bumans and one with enimals, reported comparsble LRGC eud
URCC values. The use of a method such se the commonly cited Webd and McCall
automatically incorporates a cowpeusstory factor for lower responss of LXCDs.
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Neverctheless, ths sdvencages of HRGC analysis for LPCB vers impressive,
shoving greater sensitivity and discrimination of interferents.

The developing chemometrie theory and its application to PCB pattern
recognition wvas summarized briefly by Dr. Stalling. Ia collaboration wvith
specialiscs in this field, his group has spplied & statistical method (prin-
cipal component analysis) to 69 PCB congeners {n HRGC analyses of epproxi-
sacaly [,000 environmental samples. The results are presented in sn eigen
vector format, or principal component projection, vhich allovs ths analyst to
deterzine the behavior of {ndividusl PCB components within a similer type or
claes of sanples, Some of his findings will be presented in a series of
papers st the forthcoming American Chemicsl Society meeting in Kanses City.

The applicability of various methode of analysis to the industrial sector
vss discussed, vith specisl reference to the necessity of performing HRGC. [t
vas conceded that LRGC vas sufficient to enslyzs undifferentistsd Aroclors, ar
other commercial PCB products, {n verious oil samples. The applicacion of
simple aethods to PCB degradation products, or contaminants such as PCDFs, vas
said to be-nonspecific. In terms of the discussion vhich suggested thac LRGC
vas relatively insccurate snd {nsensitive as & mesns of messuring LPCH, (¢t
could be concluded that the use of HRGC might be essentisl in {dentificetion
of PCBs incidentally produced during induscrial processas, such as ycesentsd
in the later session on {ncidentally produced PCBs in industrisl procwsesss.
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CHAPTER 3

EXPOSURE STUDIES - ENVIRONMENTAL RESIDUES AND BIOACCUMULATION

The first papar in thls chapter, sacompsssing production, distridution,
and enviroomental fats of PCBe, offers dets vhich escimatas the tocal PCBe
coutanination of the mobdbfle euvironment eod demoustrstes vhars the highest
concsntrations and lergest quantities of ths compound presently exist.
tho-eoutn_unun are presented to determine the talative PCBs countaming~
tions over & aumber of yeers. Quelitstive snslyses of fndividuel isomers or
homologs sra performed to evaluata the compounds vhich are more likely to ba
suvironmentally or biologicslly degradsble. Finelly, euviroussuntsl ssmpling
date fs presented vhich coufirm the bduild-up of selected howologs.

The second peper extends these rvedults to living organisms. Studies of
f4oh end human populacione revesl selective biosccumulaetion of PCBs isomers
and homologe which relats to thair degrae of chlorimstion, substitution {a the
para position, and.occurrences of adjecest unsubstituted csrbons. Probdlems
sasocigted with schieving. PCBa steady-stats levele 1n animals, followed by PCB
elimisation sre extensively covered. Purther discussed £ deteil s the
effect of the reproductive cycle and lactetion in fish sad humans, respec-
tively, on the eliminstion of PCBe body-burden.

Tue issues of the socio-madicsl aspects of lectation, the etructure-
sctivity relationships to metabolism, diosccumulation, end toxieity, aad the

problems of messuring PCDs contsmination {n the Great Lakes are elaborated
upor in the discussion summary.
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DISTRIDUTION AND FATE OF CHLOROBIPHENYLS IN THE ENVIRONMENT
R. J. Moolsunaar

Dow Chemical Company
Midlend, MI 48640

INTRODUCT [ON

This paper tevievs rscent information on the {nput of PCB products snd
chlorobiphenyls to the eavirooment, their distribution and fste, sud on
residues of these materisls in environmentsl sampleas. The {nformation is
derived from escimatss of chlorobiphenyl release, laboratory studies, and
rasidus analysis, An understsnding of the {mtarrelation of these varisd
studigs, and e projection to actual enviroumentel behavior is extremely
iaportant to serve a8 a basis for control action for these comwpounds. Mors
broedly, the chlogobiphenyls, along with several other matsrisla for vhich
thers 16 an extensive database, serve as model compounde for predicting the
behavior of the vhole spectrum of synthetic and natural chemicals. It is,
therafore, isportant that periodic updates be made of the vhols picture
regarding the environmental behavior of the chlorobiphanyls.

ENVIRONMENTAL ENTRY OF CHLOROBIPHENYLS

Polychloriuated diphenyls, products produced by the chlorination of
biphenyl, vsre used extensively during 50s, 60s and early 70s. Their
production and use vare sherply curtailed, firet vo&unt.rtly. and then by
regulation during the 1970s., An estimated 610 x 10 kg PCBs_wers produced and
used in the 0.8, through 1973, of which sn estimated 82 x 10° kg hae been
relessed to the mobila enviroument (MAS 1979), The temainder has either been
destroyed, placed in lendfills, or {s still {n uss.

PCB products have not been sanufactured {n the U.8. since 1977, Chloro~
biphenyls have been produced {n smell qusntities as dy-products of other
msnufacturing processes. Menufacturing exsemptions have been filed with FPA
for the production of products containing chlorobiphenyls in concencrstions fn
sxcegs of 50 ppu. Presumably, totsl quantities produced and the ewount
sntering the biosphere could be estimstad from this ;n!or-t!ou. A recent
survey of the chemical industry tevesled 0.0062 x 10 kg of chlorobiphenyls
are genersted gnnuslly ss incidentsl gontantnnntn et concentrations below 50
ppm (Table 1). Lless then 0.0004 x 10" kg of this amount snoually enters the
modile euvironment.

The msjor current loss of PCBs {e believed to be leskage from capecitors,
traneformers, sud other electrical equipment im ues. An upper bouund gltilttl
of such entry iuto the eunvironment provided by IPA 1s about 0.18 x 10" kg
sonuslly (47 FR 17428, April 22, 1982).

Chlorobiphenyls ars slso produced es by-products of high temperature
combustion processes (Richard and Junk 1981, Juank end Tord 1980, Vick st al.
1978). Thase {uclude sunicipsl and {ndustrial {ncinerators, cosl-fired
slectric pover plents, and the durning of wood. The origin of ths chloro-
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Table 1. Incidental Chlorobiphanyl Production and Disposal

Total Annual Productian (kg) 6,200
Disposal
Incineration 4,100
falt Water Diachsrge 800
Landfill 100
Underground Injection 300
Enclosed So0lid Products 200
Othexr Products 100
TOTAL 6,200

Chemicsl Manufacturer Associstion, Novembar 15, 1981,
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biphenyls 1s not believed to be the combusticn of materials containing PCB,
sicce edditfon of refuse containing PCB to & cosl fired burner did noc
{ncresee the anount of chlorobipheayls {a the effluents. The magnitude of
chlorobipheayl formation from this soyrcs is unknoyn., The smounts reported in
effluenc gasas range from 0.0g07 ug/w” to 200 ug/m° compared to ambient sir
lavels of 0.0001 to 0.01 ug/m”. A veviev of orgsnic emissions froa coabuscion
processss has been provided by Junk aad Ford (1980),

Still snother source of PCB to the mobile onvirogncnc {s leskage from
lendfills end equipment dumps. An eetimated 140 x 10" kg PCH bed been dis-
posed of in lsndfills and equipmenc dumps through 1978 (NAS 1979). Very
1ittle dats 1is eveilable for sstimating the guancity of PCB sntering the
mobile envirotment from this source. The smount leaking into gToundvater {s
believad to ba negligible, buc small emounts are believed to volatilize from
relatively exposed sites (HAS 1979).

DISTRIDUTION- AND PATE OF CHLORQOBIPHENYLS

The distribution snd fete of chlorobiphenyls depends on their relesse
patterns, partitioning sod.dispereion, end their susceptidility to degradation
by verious routss. The chlerobiphwnyls thet censtituted IC3 products were
relessed over 8 pericd of yeers ae & result of a vide variety of uses. Load
estimates in the etmosphere, hydrosphers sad lithodphers for U.9. msnufsctured
PCBe that Have eutered the mobile enviroument arg shown {n Table z (NAS 1979),
The percenteges sre dased on sn input of 82 x 10" kg from U.8. production snd
relesse. The msjor reservoir for PCD s reported to be the Atlentic Ocesn,
The stmosphere is o very minot reservoir, but is believed to have served s o
usjor trausport vehicle for PCB. Treshweter reservoire do not contaein & large
fraction of the totsl load, but the highest concentrstions are usuelly found
in freshwvater scosysteas,

Much sttention has been focused on the distridution of PCBe in the Grest
Lakas, A rvecent summary hse heeu provided dy Bisenreich (1982). lo‘goneludon
the pregsent PCB burden for the euntire Great Lakes {9 0.44 to 0.5 x 10" kg of
vhich 881 s in the sediments. Retimates for esch leks sre shown {an Tadle 3.
Eisenreich concluded that the major current fnput to the Upper Lakes is vie
the stmosphere, and thet input is neerly balanced by losses due to bdurisl in
the sediment,

Ouce relessed, the PCB products exposed to the stwospheric or aquatic
envirouments vers slovly veporised or diesolved. [Further distridution and/or
degredation took place depending on the chemicsl, physicsl, and dlelogicsl
properties of the individuel compounds. These properties very cousidersbly
vithis the family of chlovobiphenyls, snd they greatly influence the ultimate
feta of esch compound, Thus, the properties of the individusl chemicals will
be discussed is order to understand their fete and the observetions reportad
on vesidues of these matsriels.

PUYSICAL PROPERTIES

The physical properties of the chlerobiphenyle have vecently beeu
reported or sumsarized (NAS 1979, Macksy st al, 1980, Bansrjee ot sl. 1980,
Westcott ot al. 1981, Neely 1983, McDonald, unpublished, Smith et el. 1964),
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Table ¢, Eavironmental Load EFstioates 2! PCB for the U.S,
aod the Atlastic Ocesn

Percentage
Besed on
Anoug: Total
x 107 g Releese
Atmoephere 0.018 0.02
i Hydroephare
Preshvater 0.012 - 0.038 0.01 - 0.04
Treshvater sediment 1.4 - 7.1 1.7 - 8.6
Trashwatsr bfote 0.03 0.04
Marioe water 6 - &6 7.3-7
Uarine sediment 0.66 -~ 2.7 0.7 = 3.3
Marine biote 0.03 0.04
Lithosphere 0.14 -~ 2.8 0.2 - 3.4
*Nas 1979.
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Table 3. PCB Burdens {n the Great Lakes®

PCH

A-ognt
Laks x 107 kg
Superior 38
Michigan 37
Huroon T 69
Ontario 122
Erie 187

*2isanreich 1982,
11
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Iportant properties are shown in Tadle &4. Solubility end volaeiliey
generally decresse vith incressed degree of chlorination, slthough {ndividual
igomers may shov some variation,

From these properties it fa possibla to cslculate distribution coeffi-
clents (Dilling 1979, Karickhoff et al. 1979, Chiou et al. 1977, Vsith et al.
1979) for {ndividual congenars detvean varicus wadia as shown {n Table §S.
Such {aformation is essential for predicting vhat pert of tha savironmeat vill
contsin residues of the compounds, or whether the compounds will get to
regions vhere degradation will occur. An {nspection of the proparties and
distribution coefficients clearly shove {ncressing levels of chlorination
increasas the tendency for sdeorption to soils end for bioconcentrstion. Lowv
degreas of chlorination {ncresse the mobility of the compound, both into tke
atmosphara and into vaeter, end increese the probability for uyadergoing
degradation.

ENVIRONMENTAL DEGRADABILITY

Seversl studies have been reported descriding tha biodegradability of
chlorobiphenyl congensrs (Betley et al. 1981, Atmed and Fochc 1973, Aaderson
1980, Furukave et al. 1978, Vong end Kaiser 1975, Reicherdt at al. 1981). All
present e consistent picture. Chlorobiphenyls with a lov degres of chlorina-
tion ara readily biodegradable, vhile the highly chlorinatad congeners are
increasingly resistant to biodegradation.

14 The work of Beiley et sl. (1981) 1s particularly notevorthy since
C-1abeled cowpounds were used and good material dalances vers obdteined in
his studies. Degradation studies vere cerried out {n river water. The
pattern of degradstion observed for 2-chlorobiphenyl {s showmn in Pigure 1.
The parent chlorobiphenyl degraded rapidly (¢ /22 spproximately 2 days), one
tsolatable intermedigte do,;ndution product Ull 3bc-rvcd (chlorobenzoic acid)),
vhich rapidly degraded to ~ CO, sud presumably water and inorganic chloride.
These observations are consistlnt with the esrly work of Ahmed and Pocht
(1973) who proposed the degradation pathway shown in Figure 2, and glso the
later work of Anderson (1980), who observed chlorobenzoic ecids as degradation,
{acermediates. The half-life for degradation vas similar for concentrations
renging from 1 to 100 ug/L for all three iscmers of momochlorobipheayl. By
vay of contrast, the tetrs-substituted compound, 2,2',4,4'~chlorobiphenyl,
studied under similar conditions shoved no measurable degradstion during s
period of 30 days. Anderson (1980) found the degradebilivy of chlorodiphenyls
in lake sediments decreased with increasing degree of chlorination, with
half-lives ranging from & few days for dichlorobiphenyl to 200 days for
peatachlore ilacmers. Bfodegradability is slso sffected by the position of chlorine
substitution ou the biphenyl ring, particularly for poly substituted derive-
tives. No degrsdation was observed under snaerobic conditions for any of the
chlorobiphenyls.

Studies of the atmospheric degradation of chlorobiphenyls sre sparse.
Appledy (1976) reported that 2-chlorobiphenyl degraded under simulacted atmos-~
pheric conditions with a half-1ife of a fev days. Theoretical vork by Bendry
(1979) 1a consietent with the vork of Appleby, and suggests the more highly
¢hlorinated congenels are more resistant to stmospheric photodegradation.
Recent more definitive work by Dilling (1983) confirwed the wurk of Appledy.
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Tabla 4, Chlorobiphenyl Physical Properticl'»

Wacer
Solubilfty Vapor
umole/L, Prasasurse
Chemical 28° ¢ o Hg, 25° C
2-CBP 26 8.4 x 1072
4~CBP 12 4.6 x 1073
- 2,2'-CBP 6.9 2.1 x 1074
6,4'-CaP 0.3 1.9 x 1073
2,5,2'=CBP. 3.9 9 x107°
2,3,4'-C3P 0.3
2,8,2',5'-CP 0.09 3.7 x 107"
3,4,3,4'-COP 0.3
2,4,2',4'<CBP 0.23 8.6 x 1073
2,3,4,5,2'-CP 0,028

“¥AS 1979, Mackay ot al. 1980, Benerjee st al, 1980,
Wastcott et al, 1901, Meely (1983), McDonsid

(uapublished deta), Smith et el. 1964,
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Table 5. [Environmantal Distribution Coefficients

Distridbution Coafficients

Adr/Vater Solidlgat.r Fish/Watsr
Cospound [ of K sce®
v
2-Ch? 0.01?7 660 2,000
4-CBP 0.020 270 960
2,2'<CHr 0.002 1,100 3,300
4,4'=COP 0,004 700 2,100
2,5,2'-C3? . 0.003 5, 300 12,000
2,5,2',5'-Cop 0.023 16,000 31,000
2,4,2',4'<COP 0.020 35,000 60,000
2,3,4,5,2'<C3P 29,000 $2,000

*In units of 3315-55-555-—. caleculated from Dilltng 1979,
ag/L 1n water

bAsoun.l 2% orgsnic cardon, calculated from Banerjes ot al. 1980 and
Karickhoff at al. 1979,

®Caleulated from Banerjae ot al. 1980 and Veith et el. 1979.
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Figure 2. Biodegradation pathway of monochlozobiphenyls.
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He sttitied the photodegradacion of all three monochlorobiphenyl i{sowers in a
glass chamber using bengene and s stadbls chlorofluorocarbon es internal
sctandards, The study vas carried cut with two different surfece to-volune
rstios, shoving that the resction vas in ths gus phase snd not surface
catslyzed, The rasults ara flluetraced {n Pigure J showing the disappearancs
of 2~chlorobiphsoyl under dark and light conditions. By coeparing ths rates
of disappesrsnce of esch {somsr with that of benzene under light and dark
conditions, sud knowing the rate coustant for OB radicsl attack on benzene
(Perry snd Pitts 1977) from previous publisbed work, Dilling was able to
calculate corresponding rate conecants aud aversge tropospheric halflives for
the three movochlorobiphenyl isomers. These are shown {n Table 6. All three
monochlorobiphenyl {somers degrade under simulated atmospheric conditions with
half-livee of about one day.

PREDICTION OF ENVIRONMENTAL RESIDUES

The laborstory dats shovs that incrsasing levels of chlorine substi{tution
on biphenyl results in a greater tendancy -for adsorption to solids, an
{ncrease in the bicconcentratios potencial, snd s grester degrea of
persistence., On a qualitative basis it 1s clear that monochlorodbiphenyl is
l1tkely to disperse and degrade rapidly, vhile the highly chlorinsted compounas
(especially tetra and sbove) ere likely to be persistent and sppear. as environ-
mental rasiduss, Neely (1981) recently {ntegrated this dats i{nto a mathematicsl
sodsl intended to simulate the "aversge” world in order to predict the lifetime
of selected chlorobiphenyl congeners in the snviromment. HNis conclusions,
shown {n Pigure 4, predict a half-1ife of about 3 days, for monochlorobiphenyls,
150 days for di, 579 days for tri, 1044 deys for tetre, and 3445 days for
penta., 1f stmospheric dagredation is included for momochlorobiphenyls, the
half-14fe {s reduced to one day. 1f conditions of tempersture, microorgsuiss
concentration, etc. differ markedly from those assumad by Neely, differences
in persistence would be expected. Rowever, the reletive degradation rates
betveen different congeners should ramsin nesrly comstant.

Nesly (1983) sleo modeled the situation in Lake Michigsn with respact to
homolog distribution, Shown fn Figure 5 sre the differences expected between
an essumed original "PCB fluid" that may have entered the lake, and the
di{seribution of chlorobiphanyls expectad in both vacer snd fish. Mono and di
go from 1 snd 16% of the chlorobiphenyle {n the original fluid to about 0 end
6.4% {n vater sud 0 and 2% in f{sh, respectively. On the other hand, penta
goes from 10X of the chlorobiphenyls in tha fluid to 10T {n ths vater and 482
in the fish. The differences reflect preferential biodegradation of the mono
and di chloro compounds based on laboratory studies of their biedegradadilicy,
and also the grester tendency for biocoucentration for the penta.

ENVIRONMENTAL RESIDUZS

Reports describing the homolog distribution of chlorobiphenyla found in
the esvironment ats consistent vith Neely's predicticns. PFigure § shovs ths
distridbution of homologs sold in ths U.S. during the period 1930-1978,
Trichlorobiphenyl vas the most abundant homolog of the series, folloved by
tetra, pants, and d4,
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Table 6. Atwmospheric Degradation Parsmeters for

Honochlorobtphlnyh‘
172
k (Troposphsric
‘Ol ] Aversge)
2-C3 $.4 x 10 ct‘n ¢:n3 lol.culo'l ut:'1 1.5 d'.y
3-c 1.0 x 107! 0.77
" ~11
4=CB 1.2 x 10 0.68

Assumes (‘OH)ave = 106 c-’3

%D1114ng et sl. 1983,
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Chlovobiphenyls found in plasma and adiposs tissue of capacitor manu-
facturer vorkers (Figure 7), vho vere exposed to PCB products with .homolog
distridbution as manufactured, shoved & shift in homolog distribution to the
more highly chlorinaced compounds (Wolff et al. 1981). Terrs was the pre-
dominant chlorobiphenyl found, followed by tri, pents snd hexs. D{ vas
reduced to very lov levels, vhile mono was not observed. Tha shifc in distribu-~
tion csn be explained by the fact that chlorobiphanyle vith s low degree of
chiorination, especislly mono and di, are cleared rapidly from msmnals,

Figure 8 (Kaley et al. 1976, Matthews and Anderson 1975). Thus, sccumulation
favors the highly chlorinated compounds.

The additional effect of the environment on the homolog distribution in
humsn tissue csn be sesn by examining Figures 9 and 10 (Jensen and Sundstrom
1974, Mes et al. 1980). These dats vere from husans exposed to chloro~
biphenyls in the genersl environment rather than in the vorkplace. The
hewolog distribution is shifted to even higher degrees of chlorination, with
hexs and hepta levels predominating. The disappesrance of dichlorobiphenyls
and the dramstic reduction of trichlorobiphenyls indicate that trsnsport and
degradation in the environment has greatly reduced the levels of these com-
pounds. Thus, both the eavironment and mammalisn organisms tend to preferen-
tislly degrade or eliminate diphenyls vith a lov degree of chlorination
comparad to those vith & high degree of chlorinationm.

The preferential degradation snd excretion of lower chlorinated biphenyls
is probably a key reason why they exhibit less potentisl for chronic toxicity
than that shown by PCB products or highly chlorinsted biphenyls. In a 3l-day
gavage toxicity study {n rats, approximately 100 times more monochlorobiphenyl
vas required to produce liver effects equivalent to those noted for Aroclor
1254 (Dietz et al. 1982), Continuous flow studies (32 days) vith fishes also
shoved 2-chlorobiphenyl vas lass toxic tham 2,2',4,4"'-tetrachlorobiphenyl by o
factor of about 30 (Dill et sl. 1982),

The overall levels of PCB in Lake Michigan are declining (Bartig 1981).
Figure 11 shows levels of PCB in chubs taken from Lake Michigen. The PCB
concentration has dropped from 5.5 ppm in 1974 to 2.2 ppm 1n 1980, TFigure 12
shovs PCB levels {n lake trout and coho salmon are also dropping, although
there are no data taken since 1976, Tigure 13 f{ndicates a dramatic drop in
PC3 levels in gull eggs taken from islends in Lake Michigan. The drop in PCB
levels in gull eggs closely parsllels the drop in PCB levels in chubs.

Eisenraich (1982) concluded the residence times of PCB in Lake Superior
and Lake Michigan vaters are 2 to 7 vears and 1.5 to & years, respectively.
Residence times in thess lake vaters depend in part on the rate of permauent
burial of thesa compounds {n sediments, Once buriled, the PCB is not scces-
sidle to vater organisms, and does not accuvmulate in the food chain. No dats
has bast reported on the degradation of PC3 in tha actual sediments in the
lakes, Although, as discussed earlier, sediments taken into the laboratory
have shovn degredation of chlorobiphenyls (Anderson 1980).

Atucspheric ievels of PCI over Lake Superior, besed on limited sampling
showvn ip Table 7, sre slso decreasing (Eisenreich. Persounal communicarion).
Reported Yéyeis hive Zroppea frow s range-of 0.9 to 3.5 ng/a” 4o 1978 to 0.1
to 0.6 ng/u” in 1961. 1t s possible to estimate yearly production and
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Tedle 7,

PC3 Concontntlogu in Air Over
Lake Superior

lcng!,
Year Mean g ® s.D. ]
1978 1.5 0.9 - 3.3 0.8 13
1979 0.9 0.4 - 1.4 0.4 ]
1980 1.0 0.1 - 2.5 1.0 8
1981 0.3 0.1 - 0.6 0.1 9

Srisenreich, personal communication,
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release of PCB in the U.S. from the i{nforwstion revieved in this paper. The
date sre presented grephicelly {n P{gure l4a. Production of PCB dropped
drastically during the sarly 70s and intentionel production of the mixtures
ended 1n 1978. A small incidentel production (<0.3 million 1de/yr) has
continued into the 1980e. Releese of PCB to the mob{le anvironment is esti-
netad et 5 to 12 million 1be/yr during the 10 yeer period 1962-1972. Since
1978 the release has been <0.$5 aillion lba per year.

Data on the levels of PCB in Lakes Michigen end Superior, as summarized
in Figure 14b, reflect the response of these lakes to the raduction in relesse
of the compounds to the mobile environment. Levels began to drop ebout omne
yssr sfter the relesse rets vee reduced, end heve shovu e steedy decline since

“that time. Similer trends heve besn observed for DOT end mercury in ths Graat
Lekes (Hertig 1981). Further reduction with time {»s expected as removel of
these compounds from the mobils snvironment through degredetion and removel by
buriel continues,

Conclusions

1. 8ince production of PCP begen, en astimsted 80 to 90 x IO6 kg have bean
released to the aodbile environment in the U.S.

2. PCI producte and chlorodbiphenyls -:11; eunter the mobila envircnment in
suall amounts (approximately 0.2 x 10° kg/yr),

3. The msjor resarvoir for PCB releesed in the U.S5. is the Borth Atlentic
Oceen, but freshveter syetems contein the highest concentretioms.

4. PCP levels in the Greet lLakes (eir, weter, and fish) have dropped drematic-
ally since relesses vere curteiled in the mid-70s. PCB concentrations in
Loke Michigan chubs have dropped from 5.5 mg/kg 1n 1976 to 2.2 mg/kg in
1980,

S. Laeboratory studies heve shown thet tha dagradebility of chlerobiphenvls
decresses vith f{acreesing chlorine content. For example, mosochloro-
biphenyl degredes reedily in leke sediments, neturel watars and gir with
half-14ves of & fev days or less. However, the half-lives of tetre and
higher homologs is of the order of mosths to ysars.

6. Residues messured in huymsn tissue show no monochlorobiphenyl, very little
dichlorobiphenyl end reduced trichlorobiphenyl compered to ths homolog
didtridbution {n PCP products ssnufectured in the U.S. This observetion
tends to confirw the leboretory observetions os the reletive degred~
ability of the lover chlorineted biphenyls compered to the highly chlort-
nsted compounds,
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FACTORS AFPFECTING THE BIOACCUMULATION AND PERSISTENCE OF POLYCNLORLNATED
BIPHENYLS .

Mary Jo Vodienik

Department of Pharmacology and Toxicology
Medical College of Wisconein
Milwvaukee, WI 33226

Polychlorinated biphenyls (PCB3s) are widespread pers{atent iadustrial
contaminants in the global ecosystea. Originally used in paints, inks,
hydraulic fluids and electrical components, PCBs have been found in the
stmosphere, fresh and salc wvacer, soll and tissues of numerocue animal species,
Because of their high lipid solubilicy, PCBa tend te accumulats in sdipose
tissue and thus bacome biomagnified through the food chain. Although numarous
investigetors have examinad the pharmacokinetic behavior of PCBe {n maumslian
species, there have been relatively fev studies vhich consider thess phancmens
in the lover vertebrats forws. This paper attempts to compare the sccumuls-
tiou, distribution, persistence and metsdolism of polychlorineted biphenyle
{n mammals and squatic speciee,

BIOACCUMULATION

As {s the case in the higher snimals, fish sre exposed to snvironmental
contaainants primerily through the diet sand f{nhalstion (via the gill),
Whether s particulsr chemical is absorbed snd sccumulsted by squatic species
{s dependent to s great extant on its physico~chemical characteristics, most
notably, its wveter solubility and lipophilicity. PCBs have been shown to
bicaccumulate in figh species and aside from {ts obvious significance from an
ecological standpoint, bdiosccumulation smong lover vertsbrates has been recog-
nized a9 & potentisl human health hazard as well.

Bioaccumulstisn can be assessed by the calculation of the bicaccumulation
factor (concentration of chemical in vhole fish/concentretion of chemical in
vatar). This factor is a charscteristic of the fish specias and duration of
exposure to the compound and is independent of cthe vater concentration of the
chemical. Figure | {llustrates the time dependency and magnitude of bloaccumuyla-~
tion of Arozlors 1254 snd 1248 by channel catfish sxposed to these mixtures in
vater (Mayer et al. 1977). It cen bs seen that even after 77 days of exposure,
ths concantration of PCBs in fisd had nor reached the steady state evan though
biosccumulation had proceeded to over 60,000 times the concentration of theve
aixturas ino ths exposuzre water. These dats demonstrate that in order to
schieve a stesdy state concentration of PCBs {n fish, an extended durstion of
exposure {s required. Steady state concentretions of PCBs were reached in
fathead ninnovs vhich hed besn exposed to Aroclors 1242, 1248, 1254 or 1260
for a period of eight monchs (42 FR 6332, 1977), Biosccumulation factors for
{ndividusl ainnows renged from 32,000 for Aroclor 1242 to 307,000 for Aroclor
1254,

The htloaccumylatios of PCBs fn fish ﬁnc slso baen assessed by the use
of feeding studies. When coho salmon vete fed diets coataining incressing
concentrations of Aroclor 1254, {t was found that the higher :hg concentration
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Figure 1. Biosccumulation of Aroclors 1248 (5.8 ug/L) and 1284
(2.4 ug/LY 1in channel cacfish following vater exposure.
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of the PCB {n the diet, the longer it took for whole body PCB concentrstiouns
to reach & stesdy state (Mayer et al. 1977). Furthermore, the higher the
concentrstion of Aroclor 1254 1n the diet, tha higher the steady stata concen-
tration {n the snimel. These dets concerning time to steedy state vith
different concentrations of PCls may explain tha results of Leatherland et al,
(1979) vho shoved that PCB levels in coho sslmon fed s high PCH diet (300
mg/kg) were only 3.2-fold higher than i{n coho fad & lov PCB diet (SO mg/kg).

It 1s important to note that dats concerning biosccumuletion of chemi-
cals, including the PCB3s, can be expressad ss an sbsolute amount of chemical
in the body et any given time or ss the concentrstion of that particulsr
chemical in & given tissus. Thie 19 an important concept since in long teru
exposure studies tha fish are groving and one wust desl vith the cowbination
of constant intske of chemicals snd the tendency tovard dilution of their
concentration in the animsl by growth. This is tlluatratad in Pigure 2 vhere
raindbov trout vers fad 15 parts par million (ppm) of Aroclor 12854 for 32 wveeks
(Lieb et al., 1974). GCraph A rspresents the PCH concentration in fish in ppm,
3 reprasants the total PCB content of ths fish in micrograme, end graph C
illustrates the body veight wessured over the exposure period. It is clesr
that slthough the concentration in the fish begen to level off st
spproximately 24 veeks of dietsry exposurs, the sbeolute smount of PCBe in the
snimale continued to iocresse. These dats {llustrate that slthough & stesdy
stets may be resched in terms of concentrstion 1o the suimal during the
exposure period, totsl PCB content in sbsolute sicrograms/svimsl may continue
to {ncresese. When rainbov trout vere fed s diet containing 15 ppm of Aroclor
1254 for 16 vesks eud then vere switched to s control diet, the fish which
cootinued to receive PCBe continued to sccumulate them, but the trout removed
from the PCB-contsining diet desocnstrated mo decreese in PCB content (Figure
1), It is important to recogunize that the sbsolute amount of PCBs expressed
es mg/fish did not chenge significantly from the 16th to 32nd veek on the
control diet. Thesa dsts 4llustrste the lack of eliminstion of Aroclor 1254
even when animals vere fed a control diet., If the data ars expressed on s
concentration bssis hovever, the situstion {s quite different, This {s
<llystrated tn Figure 4 where PCB concentration {n 1lipid {s plotted against
sverage fish wveight snd the time in vesks after removal from the PCB-contain-
ing diet. Theee data clesarly shov that the PCB concentration decressed over
time after removael of the fish from the PCB-conteining diet end this decrease
in concentration can be accounted for slmost entirely on the dssfs of dilytion
through veight gain of ths snimals.

An {mportant faetor vhich determinas the axtent to which PCle are sceumu-
lated by fish is the degree of chlorination of the biphenyl nucleus. GCesersi-
ly, lover chlorinated PC3 mixtures are accumulated to s lesser extent tham
wore highly chlorinsted mixtures. 7This s 1illustrated (n Figure 5 by channel
catfish sccusulsting Aroclors 1232 snd 1248 (32 snd 482 chlorine,
respectively) to s lasssr extent than 1254 and 1260 (54 snd 60X chlerine,
respectivaly) (Mayer ot al. 1977). The lover sccumulation is dus to sore
rapid setabolism 1nd elimination of the lower chlorinated chlorobiphenyls,
This hae elvo besn demonatrated in fachesd minnove exposad to Aroclors 1248 or
1260 for 66 daye in veter and transferved 2o PCB free-water for 34 deys (Delos
et al. 1918). TPigure 6 shows a chromatogram of Aroclor 1248 residues {n
minnovs after the 34 day vashout period compared to sn Aroclor 1248 standard.
It can be seaen that the composition of PCB residues in minnovs is different
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from the standard. A d&{fferent result vss obtsined for Aroclor 1260 vhere PCB
residues {n ajonows vera essantislly identical on s component bssis to Aroclor
1260,

Along vith blotraneformstion vhich ssy determine the extent to which PCBs
can be sccumulated by fish, the lipid content 2f tbe enimal wust aleo be
considered, Female fathead minnovs sccumulated about tvice as such Aroclor
1248 or 1260 from vater as males snd this ves due to the higher lipid content
in the female anissls (DeYoe at al. 1978).

DISTRIBUTION
Maomals

Becsuse of the many different chemical snd biologicel propertise of the
individusl congeners vhich make up cowmercisl PCB mixtures, (t hes provem
extremely difficult to .sssess the sovironmental fate end dispositicn of thess
chericale. Thus, moat studies to date have examined the tissue distridution
snd setabolism of {ndividual PCD congeners. This has not enly led to s better
understanding of the phartmacokinetic behavior of polychlosinated bipbenyls,
but to the elucidation of the structure-sctivity relstionehipe which determine
their disposition snd persistence. Administration of jundividual PCB congensts
to leboratory animals hae demonstreted that the lover chlorinsted species asre
more repidly metabolizad then the higher chlorinated compounds asnd this
contributey to the bdiosccumulation of the latter im suimal tiseues. These
types of studies have also shown that the tissue sbsorption.sud distribution
of {ndividusl PCB components 1s both apecies sud orgsun dependant.

Ths examinagtion of the distribution snd excretion of {ndividual PCB
congeners in reta has provided an insight into the fats of the sors complex
compercial PCH mixtures (Matthevs end Anderson 1975, Lutz at al, 1977). The
individual congemers studied included é-chlorodiphenyl (1-CB), &,4'~dichloro~
biphanyl (2-CB), 2,4,5,2',5'-pentachlorobiphenyl (S-CB), and 2,4,5,2',4',5'~
hexschlorobiphanyl (6-CB). These particular congeners vars chosen becsuse
their degrees of chlorinstion are similar to those of commercial PCP mixtures.
1t vas determined that followving {ntravenous injection of & single dose of
esch of the congezers, the PCBs vers removed rapidly fros the blood end
initiglly stored in liver and suscle. More {mportasntly, the rate of excretion
or redistribution of the PCBs to tissues with high 1ipid conteat could be
related to their degree of chlorimstion. Although ths storsge of metadbolitss
did not occur to sny apprecisble extent, ths percentage of totsl rsdfosctivity
sccounted for by metabolites decressed as the parcent chlorimation of the
particulsr congener incressed. Ninety percent of the mono-, di- snd penta-
chlorobiphenyls vas excreted during' the 42 day experimental period. The data
furcther fodicated that less then 20X of the sdministered dose of 6-CD would
aver be excreted, These {nvestigstors thus suggest that the retes of elimina-
tiou of PC) congeners are determined by their rstes of metabolism.

The data in Pigure 7 show the tissue levels of 6-CB sfter s single 1i.v,
sdein{stration to the ret end those i{n Pigure 8 shov the cumulative deily
sxcrecion of }=CBs 2-CB, ! €3 end 6<CB in feces. It is obvious that ratss of
metabolism of the individusl PCB congeners play a role in their eapecity for
biosceumulagtion end thet this metsbolism 1s dependent, at lesst in part, on
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Figure 7. Ti{ssue levels of 2,4,5,2',4',5'-hexachlorobiphenyl (6-CB)
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the degree of chlorination. Hovever, the position of the chlorine atoms on

the biphenyl nucleus also determines the rate at vhich any congener {s geta-

bolized., Chlorinme substitution patterns and their role {n metsbolism vill be
discuessed in & later section.

The data gleaned from sccumulacion studies using polychlorinated biphenyl
eixtures support those vhich have examined the behavior of fndividus! con-
geners. Anslysee of PCB residues from human tissues have demonstrated the
retention of relatively fev congeners vhen compared to the gas chromatographic
profile of the commercial mixtures (Jensen and Sundstrom 1974, Yakushiji et
81, 1979). Studies on the pharmacokinetics of commercial PCB mixtures in
experiments! animals have elso demonstrated the retention of only certsin
congeners in adipose tissue (Hansan 1979).

Fish

f.1though a number of elegant studies have been performed investigating
the tiseue distribution of both commercial mixtures of PCBs and {ndividusl
congeners in mamasls, very fev studies have been csrried out on the dispost-
tion of PCPs {0 fish tissues. The data in Tabla | {ndicate the concentration
of PCD residues and 1ipid content in tissues of coho sslmon vhich vers fed
equal amounts of three chlorobfphenyls for 117 days. For most tissues exam-
ined, as lipid content incresses, so does PCB concentration, slthough the dats
for brain, heart and spleen suggest that lipid content msy not be the only
determinant of PCH sccusulation. Similar to vhat has bean described in
sammale, the more highly chlorinated congeners vers found in higher coucentra-
tion {n the tissues examined.

The deta of Guiney et al, (1977) suggest that disposition studies expres-
sing only PCD concentration in Vltiggl tissues 2ay be vislending. The data in
Figure 9 shov the concentration of ° C-labeled 2,5,2',5'~tetrachlorobiphenyl
residues in tissues of r:tnbovlsrout for up to 56 days sfter vater exposure.
The highest concentrations of ~ C activity vers in visceral fat, bile and eves
plus aseociated perforditsl fat. HOVtvcf‘ when PCB residues in the sase fish
vare expressed ss 8 percentage of total = C content inm the vhole snimal, it
can be seen that carcass, skeletal muecle snd skin coutained the highest
percentage of tetrachlorobiphenyl and visceral fat, eyes and periorbital fat
and bile contained the lovest (Figure 10), These considerations of tissue
aass should be taken into account in any disposition studies,

METABOL ISM
Hewmals

The role of metabolism {n the capscity for biosccumulation of PCBs has
been alluded to previcusly, snd the reader is referred to a recent, compre-
hensive reviev of their uptake, disposition, bilosccumulation and metaboliss
-(8afe 1980).- Jriefly, those -RC3 congeners vith higher chlorine content appesr
to be preferentislly ratsined. Although routes of PCB metsbolism can vary
cousiderably depending on the species studied, 8 fsv generalizatiouns can be
put forth. The major metabolites of PCBs include phemolic products. dihy-
drodiols, and sulfur containing metabolites. Hydroxylation is favored at the
para position in the least chlorinated phenyl ring. In the lover chlorinated
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Table |. Lipid Content snd Concentration of PCB Residues
ian Coho Sslmon Tissuves

Tissue Lipid 2,4,6,2',4',6'- 2,4,5,2',8'- 3,4, ,4-
Content Hexachloro~ Pentachloro~ Tetrachloro-
biphenyl biphenyl biphenyl
(ve 1) {ug/g vet vaight)
Adipose tiseus 73.0 18.80 19.30 10.60
Bratn 7.1 0.38 0.31 0.15
Spinsl column 6.6 1.40 1,40 0.92
Leteral line 6.1 1.90 1.80 0.77
suscle
Intestines 6.3 0.82 0.79 0.30
Stomach and 3.3 0.9% 0.76 0.43
pyloric ceeca
Liver 2.9 0.50 0.35 0.25
White wuscle 2.6 0.64 0.63 0.29
Heart 8.0° 1.50 1.20 0.98
Splean N.D. 2.10 2,00 0.85

SGruger et al. 1975,
Not detactsble,
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biphenyl congeners, the pars positions of both biphenyl rings and carbon stome
vhich sre para to the chloro substituent are 21l vesdily hydroxylated. In
general. o9 tha degree of chlorinstion incresses on both rirgs, the rate of
vetabolism decrsesss. Tinslly, oxidative metaboliswe of PC3s {s further

"facilitated by the svailability of two adjscent unsubetituted carbon atoms to

sllov arene oxide formstion as an intermediste step in metebolisa (Ksto et al.
1980). :

Although 1t has been definitively demounstrated that both the degree end
position of chlorine atome determines both the rates snd routes of metaboliem
of PCB congeners, other factors say also bde involved, Following exsmination of
the pharmacokinetice of several tetrachlorobiphenyl isomers in the mouse, it
vas deponstrated that those isomers which possessed sdjacent unsudstituted
carbon atome vere mors rapidly eliminated thep those that did not, but rates
of elimination of the former group of {somers vere sigaificantly different
from each other (Sugiura et sl. 1975, Sugiurs et al. 1976)., This led to the
suggestion that PCH iscmers vith increasing ortho-chlorine substitution
pstterns are less planar and thus less soluble in fat tissue. Subsequent
studies denonstreted that the accumuletion of the more highly chlorinsted PCBe
1s not directly proportionsl to lipophilicity (Butzinger 1978, Tulp snd
Butzinger 1978). Thus, although ths number and position of chlorine atows,
snd the octsnol/wster partition coefficiente of PCP congeners may suggest
their predisposition for metebolism, there does not sppear to be one
overriding factor vhich determines the rate of eliminstion of individual PCB
congeners io sammsls.

Tish

There {s comparstively lictle information svailable concurning PCB
metabolien in fish. Various investigstions have demonstrated that fish are
capable of metsbolizing PCBs to compounds more polar than the parent (Sanborn
et 81, 1975, Metcalf et al. 1975, Bend et al. 1976, Hinz sod Matsumurs 1977)
and the principsl machaniss involved sppesrs to be hydroxylstion. Trout and
skate, a» vsll as the iovertabrates, red crad and lobster, can metabolize
biphenyl to both the é-hydroxy and z-hydrox!‘dcrivuttvou (Crsaven et al, 1965,
Gruger at sl. 1975). Polar metsbolites of ° C-lsbeled 2,5,2',5'-tetvechloro~
biphenyl vere demonstrated {n the bile of rainbov trout and one of these
metsbolites vas identified as a glucuronide conjugste of 4-hydroxy-2,5,2',5'-
tetrachlorobiphenyl (Melsmcon and Lech 1976). Dogfish metabolized 2,4,5,2',5'-
pentachlorobiphenyl extremely slowly but polar metabolites vere slso found o
tha bile of these suimals (Bend st al. 1976).

Although the effect of the position of chlorine atoms om the biphenvl
nucleus on metsboliss has not been studied in fish, sn effect, of the number of
chlorines has been reported. GCreen sunfish were exposed to = C-labeled
trichloro-, tetrachloro~ gnd pentachlorobiphenyl congecers oo days O and 9 and
sscrificed on day 16, and the percent total radiosctivity in fish as parent
compound snd polar metsbolites vas determined (Ssnborn et al. 1975). The dats
to Table 2 4ndtcate-that, as-ie the sammalisn species, the rate of metabolimm
sppears to be inversely related to the degree of chlorination., Purtherwore,
these dsta suggest that the availabilicy of more then tvo sdjacent unsubsti-
tuted carbon stoms may be necessary for su apprecisble rate of PCB metabolism.
It should be noted that although some of the generslizations regarding the
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Table 2. Effect of degree of ehletin‘un on PCP

setabolism 1o green sunfish

PC3 1 Parent X Polar metabolites
2,%,2'-Trichloro 18 L4
2,%,2',3"-Tetrachlore 99 1
2,4,5,2',8'=Pantachloro 99 1
Sssnborn et al. 1975,
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netabolisn of PCBe which have been determined from wammalien syeteas may be
spplicadle to thair metsdolise io fish, fish metabolise PCBs much wore sloviy
than their mesmalfsn wountarparts.

An gttempt has been made to hriefly discuss the factors vhich sffect the
blosccumuletion, persistencs snd metabolism of PCBs {8 s number of verte-
brete species. Altbough & number of velid gansralizaticns heve been put forth
regarding the pharmscokinetic bshevior of PCBs, thsir fate sod parsistencs in
animals with sltered physiclogical states has not been so comprahensively
sddressed. Of both suvironmentsl snd toxicologicsl concern is the effsct of
reproductive processes on the dispoeition, matesbolism #nd elimination of these
compounds., The remainder of this report vill, therefore, deal with the sffect
of reproduction on the pharmacokinetics of specific PCB congeners fa both fieh
and msmmgls.

Yish

2,5,2",5'~Tetrachlorobiphenyl (4=CB) has beso shown to be one of the
nsjor PCH congeners in contaminated fish (Veith 1974). Ia adult rainbow trout
exposad to this FCH cougener {u veter, metabolism vee slov as evidencad by
lese thes 1IX of the compound sccumulated by the fish being feolated from dile
in sstaboliszed form (Melsncon and Lech 1976)., The effect of egg maturetion ov
the distribution snd eliminstion of 4~CB Izsiduct io female rsinbov trout wes
studied by exposing tvwo yesr old fieh to ~ C-lebeled 4-CP in vatetr for 36
houts in December with subsequent transfer to floving, non-recirculating
pristine wvater (Cuiney at al. 1979), At designeted times theresftar, fish
vare sacrificed and selacted tissues snalyzed for radiosctivity. In these
snimals, vitellogenesis vas in{tisted in June end spawvning commenced in
October. TPigure 11 shows the elimination of &-CB from female trout on & whole
body beeis and weight of maturing sggs et each sampling time. PFrom January
through August, the elimination of &~CB vas slov vith an spparent t 1/2 of
elimination of 1,76 years. Wat veight of thas eggs wes lov from Jenuvary
through Mey, then incressed greduslly from the end of June through August.
Beginning 4o September, there vas s rapid incresse 1o egg veight vhich resched
s pesk in October. The mature eggs vere then spent from ths fish ceusing the
veight of the agge vhich remained in the peritonesl cavity to decrease dramat-
ically by December. The verticel dotted lise indicstes tha last sampling time
before tha rats of 4=CB elimination from the vhole fish sppesrsd to increase.
Using this as s referenca point for tha change in &-CB elimination rats, it
can be seen that the increased eliminstion occurred st the end of egg matura-
tion and throoghout the spswvning season. The t 1/2 of elimination wes reduced
to 0.5 yeare.

The relstiocnship betveen egg saturation {n female trout and &-CB content
of the egge 1s given in Pigure 121 The major finding ves that ss egg veight
{ncressed to 8 pask, the percent = C residue 4o the egge slso incressed.

When tha femsle ovulsted snd the eggs vare spent from the fish 1in the act of
spevning, ths 4=C3 associsted with tha eggg vas eliminated from the body,
~This resulted 4o -a veduced totsl percent = C residue associsted with the fever
eggs thet remained in the peritonesl cavity by December vhen the spawvning
sesson vas over. Teken together, these findings suggest that eliminatfon of
4=C3 {n tha spent eggs vas, in psrt, responsible for the more repid
slimination of 4-CB from female rainbov trout from September to Dacember.
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Although the 4-CB that sccumulsted in the eggs may have originsted from s
redistribution of 4=CB from severel compertments of the body, s temporal
relstionship vea found between the sccumulation of é-C2 {u msturing eggs snd
the depletios of 4-CB from body fat. More explicitly, the {ncrease in egg
4~CB content vas sssociated {nitislly with & reduction in &~CB content of eyes
sud periorbitsl fet. This wvas followed later in time by s decrasse in 4~CB
content of visceral fat. It is probable therefore, that some of the 4-CH
sccusuleted in maturing eggs vas derived from these body fat dapots.

Cenerally, vet veight of eggs, syes plus perforbital fat and viscersl fat
increassd after transfer of female trout to 4-CB-free vater but the incresse
in vet veight of the maturing egge far exceeded that of visceral fst and eyss
plus periorbitsl fat. &-CB concentration in the egge remained nseentially
constant throughout the study, vhile that of visceral fst and eyes plus peri~
orbital fet decressed. The reduction of 4-C3 concentretion in thess latter
tvo body fat depots cannot be explained solely on the basis of an incresse (n
fst vet weight, demonstrating that other factors verte also involved. :

Johnson end Morris (1974) found e direct linear relationship betveen the
PCB snd 1ipid content of eggs stripped from freshwater fish in nature. This
suggests that lipid content of the eggs is a detarminant of the magnitude
to vhich PCB asccumulates in them. .What is less clearly understood ia the
mechanisa of tbe depletion of 4~CD from visceral fat and perforbital fat end’
eyes in the present study. The observation that the wet veight of visceral
fat, eyes, and perforbital fat remained virtually constent during the time
that 4-CB content of these tissues vas decressing indicstes that the
redistribution of 4-CB is not due to the redistribution of body fat.

In some migratory sslmonids wvhich do not feed during the spawning rum,
the parcentsge of oil in the whole fish drops to less than 101 of tha pre-
spavning value (Love 1970), Under these conditions, the percent PCB body
burden transferred to the eggs may be even grester. These dats suggest that
spavning mey provide an slternate route of eliminatioo of persistent PCB
congevers in fish spacies.

Mammals

Whether sim{lar slterations occur in the pharmacokinetics of a peraistent
PCB congener during reproduction in mammals vas also exsmined. A number of
studies have been carried out on the transplacentsl passsge of polychlorinsted
biphenyls and their transfer to nursing offspring. In viev of the fact that
numerous recent monitoring studies have demonstrated the presence of PCBe in
human bresst milk in various parts of the vorld (Yakushiji at al. 1978, Brevik
and Bjerk 1978, Ruwvabsra st al. 1979, Mes and Davies 1979), 1t is surprising
to note the paucity of toxicological i{oformation regerding their half-lives
and disposition in pregnant snd lactating animals and their rate of sccumuls-
tion and disposition inm offspring.

Previous investigstions in rodests vwith PCB sixtures hive demonstreted
ninimal transplacental passage of these chemicals vhen cowpared to levels
observed in the milk of lactating mothers (Curley et al, 1973, Takagi at al.
1976, Masoda et al. 1978), ‘Hovever, use of mixtures of PCBs does not allov
for su sccurste appraisal of the behavior of those particular congeners kaows
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to be the sost pereistent. A» mentioned previously, the deta of Matthevs snd
Andsreon (19735) suggest that less then 20R of ths totsl sdainistered dose of
2,4,5,2',4',5'<hexachlorobiphenyl (6-CB) would ever be excreted from mals
rate. 6~CB vas accumulaeted primerily by adiposs tissus, muecls end ekin ¢n
these animals. Also, Jeneen and Sundstrow (1974) heve shown 6-CB to bde the
soet prevalent PCP in human tissue eamples. It wes thus of {nterest to
svalusze vhether this persistent PCB congener vas traneferred trensplacentally
or to nursing offspring through milk.

Although the ainimsl transplacentsl transfer of 6-CB has bssn reported im
mice (Orberg 1977), this atudy did not econsider the distridution of the PCB in
mothers, rates of slimination 1n milk or dieposition end rstes of sccumulation
1o offepring. As s also the cess in-the sfevementioned-investigations vith
‘PCB mixtures, enimsls in this experimsnt vere dosed chronicelly during preg-
nancy end/or lsctetion snd thue tranefer of 6-CB from etorsgs depote {n the
sother could not be determined. Thaes studies do not reflact the situstion {n
vhich exposura to PCBe results in the selective sequestration of particulsr
congsners into etorsge depots prior to pregnancy through ths metsbolism and/or
elimtnation of less persistent covgeneres. We have thue studisd the diepoet-
tion of 6~CB 4o preguant snd lectating mice lnf‘itl sccumulation in the fetus
and nureing offepring after sdministretion of * C-ladeled 6-CB to femals
nice 14 deye prior to mating the suimals (Vodicnik and Lech 1980). The date
{n Il;ur,‘IJ shov that oo significant differences vare noted in the dieposi-~
tion of ~ C ectivity in the t{esues from pregnsnt enimals vhen compered to
virgin controls. Ou the day of birth however, liver, ediposs tiesue and
kidoey 6-C3 concentretions wers eignificently higher in mothers then in
virgine sscrificed st the same time. The helf-lives of elimination of 6-CB in
adipoee tissue in l-to 12-dey pregnant mice snd their virgin controls wars
7.5 and 11.6 days, reapectively, end in the liver, 17.5 and 15.8 days,
tespactively,

During lectetion, 6~CB concentretion decreased sharply {n all tissues
seppled from mothers (Figures 13, 14). Tissue concentrations in virgin
coutrols sscrificed st the same time remasined eleveted ot levels similsr to
those of virgins secrificed concurrently vith dey 12 pregnant enimels. The
half-1ife of eliminstion of 6-CB from the sdipose tissue of virgins secrificed
folloving .ths equivelent of the 12th dey of pregnency wes grester then 100
daye. The helf-1ife in the liver of virgins could uot de datermined due to
the lack of detectabls sliminetion of the chemicel sfter this time. Half-
livas of eliminstion from liver snd edipose tissue fell to 4.7 and 2.1 deys,
respactively, in lactating mothers.

Little 6=CB wvas treneferred across the plecents during the course of
pregnancy. The concentrations of 6-CB in fetuses from 12 snd 18 day
pregnant snimals vere 0.71 end 2.45 ug/g tissus, respectively. At birth,
totel carcass concentretion of 6-CB {n pooled newborns ves less then 3 ug/g
tissue which represents less than )X of the body burden in the mothers at
birth,

Throughout the course of lactation, suckling offepring sccumulated 6-C3
through milk. Pigure 14 shows the concentretion of 6=-CB in ths mecmary glsads

of lste preguent and lactating mice. Theee dats closely parsllel those of
stooach countents concentrations of 6-CB in nursing offspring. The PCB accumu-
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119

MONS 026160




T3 uC-G—CBI; tiseue

50

404
304
20 4
10 4

NN

ANNANRNNSAN
A .

o

Figure 14. Concentrition of

Mammary gland of mothers

1 6 12 18 Birth H] 10 15 20
Day of pregnancy Days postpartua

1
Yactatiog mice and stomach contents of nursing offspring.

‘C-G—C! in the mamaary gland of pregnant/

MONS

DStmch contents of offspring

02616l




leted primarily im the liver, suscle snd skin of suckling youmg, Adipose
tissue ssmples could not be obtsined from offepring in great enmough quaoticy
to sllow for ralisble " C determinstion. Figure 1S gshows that levels of 6-CB
vers highest in the liver of offspring at day 5 postpsrcum and hepatic content
dropped sherply by 10 days postpartum. Muscle and skin concentrations of 6-CB
reached s meximum at day 10 postpsrtus and decressed theresfter, corresponding
to the incresse in litter veight and decresse {n 6-C3 comeentration in milk.
From the design of this experiment, it was oot possible to distinguish vhether
the decressed concentration of 6-CB vas the tesult of elimination or simply &
dilution affecc due to rapid growth of the offspring at this time.

In order to detarmine the percestage body burden o!lz-Cl slimingted
during lactstion, virgio female mice ware injected vith = C-6~CB 14 days prior
to mating snd tvo animals vere sacrificed on day 19 of pregnancy and two
Tgthl!l and their litters vere sacrificed 5, 10, 15 and 20 days postpartum,

C activity vas asseased in carcasses of mothers and their pooled litters.
The date in Table 3 shov totsl carcass 6-CB content in late pregoant and’
lactating sothers snd thair offepring. Mothers eliminsted S7% of the total
dose of 6-CB remsining during lete pregnancy by day $ postpsrtum and sseen-
tislly thair entire body burden vas eliminsted dy day 29‘(’ 98%). Mureing
offepring sccumulated 6-CB through milk and sll of the " C eliminsted by the
mothers could be sccounted for in the suckling offspring.

These dets support thoee of other investigators vho have suggested the
placents to be an effective barrier to the passage of PChs in experimental
soimsls vhereaas the mammary gland represents an importsnt route of eliminstion
(Curley at al. 1973, Orberg 1977, Masuds st al. 1978), These results aslso
support the human dsts of Masuds and covorkars (1978) vho demonstrated that
slthough PCB levels in the blood of stillborn fetuses wara much lover than
those in thair mothers, sursing infants from the same population had higher
levels of PCBs in blood than those in mstarmal blood.

The higher concentrations of 6-CB {n adipose tissue, liver and kidney 1o
mothers on the dasy of birth {an this study may be the result of 1ipid mobdbilizs-~
tion to the prolifersting ssmmary glends. That {sa, mammary gland developaent
and/or milk production may be occurring, {n psrt, st the expanse of stored
sdipose tissue lipid during lste pregnancy resulting in s further concentra-
tion of 6-CB in fat. The increass in liver sud kidney 6-CB content at this
time suggests soms translocation of the chemical to the developing mammery
gland sc that thess tissues may heve been exposed to more circulsting PCB.
Although the concentration of 6-C3 was not significeuncly different in the
bleod of virgin snd pregnant snimals, {t is possible that there vas an
incressed turnover of 6-C3 in the dlood. In support of this hypothesis is the
fact that PCBs have been shown to bacoms associated wvith plasea lipoproteins
in vitro (Matthews et sl. 1977, Vomachks at al. 1963) end that rammary glend
TTpoptotoia 1ipsse activity incresses and sdipose tissuas lipoprotein lipase
sctivity decresses during lactation to fscilitste triscylglycerol incorpor-
stion into milk from chylomicrons snd very lov density lipoproteins (Zinder st
al. 1974).

Whether tetes of elimination snd the percentage boﬂy‘SutJon of 6-CB
elivinsted through breast silk {n humans are similar to those paraneters
observed in mics cannot be sacartsined., Elimimation through ths lectsting
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Teble 3. Tranefer of |"c)5-ca from mothevrs to nursing offepring

. "offspring®
Mothere
o Percentage
eg 6-C8/ Parcentage oL of mother's
total wg 6-CB/ total dose ng 6-CB/ ug 6-CB/ dose
Day of sacrifice carcass § carcese eliminated litter g ltter accusulated
Day 19 pregnancy 0.862 15.12 0 ——- ——- ———-
Meth ---- —-- 2.4 ——-- e 3.00°
Day § postpartus 0.1 8.5 56.8 0.345 5.3 63.2
Doy 10 postpartum  0.167 3.4 80.6 0.810 13.9 9.0
Doy 15 postpartus 0,038 0.87 9.6 0,743 11,18 06.2
Dey 20 poetpartum 0.016 0.3? 9.1 0.900 12.50 104.4

'Vlr.ln female mice pretreated with Il‘cl6~CI (spproximataly 1,25 mg/aninsl) two weeks prior to mating,

o fh o

Approximate, from FPigure 15.

Fach value vepresents the mesn of tvo carcassas.
Represents percentsge eliminated from dose remsining in mothere st Day 19 of pragnasey.
Each value reprecents the sean from the carceesee of tvo pooled Iftters,

MONS 026164




asmmary gland mey not only depend on the number of nursing offspring snd diet
of the socher, dbut sleo oo the dependence 0f a perticuler speciss on dietary
versus stored lipid for the production of milk triscylglycerol. We have
observed that parameiria: fat etores vere asignificantly deplsted 1o 20 day
postpartus mice nureing sversge sized litters. Milk fat coutent also differs
awong speciss. It has been demonstrated that humss milk conteine approxzi-
T;;:;y 4X lipids, vhersse mouse milk contains up to 13T milk fat (Jenness

We hsve recently obtained similar results following the sdministration of
3,46,9,3',4",3' ~haxachlorobiphenyl to virgin female sice (Vodicaik snd Lech
1982). .This latter compound was sequestered into storsge depots and midimal
trsneplscental passage vas observed folloving mating of these animals,
Bowvever, mothers elimtnated nesrly lOOhof their body durden to nureing
offopring, end the bulk of sliminstsd ~C activity could be accounted for apon
analysis of pooled 1itter cercasses. These dats suggest that the
pharmacokinetic behsviot observed vas not dependent on the planarity of the
PCB isomer.,

These {ovestigations vith tetrachlorobiphenyl in the reindov trout md
tvo hexachlorobiphenyl isomers 1in the mouse indicate thet once persistent PChe.
are sequestered {nto storage depots, they cen be redistributed to other
1ipid-rich tissues (milk, yolk) and thus be eliminated from the suimsl via
slternate routes. 1o both fish snd masmmals, the physiological processes
sssociasted vith reproduction offer alternative routes of alimination vhich can
significantly affect the pharmacokinetic behavior of PCBs.

The mechanisun(s) dy vhich the transfer of PCBs from storage sites in the
wother to developing cocytes {u fish or milk io mammals occurs remains
unkaown, but it {s possible that the endocrine chsnges associated vith vitel-
logenesis or the onsat and miintenance of lactation may be involved. Estrogen
and prolactin {n mamsals and setrogen in fishes are responsible for the
biochemical and physiological alterations obeerved during lactation in mawmals
and during prespavoing end spevning in fish, and have also been shown to altar
plesma lipoprotein profiles and/or turnover. Since PCBs have been shovn to
associaste vith plasma lipoproteins (Msttheve st sl. 1977, Vomschks et al.
1983), and ainca plasms lipoprotein profiles sre altered during vitellogenesis
in fish sud late pregnancy (o mammals, this phenomenon may be, in part,
responsible for the obssrved redistribution of PCBe descrided in the present
studies. In conclusiem, the physiologicel sdaptations associated vith
reproduction in both fish end mammalien species mesy profoundly slter the
distribution end elimination of salacted PCB congeners. Ve are presently
stteapting to assess the possible role of plasms lipoproteins acting as
carriers of PChe from sites of storags to the developing oocyte in fish end
mammary gilend in nammale.
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DISCUSSTION SUMMARY
M. J. Malancon

Departwment of Phermacology snd Toxicology
Medical College of W{sconsin
Milvaukee, WI 53226

DR. MELANCON: Obviously the PCB problem has related very such te the
squatic environment because this is & route by which ths PCBe hsva resched sone
humane sud tha vay the problem has come to sttention. Tha presentetion tefer-
riog in lsrge extent to ths Great Lakes fish asrlisr shovs this strong tie-in
to the sgquatic enviroument.

The explaunstion for tha disappearance of the lover chlorinated PCP con-
geners vas very intarasting snd relstes to the pattern wve are avare of thet the
lover chlorineted iscumers tend to dissppeazr. In fect, even beyond vhatevar
degrsdation cccurs in river veter, ve are avars thst many speciss of snimals
are capsble of metsbdoliting the lesser chlorinated isomers, while fish camnot
setabolize the higher chlorinsted isomers,

Zarlier we vere telking quits e bit about snslyticsl work end the signifi-
cance of PCH detarminations. In regerd to the deta from the Michigsn Conserve-~
tion Depsrement, it vould be nice {f wa could ses the stetistical eveluation.
Maybe this cen de commented on later.

Amother qusstion vhich came to my mind 19 {f the total PCBe are dropping
sowevhst, is this ectuslly a drop in PCBs in genersl or just the dissppesrance
of ths lesser chlorineted isomers: is the pattern of laomers io ths fish
chenging from vhat it was before?

We have discussed mainly the Creat Lakes this morning. What {s happening
to PCBs in other squstic aystame gscross the United Scetes? 1 know the Depsrt-
sent of the Interior has & study on the Missiselppi River (the upper Hississippi
River is s problem eres for the PCBe) and hes s nationwide testing program
vhich I believe covers a period from 1973 to 1979. Mavde someone could comment
on this lster.

Tha quantity of PCBs reaching the environment per yeer msy be less anov
becsuss of the various controls snd the decressed production of PCBe as PCBs
per ss rather than as impurities se presently. Currently, the relatively large
quantities of PCla present {n sediments say, in effect, be a sink vheredby they
ate relatively fnsctive. Oun the other hand, it may be e reservoir from vhich
{o ths future they cen keep supplying the enviroanment with PCBs even though the
amoutt of nev meterisl coming in is less. Are these sediments sinks or are
they going to be problems, ssy, in rivers becsusa they csn be stirred up et
verious times of the year, spring floods, or vhen harbors are dredged snd so
on? This {s sometbing ve have to consider for the future.

A brief comment on the second presentation, the reproduction-related PCB
radistridution vhich cen occur in vertebrates as differant ss f4sh and s=mall
wammgls. It 45 joterestiong that under normal conditions fish cannot do much to
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eliminate higher chlorinated PCB i{somars repidly (T 1/2 = 1.5 or 2 yesrs,
probably higher for the more highly chlorinated isomsrs), yst during sexusl
maturstion, egg formation and so ov, PCB fsomers cen be transferred to the egge
snd more rapidly elfminacted, 1In tha small mesmasles, che fatus does not receive
ths PCB tsomers. There vers s coupls of possible ressons given for thet, yet
during nursing thars ie¢ & transfer from the msother to the milk end to the
offepring, Presumably {f PCBe vere being given st the time that tha eggs vers
being forwed or nuraing going on, these PCBs too, might be transferred.

1f anyone wvould like to stert off the questioning nov or maka comments,
you sre velcoms to.

DR. KIMBROUGE: 1 actually have seversl quastions. UPirst of all I vould
1ike to discuss the results with the excretioos of PCBe through milk and the
relevance of thet to humsne. Of course, you cennot do these types of studies
in hunsne. So, vhet va heve primarily done {s looked et PCBPe n milk, in
sdipose tissue sud in serum, Often these samples vere not collected from the
same type of people. We ell cerry very low body burdens of PCBs and mos: vomen
vill excretes PCBs in milk, On the other hend, thars hes been the recomaends-
tion that women ought to continue svursing because of the benefits of nursing.
One reeson for doing that s thet the concentretion {n milk hes slvaye been
vary lov end aleo, inm looking at successive pregnencies end the little bdit of
dets thet we have, there does not seem to bs this tremendous mobilization {n
people, They would never rid their body burdens {8 just nureing, and es ves
slreedy pointed out, one resson is the difference in the 1ipid concentration in
uilk from different spscies. In the mouse it {s 1) percent, I think 4t {s 15
percent in tba rat, sod {n humsns it renges somevhere from coe to four percent.
1t sleo depends on where {n the nursing period you teke the milk semple, the
smount of milk thet 1s baing produced, end the grovth rete of the offspring.
Mice and rats have @& tremendous grovth rate compared to the grovth rete of en
{nfent over & vhole ysar. The period of sureing io humsns is slso much differ-
ent. 5o, therea are s lot of differences, and £f you look at the USDA date, for
instsnce, vhere there wers successive pregnancies, women produced the so-called
"eola" colored babies. There vers seversl successive pregnencies vhere the
second infent vas, 8lso, a cola colored babdy. 8o, that 1s, in a sort of o
roundsbout vay, sgein e suggestion that the women reelly don't sobilize s lot
of this materisl, and 1 ves wondering if enyone could comment om thet?

DK. SAFE: Could I make s comment on that? There is & paper out by s
group in Jepsn vhich looked st en occupstionslly exposed mother. I think it
vas pudblished in the Dulletin of Ravirossentsl Coutaminastion, sod in thse
perticular study the womsn excreted e considerable part of her body burden of
PCBs $n milk (Yekushiji et el. 1978).

DR. BELL: (Genersl Plectric). In thet study, over 16 months of lacta-
tion, the mother elimineted 75 percent of her body bdurden of PCH, and that ves
confirmed in the milk vhich vas collected snd enslyzed.

DR. VODICNIK: Wes thers eny estimate {n that study of ths smount of fat

in the mother?! Wes there & significant veight decresee? Was lipid being
nodilized?
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DR, BELL: In the peper ftself that fs not commented on, but ! understend
from other privete cooversations thet the lipid in the voman did not change
substentielly over the period of lectation. 8§o, I don't think ve ara looking
at o tranefer simply baceuss sha fo slimineting ber lipid. I think wve are
sesing s vashing out of PCP {nto her mammary glend eund then into tha milk
produced. -

DR. JASON: Casey Jeson from EZPA, Thers is one other report., -~
Wickheiser recently reported in the Americen Journal of Public Beslth of the
Michigen group of over 2000 wvomen that vare being sampled for PB3 levels vhich
ves dons for free. Thoee villing to pay had PCB levels determined also. This
vas & little over 1000 vomen, As it turmed out, it vae very intsreating. In
looking at the breast milk, PCB levels in half of the woman spprosched the
tolersnce limit of the FDA vhich wes 1.5 perts per million. BHe elso calculated
the sversge smount of bresst milk taken in by an {nfant {n an 8-wonth pariod,
in this group of wvomen. Given a 50th percentile grovth rate in the child, end
essuning thara {s no affect from enything the child 1s teking {n exogenouely
from the euvironment, this child should spprosch s ons part per sillfoo lavel
by eight monthe of age.

DR. WOLYF: Oua thing sbout the Japenese study you are talking about is
that this yoman oursed for 16 months, sn unusuelly long parfod, and it ves also
8 very large volume of bresst milk. 1In soy case, certainly ths dody burden
could have bean reduced.

! went to comment on the genarslizstion that ths lower chlorinsted
biphenyls ere not biosccumulatad. I think this {e sort of s stetistical event.
First of ell, there are not as msny ieomers among the trichlorobiphenyle that
are sppropristely substituted, snd I think that it is much more important to
concsntrate on that. Also the amount of eo~celled "sccumuletion" depends on
hov recent the exposure ves. In the people that we have looked st that vare
occupationslly exposed to the lower chlorinated biphenyls, by far the greatest
PCP congener in those people was: the trichlorobiphenyl 2,4,4'~ vhich vas aleo
the one that hsd tha highest concentretion in ths chlorobiphenyl mixture to
vhich they vers exposed.

DR, STALLING: I weuted to briefly summarizs some (nformstion thet will be
in e publicetion sometime in the not too distent future im Pesticide Monitoring
Journsl, from the monitoring of fish residues of PCBe. There sre 100 esmpling
sites in the US, and this ceuntry-wide data to some excant persllels dut to
some extant does not parallel the Lake Michigen situstion.

The occurrence of PCe eppsrently incressed between 1974 end 1978/79.
They vera found at 93 percest of tha stations ssmpled in 1974, 92 percent in
1976/77 and 98 percent ia 1978/79. Maximum concentrstions did mot changa
apprecisbly. Concentrstions epprosching 100 parts per million vet weight, and
500 microgrems per gram lipid veight vere messured ss racently as 1978, Of the
four PC) sixturas measured, that 1s Aroclors 1242, 1248, 12354 and 1260, 1254
vas most videspresd. It vas found st 84 parcent of the stetione in 1976/77, 98
- parcent {n 1928/79; residues resesdling 1260 were present at 84 percent of the
stations in 1976, 88 percent in 1978, and Aroclor 1248 was present et 39
percent of the stations 4n 1976 snd 42 percent in 1978/79. No results resesbl-
ing Aroclor 1242 were found in 1976/77, down from about 14 parcent raportad in
1973 end ebout five percent in 1974.
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DR, WEDBER: Ian Webber, RTE Corporation. Have you looked at the mets-
bolic products of PCBs either {o the environment or through snimals? The
reason that I ssked that question ves becsuse I did some vork vith ths Canadiso
Electrical Associstion on trying to eliminate PCBs from insulsting oils using
strontium 90 high-energy bets psrticles. There is s correlation betveen using
high-energy alectrons from bets perticles, from a Van de Graeff machina which
MIT did, using cobalt 60 rays vhich the Japaness triad or using a chemicsl
process like elementsl sodium, to generste electrouna.

Ia tha environment you vould teand to get . squeous attsching to the vater
and spliteing that as OB radicals snd B radicals.

My system involved PCBa in oil with {sopropanol and potsssium hydroxide.
1 found that the isopropanol acted ss s catalyst and tha potassium hydroxide
ves {nvolved in tha overall chain by producing isopropoxide radicals. The PCB
bacsne 8 radical snion vhich eliminated chlorine ss chloride snd graduslly
degraded, attaching hydrogen from ths 1isopropanol sud eventually ending up as
biphenyl. In the process though you get OH radicals. Thers is s competing
resction between the OB radicsls end R dot. Nov, the ¥ dot because of its
wobility tends to get to other radicals much faster, and tharafors you and up
vith biphenyl,

ln some of the cases, & substantisl portion of the cases, you do find that
hydroxylation hes taken place. So, the hydroxylstion then produces water
solubility of the othervise insoluble PCB, If you then look st the ofl, you
will find that you have {nteracted vith all the PCB, sud you no longer have PCH
conteined in that oil. Bowever, the wvater layer nov contains a far worse
problem than you started with bacsuse of the hydroxylated product. It can go
from that by elimfnation of BCL 1f {t {s suitedbly oriented on the PCB molecule
to produce dibenzofursns, sud them ve come back to that probles. So I dropped
thst work because of the generation of dibenzofurans snd & vorse probles then I
started with.

DR, MOOLENAAR: Your question relsted, I think, to the products of
degradation of PCBs in the environment, snd I think you ssv from the telk that
we have studied {n soma detsil tha products that night be produced, intermediate
products in the biodegredstion by microorganisms of cholorobiphenyls,

Not only have we dome that, but the University of Michigan vorkers have e
vell, and a conaistent picture emerges that really the only {solatable inter-
ped{ates are the chlorobenzoic acids vhich then degrade further.

1f one thinks of the degradation of these materials {n the atmosphere
vhich {a probably initisted by OH attack, you vould axpect ths same sort of a
degradation pattern for thess materials ss you see for hydrocarbons in genersl,
snd indeed in the Appladby experiment from several years sgo thay did nots some
aldehydes and so oo as intermediste degrsdation products in that study, but
most of those, of course, are also subject to OH gttack. You vould expect the
progression of degradation similar to what you see for hydrocsrbons that enter
the stmosphere.

In teros of wvater degradstion {avolving free radicals, this has been a
subject or some sthdy over tne last fev yeurs, but as far ss I knov in most
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ceses this voute of degradation is not very i{amportent from an environmentsl
point of viev for snything that has s helf 1ifs of lass than one yesr or so,
Although the {ndividual vresctions may de fast, the concentrstions of radicels
in tha wster phese is very lov, end so they do not seea to be very fmportant
resctions from en environpental point of viev. I would be very surprised if
you would sea much of thet going on with the chlorobiphanyls in a weter system.

You ment{onad the hydroxylation of the chlorobiphenyl, If that wars to
oceur, forming o cospound which is nov hydroxylated, ve have increassd the
vatsr solubility quite & bit, end those kinds of materiele are knowvn to be
feirly biodagredable. The phenols end the phenyl substituted phencls are
fairly vepidly bilodegreded, much mors rapidly even than ths chlorobenzoic acids
themselves. 5o, {f hydroxylation vere to occur 1 vould expect them to degrede
repidly vie the microbiel procass.

DR, VODICNIK: I would like to make s comment on your data vith the chud
fn Lake Michigan. 1 believe it shoved tha concentration of PCBe decreasing
ovar & 6ix or seven-year period. I think depending on the way the snimal vas
exposed one hes to consider in any expresaion of biosccumulation the groweh of
the animal, 1 don't knov vhat the growth rate of ths chud 1s, but if the
snimsl, for example, vas exposad to & spill and sccumulated s good desl of PCRs
and then grev theres would not be en elimination of tha PCP from ths snimsl.
Thers would just be e dilution. So, vhile the concentration im sny particulsr
tiesue might have decreseed, the smount in the animsl may not have dacreesed.

However, looking at it from the other sense vhere you ses the decresse in
concentretion, it could rslate to the spawning data suggesting that again the
PCBs sre being diluted out. A rsinbow trout is cepable of spawvning up to
10,000 egge. If there is s significent smount in the eggs and that PCB is
reteined by the offspring there could be that dilutiou effect egain. So, you
B8y not be getting a decreass of PCB in the biomass, dut you are getting &
decrease in the coucentration {n any particulsr evimal.

DR. MOOLENAAR: Thenk you for thet comment. I think your point is well
teken and that {¢ the very resson vhy I think the State of Michigan biologists
and those thet work ia the other laborstory that is iuvolved have selected the
chudb as their test species. These are small fish, are relatively short-lived,
and the sampling times, locetions snd the size of tha fish taken and so on vere
sll carefully selected with these kinds of parsmetars io mind becesuse they
vanted to get a trus Treprasentation of whst they thought the fish population
vas doing as & function of time in the lake. All of these factors vere care-
fully snelyzed, and the biologists there feel that thay are truly getting s
vepresentative sssple of what would be expscted to be occurring as & function
of time im Lake Michigen.

DR. KIMBROUGE: I have s comment end & question. As far ss nursing aad
the nursing perfiod in humans is concerned, from telephone colls that I get it
{s not unususl in the United States sov that wosen will nurse for 16 months te
tvo years. Dr, Moolenear, you briefly mentioned in passing that there vas s
dtfference In-the biodegradacion of different isomers, end I vas wondering if
you could comment on that a little dit mors, Is that the save as ve find with
setabolism, sud vhich are the isomers that ers the most persistent?
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DR. MOOLENAAR: In regerd to your question on the biodegrsdsbility of the
different fsowers, I don’'t recall all of thst information in the litersture
precisely, but it is my general {mpreséion thet the pettern you see {n mammalian
systems of degradability vhen you have sdjscent carbons vithout chlorines i
vhat you see in microbial systems, and 90 I believe the pattern there is fairly
consistent,

DR. SAFE: I would like to mske one cowment sbout biosccumulation., We
publiehed a study s eouple of years ago in wvhich ve used f{ive hexachloro-
biphenyls, nons of vhich had tvo sdjacent unsubstitutsd carbons. They vere
hexachlorobiphenyls, so they vere relatively noumetebolizable, and they sll had
chlorines on the /4 positions of both rings. These sre chemicals you vould
look at and say, "They are not going to be metabolized very quickly.” The
difference {a the five isomers wss—in-theisdegree—of ortho-subetitutton, and
in a sense as we decreess ortho-substitution, wve tend to incresse toxicity. la
that study, which vas a very preliminary 30-day study, ve used five different
species of animsle. The animals that preferentially bioconcentrated the planar
or lover ortho-substituted {somers vere the animals more susceptidle to PCH
toxicity. Por exsmple, in the quail snd {n the guines pig there was a very
high concentration of the highly toxie 3,4,5,3'4'-5"-baxachlorobiphenyl end tn
the quail the funny thing sbout it ie that it vse the ouly compound of the five
that vas left. .

If you look st the rat, the fish end the radbit, the five isomars vere
present in sbout equal concentracione. There seems to be another factor not
sssociated vith metsdbolism but associsted with shape snd of course, shape of
the molecule {9 associsted vith toxicity. 8o, that is avother factor thst one
has to consider, snd it s species dependent.

DR, BROOKS: Ronsld Brooke, G.E. Regarding the comment of the parsllel
correlstion betveen microbial degrsdation and msmmalisn, I think it {s import-
ant to remember that in microbial systems, tha literature is not very extensive
regstrding specific isomeres challenged vith either mixed or pure cultures.
Secondly, in those cases vhere there have deen, rates have not bdeen g primary
conceru, What has been a concern i{s vhether the molecule degraded st sll and
whether there vere metasbolites produced. Finally, it is important to remember
that it has not yet been established that all fsomers enter into or sre eveil-~
able for sicrobial degrsdetion and so with the microbial system you have to
vorry about both solubility and transport and the presence of a suitable
activity in the orgenisms. Of the 33 fsomers vhich have been examined there is
noticeable difference smong various streime of bacteris, so that in order to
nake some specific statement additional vork hss to be doue.

DR. MOOLENAAR: That is sn excellent comment, snd I think it {s really
good that in our fi{rst presentation this morming ve hesrd of the vork going on
fn the analytical area to better determine these individual iscmers. That has
really been s holdup in & lot of the studies thst have been done over the yesrs
that ve really have not bees able to distinguish these isomers analytically,
snd 1 think you knmow, the resl challenge {a better understanding the science of
.these chlorobiphenyls {n the future is going to de in that ares.

DR. TOTH: My .osme is Jlason Toth with EPA. I vent to direct one comment
to Dr. Vodicnik. 1 found your deta vith respect to the study on the trsnsfer
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and sccumulation of PCBe {n offepring of msternsl mouse noteworthy, {f not
resarkable vith respect to the tmplications for humsn populations. I am
wondering 1f the cooditi{ouns under which the original deposition of PCBs in tha
mstarnal mouss occurred {nfluenced the quantity of the PCBs that vere liberated
and sccumulatad in the mammary gland and subsequestly trsnsferred to the
offepring? 1a othar vords, is this phenomsns independent of tha fact of the
msternal mouss, for inmstsnce, being exposed, say, tvo, three yesrs prior to
giving birth, versus perhaps ounly 60 days prior to thaet?

DR. VODICNIK: It is avfully hard to expose s mouse thres years before
giving birch, but I understend your poimt,

Just looking st the dsts ve have, comparing pregnsnt animsls snd virgin
snimsls you can ses thst in ths first tvo vseks there vas still some
redistridbution of tha PCB occurrimg. If 1 vare to repest that experiment nov [
would probably wait st least one sonth for redistribution of the chemicsl. ]
Hovever, vhen we looked at 3,4,5,3',4',5'-hexachlorobiphenyl ve did study those
snimals for up to four months prior to mating, and vhat ve sav there ves sgain
sbout one mouth to six veeks of redistribution and than no further elimimstion
from tissues in virgin wice and sgsin the same results that we ssv vith 2,4,5,2',-
4',5'=hexachlorobiphenyl,

I think, slso, ths fact that thers ves no significant difference betveen
virgin and pregnant saimsls suggests that during those esrly phasas of preg-
nancy I don't think vhat ve eaw ves su artifact of when the cowmpound wee
adninistered because there vere no differences st that poist.

DR. TOTB: 1If you vere to make & prediction vith respect to lasctating
human mothers, intuitively you vould be inclined to ssy that {f they had
sccumulated and deposited their PCBs sometime prior to pregnency you would not
expect thes to be libersting similar percentsges of those gquantities, vould
you, at all?

DR. VODICNIK: ! would mot expect similar percentsges, and thies vas
brought up esrlier, becsuse of the percentage of fat in rodent versus human
milk, becsuse of the species differences in dietary versus stored Lipid for the
syothesis of milk triglyceride, because of litter size and because of growth
tete of the offspring. I would tot expect those valuee to be anyvhere near
vhat ve heve seen in the moues,

SMMMARY: Although levels of the lesser chloricated PCBs sppesr to be
decreasing, it is not clsar that this {s the case with the more stable, highly
chlorinsted PCBs, Because of the videspresd distribution of PChs, thair
prasence in bumsn tissues snd thair transfsr from mother to infent vie lacta-
tion it seems advissble te continue monitoring for PCBs and to invastigate more
fully possible effects of PCBs on the developing infant.
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CRAPTER &
EXPOSURE STUDIES - INDUSTRIAL PROCESSES

Pravious chepters heve dealt vith {ssues surrounding commercially-produced
PCB (9.g., Aroclore). Hodges et al, presect the very complex technical
problems sssocisted vith the detection and quantification of trace level PCB
generated as {ncidental products of highly diverse chemical processes. The
pattern of PCB thus produced relstes to the specific commercial process under
{nvestigation. Attempts at identification of these PCB by compsrisons to
Aroclora are of little velue. Seversl possible solutions to this dilemna ere
suggested together with their technical limitations. The discuesion summery
slaborates on the problams of differential matrices in vhich PCB must be
identified, the presance of many interfering substances, and the basis for the
S0 ppm regulstory limit, o addition to the issues of limits of detection asud
quentification, fe the difficulty associsted vith analyzing 209 potential ?C3
conganers whose total qusntity csennot, by lav, exceed 50 ppm. The paper
concludes with an overviev of the total {ncidentsl PCH produced per year
(13,800 1bds) by 135 chemical processes, and their fate in terms of disposel or
evcspsulation {n masnufsctured products,
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EXPOSURE STUDIES RELATING TO INDUSTRIAL PROCESSES CONTAINING INCIDENTAL PCB
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Three topics are discussed: (1) Techniquas for the estimstion of PCB
{ncidentally formed in chemical processes, (2) the potentisl for worker
exposure, (3) the potential for environmental relesse and (4) the relative
{mportance of thet release, compsred to existing environmental pools of PCB,
The first topic {» emphasized, but a Chemical Manufacturers Association survey
thst covers the other three topics is also summarized.

TECHNIQUES FOR THE ESTIMATION OF INCIDENTAL ?CB

The folloving is e quote fros "Recommendatioms for Improving the Reli-
ability and Acceptability of Anslytical Chemical Dats Used for Public Purposes”
by L. B. Rogers, et. al,, vho represent am Ad Hoc Subcommittee (of the Joint
Board/Council Committes of Science of the American Chemical Society), desling
:1:5 ;ho Scientific Aspects of Regulstory Measurement (Rogers at al. No

ate.

"Anslyticel chemical data are centrsl to governmental and
industriel decisions relevant to regulations that can have
far-resching {mpacts on society. When ths results of chemical
anslysis are used for s regulatory purpose, the informstiom
must oot ouly be reliable and creditable from a scientific
point of viev, Dut must also be expressed in terms chat the
general public can understand sod sccept. The demands placed
on reliability and creditability are especially great decause
the general public {s likely to encounter chemical dats in &
contentious situation vhere it has no basis for determining
the true state of sffairs. Analytical chemists must slways
sephasize to the public that the single, most important
characteristic of any analytical chemical result obtained is an
adequate statement of its uncertainty interval. It is critical
that the pudblic eppreciste the existence and nature of uncertainty
in scientific messurements."

Anslyticsl Messurements "As Chlorinated Biphenvls" ve "As Aroclors”

The degree of uncertainty associated vith PCB anslysis as Aroclors has
been discussed extensively in the literature over the past fifteen years.
Hovever, the uncertainty {n measuring (ncidentsl PCB, or son~-Aroclor resembling
PCB, in chemical process stresms has ouly recently been described. Basically,
this i{s because the snalyticsl science sssocisted vith {ncidental PCB {s only
2-1/2 years old. This paper represents the first atteapts by industrisl
snalytical chemiste to quantitate these species.

fhe focus of this paper 4is on the detection, identification and messure-
ment of chlorineted biphenyls {n the cowmplex smatrices of chemical production
process stresms, vhere these substances occur as contsminents messured in
parts-per-aillion. The analytical problems in process stresm snalysis are
siguificantly more complex than the problem of snalyzing for Aroclor fluids
and similar PCB products in environmentsl ssmples, biological fluids end
transforwer-oils,
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One to ten chlorine stems can be attsched to & biphenyl moleculs, thus
creating ten chlorobiphenyl "homologs." While the term homolog is usually
applied to the description of en aliphatic hydrocsrbon series, {ts use through-
out this paper demotes the homology of chlorine in the chlorobipheoyl series.
Hence, vhen ve refer to 4 howolog class, ve will be talking about a given
degree of chlorination. Thera are a totsl of 209 possible congeners smong the
ten homologs as shown here (Table 1). Recognition of the fact that chlocrobi-
phenyls sre actuslly 209 individual, identifisble, chemical compounds s
important because virtually every compound has different chemical and/or
physical properties. The problems in anslyzing chlorobiphenyls from procsss
stresms can therefore fnvolve the detection, identification, sud quantitation
of ons to 209 separste chemicsl substances.

In the U. §., the principsl manufscturer produced s specified serisa of
these mixtures under the trede nase Aroclor flutds. EZach of these fluids {a
estimated to contsin up to 60 different chlorobiphenyl congeners. Because
sach of these fluids vas wanufactured under carefully controlled conditions by
the direct chlorinstion of biphenyl, the unumber, {dentity, and concentration
of congeners {n esch Aroclor fluid vas very coneistant, When one speaks of
PCB, the (mage generally created is that of one or more of these Aroclor
fluids,

The minute smount of chlorinsted biphenyls generated during routine
chemical manufacturing does not produce "Aroclor” fluide. This fact is of
extreme importsnce vhen considering i{ssues of detection, fdentifi{cation, and
quantitstion. When chlorinated biphenyl occurs in s sernal chemical process,
it does not naceaserily result from the chlorinatfon of biphenyl. Incidental
generstion of chlorobiphenyls occurs through different sets of resction
wechsnisud and coneaquently, produces s different congener mix of chlore-
biphenyl subetances,

These processes wey produce a single congener, & serfes of specific
isomers vithin a given homolog class, or s randos mix of various congeners,
but none are the same as the pattern produced in Aroclor fluid asnufscture.

The capillsry chromatogram shovs {n Fi{gure | showe the separation of a
series of trace level chlorinsted biphenyls which ware isolated from a
chesical process stream gfter veeks of intensive analytical effort. The major
component elucing at 31.8 minutes is equivalent to ) ppm based on the originsl
sample. The chromstographic profile sppeare cto have many of the chsracter-
1stice of sn Aroclor fluid; however, closer observstion shows that only two or
three of the components bave common retention indices. Afrer GC/MS confirmas-
tion, it ves lesrned that all 26 rssolved components wera isomers of the same
homolog class.

The chemical manufscturing situations vhich generate these minute quanti-
ties of chlorinate biphenyls are extremely diverse, and the type and quantity
of congeners produced are unique to each process., At least 4] different
chemical resctions ere known vhich lesd to the generstion of chlorobiphenyls,
of vhich direct chlorination of biphenyl is only one. It is {mportent to nota
that congeners vhich do not occur (or have not bdeen observed) in the direct
chlorination 6f biphenyl (£ a., Aroclor fluid mavufecture), can and do occur,
and have bean observed in chlorobiphanyl incidental gensration.
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Table

1. Dtetribution Of Chlorine Among Possible PCB Cougeners

Chlorine Atoms on Ring A

1 2 3 4 L)
Congeners

0 3 6 6 3 1

Chlorine 1 6 18 18 9 3
Atoms 2 21 36 18 6
on 3 2l 18 6
Riog [} 6 3
3 5 - — — — A

Totals 9 ¢ 45 ¢ 81 + 54 ¢+ 20 =209
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A
28 30 h ¥ 36 36

Figure 1. Cspillary chromatogram of 26 PCB homoloeg isomers isolated
from s chesicsl sanufacturing process streaa. )
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Scatus of the Identification of Chlorobiphenvl Congeners

The identification of chlorobiphenyl congeners has been the subject of
extensive research. Almost all ressarch on {somer idantification has baen
based on analysis of Aroclor fluids., For example, Webd and McCall (1972)
ssparsted component isomers from Aroclor fluide by preparative gas chroma-
tography and identified them by compsrison with synthetic materisls, using
both GC retention times snd infrared spectrs.

Si{ssons and Welti (1971) characterised the msjor constituents of Aroclor
1254 by proton magnetic resonsnce and mass spectrometry after previous separs-
tions by gas chromatography,

Pellizzart et al. (1981) identified 73 PCB congeners in & mixture of
Arocler 1016, 1254 end 1260 fluids using capillary gas chromstography vith
electron cespture detection. Confirmation was obtained using capillary ges
chromstogrephy/nagative chemical ionization mase spectromstry. Albro at al.
(1977, 1979, 1981) provided charscterizations of Aroclor fluids using capil-
lary gas chromatography. In Aroclor flutde 1248, 1254 and 1260, they found
110 congenars and were able to {dentify 106, based on method of co-chromatog-
rophy (coincidence cof retention indicas) using 45 evailable standards and
"best fit" matching of suwmed half {ndices. Further confirmation of identi-
fication vas obtsined by separating the Aroclor fluid imto fractions contsin-
ing four, three, or lees than three ortho-substitutad chlorine by adbsorptionm
on chercoal, ss deecribed by Jensen and Sundstrom.

Albro at al. found that the retention behavior of chlorobiphenyl
congeners in Aroclor fluids {s sufficiently different for different liquid
phases that one can generally find s phase capable of resolving any given
{somer pair. Albro and covorkers have demonstrated s technique vhich holds
promise for successful solution of one key problem in chlorobiphenyl asnalysis:
The successful resolution of all isomer mixtures into their individual
components and by providing a catalogue of 135 ccngener ratention indices on &
veriety of columns, snd by predicting the retention indices of the remaining
congeners. Hovever, Albro varns the users of this technique that further
confirmation studies using IR end MMR with known stendards is still necesssry.
This comment {s particularly appropriste for those congeners which have never
besn identified in Aroclor fluids, but which can and do occur in process
streams,

little has been published in the litersture concerning the isolation and
charscterization of incidentslly genersted chlorediphenvls, perhaps due to the
fact that incidental chlorobiphenyl congeners are present in process stTeams
st levels belov 10 ppm and, in many cases, less than 1l ppm. Aroclor charscter-
{zations, on the other hand, have dealt vith congeners present at the percent
level with no mstrix.

The techaiques required for the concentration, resolution snd isolstion
" of the 26 howolog Lsemers showe earlier are typicsl of the sophisticated vork
elfort required to charactarize incidantal chlorebiphenyls in some process
stresms.
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First, vacuum fractional dist{llation of kilogram quantities of process
sample {s required to concentrste the chlorobiphenyls. Second, the sample
matrix 19 separated from the chlorobiphenyls by first s macro~scals absorbent
column veing sluwina, silica gel, Tlorisfl or a combination of these, and then
sfter concentration, & micro-polishing cleanup 1is needed. High pressure
11quid chromstography 1s¢ theo used to separate and isolate the indi{viduel
chlorob{phenyl congeners for subsequent identification by i{nfrered and nuclesr
asgnetic resonance spectroscopy.

Individual chlorobiphenyl isomer resolution for all wmembers of a homolog
class cannot generally be obtained, even on chromstographic systems with more
then 30,000 theoretical plates. Therefore, spectroscopic confirmation {s
often difficult in the sbsence of standards.

The problem of specific {sower identification has relevance to both the
analysis of chlorobiphenyl {n environmental ssmples (vhere the contamination
may have occurred from Aroclor or similar type fluids) as well as the analysis
of chemical process stresms. Pattern recognition methods sre based on the
identification of s specific Aroclor fluid from the "pattern” of cougeners
obsarved, and then analyzing the envircumental sasple as if it contained such
s fluid. Hovever, it has been shown that the enviroument changes the pattern,
that the toxicity of specific {sowers varies, and that such short—gut methods
do ngt shov the presence or absence of tha toxic components (Albro et al.
1979).

Whils the Aroclor fluids have been quite thoroughly charscterized, the
current state-of-the-art is not sufficiently developed to permit positive
1dentification of the possible 209 congeners vhich might be present in s
chemical process stream at the lov ppn levels. Systematically, this can be
sttributed to the fact that only eighty chlorobiphenyl congeners are avsiladle
commercially (Ultrs Scientific, Inec.). 1In addition, the vork effort required

to separate, isolate end identify the quantities of chlorobiphenyls present in

chemical process streams is ovders of magnitude more complex than Aroclor
characterizationa.

Reasonable scientific evidence, hovever, i{s developing for spproximately
135 congenar identificatious based on the co-chromatography spproach of Albro.
Succinetly stated, given the current state-of-the-art, the quantity of chloro~
biphenyls cannot be deterzined unlees the congeners present can be {dentified,
and & known standard for each congener exists to calidbrate the instrument.

Anilyt!cal Methods for Chlorobiphenvl Detection, Identification
and Quaatitation ere Limited

All spplicable methods sre based on some forwm of instrumental anslysis.
Instrumentsl methods capsble of detecting chlorobiphenyls are elso applicable
to their quantitative messurement vith varying degrees of pracision and
sccurecy.

Current knows tnstrumentsl methods with some degree of applicadility to
detection of chlorobiphenyls ars:
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Ultreviolet Spectroscopy;

Infrared Spectroscopy:

Nuclesr Magnetic Resonance Spectroscopy;
High Pressure Liquid Chromatography;

Gas Chromatography: snd )

Mass Spectrometry.

Ultrsviolet, iofrared, snd nuclesr msgnetic resonance spectroscopy lack
tha sslactivity and sensitivity to messure chlorobiphenyl in the parts-per-
sillion renge of intasrsst in most chemicsl process stresms. Some studies hava
bssn mads on high prassure liquid chromatogrsphy mathods, but the primery
1imitation s the lack of a detsctor vhich 1s selective, and nond{scriminating
for chlorobiphenyls. Only gas chromatography and mess apectrometry havs
denonstreted sufficient selectivity and detection sensitivity to be applicable
to chlorobiphenyl messurament im ppm concentration ranges.

Anslyticsl msthod development for chlorinated biphenyl snalysis must be
cognizant of criteris other than the bdest suited inscrumental technique.

Anglyticsl methods have tvo types of charscteristice (Bandsl et al. 1981)
= scientific end practical. The scientific cherecteristics determine the
relisbility of the enslytical deta: tha practical charactaristice determine the
utility of the method, The scientific sttridutes of a method include such
things as sccurscy, precision, specificity, and limit of reliable messurement;
thse precticsl sttributes include cost of performance, time required, snd level
or training needed. For resesrch purposes, the practicsl sspacts sre of
secondary considerstion; for regulatory operations of complisnce and surveillsnce,
practicality is of grest importance, Littls enforcement is possidble using a
pethod vhich turns out one snelyticsl value per day!

This {s one ares vhere industrial snaly:ical chemistry and regulatory
surveillance has a strong common imterest. Industry demsnds rapid, accurste
snslytical numbers to control processes send approve shipments of product.
Regulatory surveillance is considerably more relisble and effective {f the
dats can be genersted using & simpla, repid eneslytical method.

Quantitstive Anslysis of Chlorobiphenvyls in Process Streses (LOD snd LOQ)

Given the detsction and tdentification of one or more chlorobiphenyl
{somers, one can then proceed to messura the smount present. Instrumventsl
methods spplicable to detection sre generally applicable to quantitation of
the substance, except thet & nev series of techuicsl problems i3 then
sncountered. Ousntitstion must deal vith the liwit of detection (LOD) of the
detector, changes in the sensitivity of the detection mechanism to changes in
concentration of s chlorodiphsnyl congener (linearity), varistion {n detector
response betveen one chlorobiphenyl and snother (discriaminstion), veriation {n
the analysis as performed from dsy to desy, (precision) ss vell as the influence
. of the ssmple matrix on detector response interference, Tecovery).

Certsin terms, Limit of Detection (LOD) and Limit of Quantitstion (LOQ),

teed to be dofinad in order to estsblish s common basis for discussion of
these {ssues of detectsbility and quantitation.
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Lach detactor generates s beckground electrical output signel vhich {e
the suw of eslectronic and chemicel nofse. This beckground signal is not
constant, but veriss slightly over time. The electrical ‘signsl generated dy o
substence to be messured must ba grestar than this veriastion fn background
signal by e specified amount in order to be sure that vhat is observed {s
truly ¢ messurement of & substance snd not & rendom variation in ths back-
ground signsl., The LOD {s therefore dafined se & eignal which s et least
thres times ths background signsl-to-noiae ratio.

The second term to ba definad 4s the LOQ. The LOQ {s dafined as the
quentity of s substance vhich must ba presented to s detector in the pressuce
of & sample matrix to schisve 8 signal vhich {s ten times ths detector signel-
to-noiss retio. This concentration represents en emount vhich can be ralisdly
nesoured snd reproduced {f ths samples vere anslysed by msny different
laboratories. The LOQ definition states thet signels lass than this magnitude
cannot ralisbly be usad to messure the quantity of a eubstance, much lees
regulats it, The importance of these terms cennot be overemphssized in ests-
blishing not only creditsble anslytical sethods, but slso creditsble regule-
tory limits. . . .

Let's exanine for ¢ minute vhat industrial sunalyticsl chemists have been -
trying to sttain in terms of LOQ over the pesat 2-1/2 yeare to ensurs regu-
lstory compliience at 50 ppm totsl incidentel PCB. We must measure the presenca
of 209 individusl chemicel species and detersine $f the sum of thees messure-
sents {s less than 50 ppm. The LOQ therefore for each congener smust be 50 ppm
divided by the potentisl 209 congeners or 0.24 ppm per congener. Tha limit of
detection thep muat bs 0.24 pps divided by 3.33 or 72 ppdb per congener to have
s creditable analytical method.

This {s preasently unstteissble. In the past, socio-politicel and/or
toxicological cousiderations have sometimes led to s parceived need to have
regulstory limits that are lass than the current LOD., This occure vhen
exceedingly small concentrations sre considered to ba dangerous, constituting
considersble risk to human health.

Io such s situstion, the regulatory limit {s usually set ot the detection
limit, 3s hae been done as su out-grovth of the vell-knowvn Deleney smendment.
Howvever, there are poverful scientific ressons for satting a regulstory limit
not only sbove zero. but also "ressonably” far sbove the detection limie.
Tirst, it is impossible to prove scientificslly the sbsence of any given
chemicsl species. The bast thet can be sccomplished by the messurement pro-
cess 18 te establish s limit below which the snelyticel error is unacceptably
large. Second, spsrt from the messuresent limitation, it {» {mpossible in
principle to echieve & state of cowplete purity for sny sample. Third, it s
extremely difficult to make relisble messurements, and especislly so at the
trece level., PFourth, one should note that enslyticsl methods have been
iaproving (epé will undoubtedly continue to improve) iv selectivity and {v
resching lower limits of detection so that s concentretion thet is belov the

imit todsy may be above it tomorrov. Hence, when ths regulatory limit is set
equsl to, or just edove, s current limit of detection, the timing of the
anslyses relstive to that of reguletory enforcement introduces yst snother
uncerteinty. Therefore, one must recogoize the compelling sciestific ressons
to establish s reguletory limit sbove the detection lisit end to define
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scceptabla enalyticsl risks (i.s.,, the documentation of false positive/
negatives, as vell as "statisticsl” errors).

Electron Capture Detactors

Although ges chromatography in conjunction vith slactron capture detection
is the most videly sccepted technique in use today for the determination of
polychlorinsted biphenyls, it 1s s technique which s more applicsble to the
determination of Aroclor fluid type materisls than to thoss chlorobiphenyls
vhich ere likely to form in various types of chemical processes. The predict-
sble {somer patterns of the different Aroclor fluids or their mixtures makes
recognition of their presence in s sssple relstively eaasy. 1ln addition, the
various Aroclor fluide are still readily available for use as stendards and
detectable concentretions as lov ss 2 u/g/L (or spproximately 2 ppb) have besn
reported (Delfino end Easty 1979, Williasms and Benoit 1979) for such divarse
sanples as peper nill effluents and household products. Lovest detectable
concentretions in eamples such as transformer oils (Ogata st al. 1977) sppear
to be 1 ppa,

Besides being sensitive to chlorobiphenyls, the electron capture detector
10 sleo sensitive to chloronsphthalenes, chloroterphenyls and chlorophenylethars
se vall as sulfur compounds, sll of vhich may elute vith the verious Aroclor
groups (Kapils end Ave 1977, Armour and Burke 1971). While this presents
problems in the snalysis of samples for Aroclor compounds, it is s much more
serious problem in the anslysis of chemical process stress semples for chloro-
biphenyls since those formed in any given chemical process do not exhibit che
psttern of fsomer distribution profiles shown by the various Aroclor fluide,

The capillary chromatogram st the fsr left of Figure 2 represents-the
equivelent of | ng of Aroclor 1242 {n hexane vhich, relative to a ssmple
preparation scheme, could equate to SO ppm. The identification, if this vers
8 sesple extract, vould be unequivocsl, The middle chromatogram represents
three ng's, 1| vg esch, of the three monochlorobiphanyl isomers, and the
chromstogrem at the far right represencs | ng or the equivalent of 50 ppa, of
) chlorobiphenyl. This effect of losing the chromatographic profile of PCB
mokes chlorobiphenyl identification snd quentitation very difficult using
electron cepture detection and consequently, the limita of detection for
incidental PCD measuremant are tvo or three orders of sasguitude higher.

In sddition, there s a high probabiliry that nonchlorobiphenyl
components {u & process stresam sample wvould elute within the chlorobiphenyl
retention time region. This mskes it virtually iampossidle to say, with any
degree of cartainty, vhich chromstographic peaks reapresent resl
chlorobiphenyls snd vhich represent nonchlorobiphanyl interferences.

The sensitivity end LOD of the electron capture detector varies over a
tremendous range from howolog to howolog sud from isomer to isomer vithin
homolog. The range of the variab{lity fs {llustrated in Table 2 from
Hutzinger's book, "The Chamisgry of PCB's."

Note that the melar response of decachlorobiphenyl {s 7,000 times greater
then the response to the same molar concentration of 3-chlorobiphenyl. Note
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Aroclor 1242, CLGZ response (electron capture)

CLO2

1 ng Aroclor 1242 1 ng each CLOZ l1ng CLG2

o

0 5 10 15 20 23 30

Figure 2. Electron capture response of monochlorobiphenvis
vs. Aroclor 1242.
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Table 2. Relstive Molsr Responses of Electron-Capture
Detectors to Some Chlorobiphenyls

Relative Molar

Response
2- 1.00
3= 0.20
b~ : 1.10
2,2'-0t $.16
2.‘-0! 17.?
2,6-01 32.0
3,3'-04 6.10
3,6-D4 15.2
4,4'-D4 5.97
2,4,4'-T1¢ 138
2-2.-""'tﬁtfl 106
2,2',6,8'-Tetra 20,6
3,3',4,4'<Tetrs 396
3,3',5,5"-Tatrs 320
2,3,4,5-Teatra 367
2,3,5,6-Tetra 259
2,2',4,4°,6,6'-Hexa 347
3,3 ,4,4',5,5" ~Hexa . 726
2,2',3,3",4,4',6,6'-Octa 1,180
2,2'3,%,5,5',6,6'-0cta 1,150
Deca 1,410

148

MONS 026189




aleo the difference {n response betveen the isomers of the tetrachloro homolog,
vhich vary by s factor of 20 for the seme molar quantity of chlorobiphenyl,
The full renge of this variation {s not knovn since the absence of standards
hae prevented resesrch on the fssues. The importance of the variation ia
electron capture response sust be clearly understood. lor {ncidencal PC3
quantitation, sach congener in the process sample wust be completely cherasc-
terized, and & otsnderd of the charscterized congener must be availadle in
suitable purity for calibration either by purchase or by synthesis. In
sdditrion, the chlorinated biphenyl congener must be completely separated
chromatographically before being presented to the detector or coeluting
{somers nsy generate large false positives or nagatives.

At the present time, only 80 of the possidble 209 chlorobiphenyl tsomers
sre commercially available, (Ultra Scientific, Ine.) making the celibrstion
procedure almost hopeless becsuses of the diversity of respones ssong the
individual {momers with this detector. This factor, together wvith the coelu-
tion of unknowvn {nterferences, acts to preclude the uss of the electron
capture detector for the quantitative snalysis of process and wvaste strese
samples for incidental generated chlorobiphenyls.

In some specific instances, {t mey be possidle to calibrate an electron
capture detector-bssed snslysis procedure vith & sass spectromster for s
specific process otress. Hovever, it cam be expectad that both the number sud
asount of chlorobipbenyl isomers im a process streem can change as process
conditions very over time, thus calling into question the sccuracy of the
calibration performed. Frequent recalibration vith & mase spectrometer would
be necessary.

Finally, one additionsl factor mskes use of the electron capture detector
difficult in most process stresm snalyses. The detector response is extresely
sensitive to chlorine containing compounds, wvhich 1s the basis for is utilicty
in chlorobiphenyl anslysis. Hovever, vhen chlorobiphenyl is formed in proccss
streams, the matrix is ususlly orgeno-chlorine compounds. Since the chlorobi-
phenyl is present in ppm levels, s suitsble sample clesoup is generslly
neaded.

Perchlorination as a Chlorobipheny]l Analveis Sample Preparation Procedure

Since chlorobiphenyl mixtures coutain many chlorobiphenyl {somers which
are difficult to {dentify snd snalyze, & procedure called perchlorination vas
developed to snalyze low concentrations of Aroclor fluids. The perchlorina-
tion procedure reacts the lower chlorinated homologs and isomers with sntimony
pentachloride, IBCI’. to form the single compound decachlorobiphenyl (DCB)
(Berg et sl. 1972).° The smount of DCB so formed is then determined by gas
chromstography. This procedure was developed a3 8 mesns of lovaring the
snalytical LOD vhen enslyzing for trace quantities of Aroclor fluids in
suvironmentsl samples. In thesté instences, the typical Aroclor fluid gas
chromatographic pstters may be recognizable, but the concentration is too low
for accurate quantitation. Convarsien of all the chlorobiphenyl isomers into
DCH permits the messurement of a single pesk and the use of s known high
purity and resdily svailsbls standard. Perehlorination does not, however,
yield any dats regarding the concentratiod or distridbution of specific chloro-
biphenyl isomers.
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1o spplving the perchlorination reaction to the snelvsis of Aroclor
fluids, various researchers obsarvad that the method could yleld erroneocus
results (Armour 1973, Stratton st sl. 1979, Trotter and Young 1975), While
the specified resction conditions yielded 90-100 percent conversiouns of
Aroclor 1254 to DCD, conversions of only 30-70 parcent wers obtained for
Aroclor 1242, Higher resction temperstures resulted {n poor recovery of the
sono- snd di- substituted isomers due to the eppsrent inetability of thess
spscies at the higher tempersture.

Perchlorinstion techniques {n generel are not spplicable for chloro-
biphenyls in process streass due to serious interferences vhich generste false
positives,

Positive interference in the perchlorination procedures srises from the
presence of biphenyl, nsphthslene or chlorinated nsphthalene in ths ssmple,
Process straans can contsin thess and other potentisl interfering orgenic
compounds. Biphenyl snd nsphthalene are for example, heat transfer sgants
used in industrisl hest exchange equipment, and sre, tharefore, s potentisl
contaminsnt in process stresms (Tindell end Wininger 1980, Burkhard and
Armstrong 1981),

In eddition, polychlorobentenes pressnt io some process stregms cen
condense in the presence of antimony pentschloride to maks chlorobiphenyls
vhich 1n turn would be chlorinsted, resulting in felse positives.

Electroconductivity Datector

The electroconductivity (Hall) detector opersting in the chloride mode,
haes slso bean used in the gas chromatographic enazlysis of chlorobiphenyls, but
to 8 far lesser extent (Sswyer 1978e,b, Mindrup 1979). In contrsst to normal
operation, the detector furnace must be at tampareturss sbove 820°C (Dolen et
81, 1972) or even as high ss 1100°C (PPG Ind., Inc.) to effect the pyrolysis
of chlorinsted biphenyla. The detector responds specifically to chlorine
contsining compounds and hes e greater degree of selectivity for chlorobiphenyl
anslysis then the slectron cepture detector. In sddition, the response is 2
direct function of ths halogen content of the compound and is linesr. Bowvever,
the sensitivity in terms of molar response st these slavated detector tempers-~
tutes is at lesst one and possibly tvo orders of megnitude lover than the
electron capture detector. Suitsdble sample pretreatmant in terms of cleanup
sust be imcorporated when this detector (s applied to process stresam anslysis.

Gas Chromatographv/Mass Spectrometry in Quantitative Chlorobiphenvl
Analveis

As uoted before, ges chromstography combined with either slectron capture
or slectroconductivity detectors are of little velue for the quantication eof
trsce quantities of uncharsctarized chlorinated biphenyls. In both cases,
they require stendardisstion with known compounds ot by a principle enalyticel
pethod such as gas chromatograpby/mase spectrometry. €C/MS can be used to
tdentify and quantify individusl chlorobiphenyl {somers in s process streem.
Hovever, the f{dentiffcstios i{s limited to (1) confirmation that an eluting
substance is o chlorobiphenyl, sad (2) elucidstion of the chlorobdiphenyl
homologue class. In most cases, the specific isomer csnnot be identified.
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While total sceans from 100-600 atowic mass units gre desirvable for
confirmation during the tnitisl sample screening, Selacted lon Monitoring
(SIM), slso knowvn as Single lon Monitorinog or Multiple loo Detection is the
technique most frequently employed for quantitation, and offers at least sn
order of magnitude higher sensit{vity than total_scan (Z{chelberger et al.
1974). 7Tvo compromise techniques between totsl scan and SIM have also been
described: (Canade snd Regnisr 1976) limited mass scanning snd mass chroma-
tography, Both approaches represent modification in computer dats collection
rates for ion intensity measurements, so chlorobiphenyl confirmation or
selectivity will not be sacrificed im echieving high sensiciviey.

In spite of & higher limit of detection as coapared to the electronm
capture detector, SIM is the most specific method for the {dentification of s
substence se being a chlorobiphenyl and for the quantitation of chloro-
biphenyls of unknown congener and homolog distribution. The technique
essentislly involves using the mass spectrometer to messure the integrated fon
{ntensitive of fons charscteristic of the species of interest. For the
chlorobiphenyls, the ions are typicslly ths smoleculsr weight ions resulting
from the naturally occurring chlorine isotope sbundance ratios M and M+2.
(Table 3). ’

Thus, for sono through heptachlorobiphenyl, the following mess fcns are
gonitored., TYor octs and nonachlor, the M+2 aud M+4 mase ions are the most
intense, end for the decachlorobiphenyl, the M+é gud M+6 fons sre used. The
intensity ratios for esch homolog are used to confirs the eluting component ae
s chlorobiphenyl.

The ious for each homolog can be monitored in groupe spanuing the
retention time vindowe of the various homologe which are established by
standarde. The qualitative criteria for confirmation of eluting chlorinated
biphenyls have been described by two suthors, Tindall and Wininger, (1980)
Collard and Irvin (1982) independently. They are: the chromatographic pesk
of the characteristic mass ions must maximize st the same retention time; tha
peak vust be in tha proper retention time window; and thirdly, the relative
peak intensities of the molecular ions must be within +15% of the theorsticsl.
(Figure 3)

In essenca, tventy specific oo chromatograms are generated in ons 20
minute tenperature prograsmed run. This yields a high degree of specificity,
In sddition, sll of the chlorinated biphenyls fors stabls molecular fons, and
the isotopic sbundence tetios sre fixed by nature,

Martellil (1981) and covorkers have evalusted the anslytical response of
45 single chlorinsted diphenyls using SIM end have found ths followving vari-
sbility 4n response vithie the homolog groups. (Table &) Their study docu-
sents masg spectrometry as ths least discriminsting detector svailsble for use
vith gas chrosstogrephy, end as s result, s single chlorinated biphenyl isomer
can bs used to estimate the quantity of all other isomers vithin its homolog
class.

Collard and lrwin evaluated the relative response of each homolog class

as 8 function of concentration. The respotse vas linesr in all cases, dut
sensitivicty decreased by s factor of ten vhen comparing mono to decachloro-
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Tadle 3,

Specific Mase Ions with Relative Intensities

Used for Determining Chlorinated Biphenyls

Clx 0

2 M (Inteveity) M ¢ 2 (Inteneity) M + 4 (Iatensity) M + § (lotensity)
Houo-Cll 188 (100%) 190 (33%)
Dl-Clz 222 (100%) 224 (651)
Tri=C1, 256 (100%) 258 (98%)
Tetra-Cl, 290 mmn 292 (1002)
Pcntl-Cls 324 (81%) 325 (1001)
Hexa-Cl, se (51D 360 (100%)
!optu—Cl, 392 (441) 394 (1002)
Octa-Cl, 428 (881) 430 (100%)
Nona-Cl, 462 (112) 464 (1002)
Deca-Cl,, 498 (100%) 500 (871)
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Table &, Molecular Ion Response of Chlorinate

d Biphenyls

to Electron Impact Mass Spectrometry®

medical"Mass Spectrometry, 8, 8, 347-350.

154

No. of No. of

possidble analyzed Average Response
Homolog etructures structures response  variabilicty
Mouo 3 . k) 1.050 §.42
b1 12 10 1.736 17.2
Trd 24 9 1.334 12.4
Tetrs 62 I 1.577 20.7
Ponta 11 h 1.008 0.7
Hexa 42 ? 1.183 10.8
'Hnrtollt. CP, Castslli, MG, Panelly, R, 1981, Bio-
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biphenyl. (Figure &) As showvn {no Teble 5, recoveries perforsed {n replicate
at the tvo, ten and thirty ng levels had s reuge of 95 to 103%. Teble 6
prssents e precision study on teun replicets veighings demcustreted s releative
arror of ¢20% st the 35X confidence level. The limit of detection fn the
complex chlorinsted hydrocerbon sstrix vae observad as 1.0 ng of 2 eingle
isomer injected on-coluwn vhich ves equivelent to 5 ppm par isomer {n the
originsl sample. Tindell and Wininger havs reported comperabls sensitivities
{o the ebeence of e smatrix,

CS/MS/STH sliminetes ssuy interferences vhich oceur vith slectron capture
or electroconductivity detectors insofsr es only compounds vhich heve common
aess {ragments end elute in the retention time vindov are potentiel {nter-
ferents. The technique has s speciel utility in cases of {ncidentel gensrstfon
1o chemicsl processes since it doss not depend upon operstor "pattern recogni-
tion" to identify the chiorob{phenyls. Eves though SIX does not detect as
sasll smounts as does electron capture or electroconductivity/gae chromes-
tography, ths iocresse {n signal-to-nolee (S/N) ratio resulting from ths
incressed specificity offsets the decrease in sbsoluts signsl strength vhen
snelyzing process stresms for chlorobiphenyls,

Sample Preparation and Clean-up Techaiques

Sample prepsration schesas for the snslysis of chlorobipbenyls 1a
cthenical process straems often require considersble development effort. Mamy
materisls sre not amensble to direct chromatographic enalysis. Crystalline
s0lide, polymeric materials, tars, snd corvosive liquide sre exsmples.
Ssmples such es these srs generally dissolved {n s suitsble solvent snd
analyced directly sfter sppropriste ssmple clesnup or extraction of the
chlorobiphenyls inco & more suitable solvent for chromstographic svslysis.
Direct extrsction of solids with solvents has been used for pigments,
biologicsl semples snd other waterisls, bdut liquid-solid extractions are often
nouquantitative for encapsuleted chlorobipheoyls, except i{n cseses of sisple
sdsorption of the chlorobiphenyls on the solid surface.

The problem of extractiag the chlorobiphenyls f{rom the satrix can consti-
tute the wmsjor snelytical problem in determining chlorobiphenyls since many of
the matrices are similer to the chlorobiphenyls {n physicel, chemicsl end
chromstographic properties. Many sethode sre employed to resmove interfarances
from the ssuple matrix, Solvent extraction or partitfoeing with strong acid,
ususlly sulfuric, is successful vhes the intarferents sre chesicelly dissiailsr
to the chlotobiphenyls, dut ceo lesd to prodlems with recovery of the lover
chlorinated homologs (Dry Colotr Manufacturers Associstion, Limcer 1973).

Tigure 5 shows the effect of & sulfuric scid clesvup ot movochloro~
biphenyls. A hezane solution conteining 10 ppm wono end 1000 ppm Aroclor 1242
vas separeted by capillary gas chromatogrephy vith flame fonizstion detaction.
After shaking the solutfon for three hours with concentrated eulfurie acid,
the wonochlorobiphenyles hava decreased significsotly vhile the Aroclor fluid
remains unchsnged. After sighteen hours, the wonos are cowpletely abseat vith
only sinor chenges {o the Aroclor composition (Figure §). This represents an
MCB destrucuion rete of sppreximataly 20X per hour st roow tempersturs.
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Table 35,

Chilorinated Dlphenyl Recoveries fros Spiked
Chlorinated Hydrocarbon Matrix

Run 1] Run 2 Run §)
Degrae Asount Amount sed. Amount Amount 8ed. Amount Amount Std. Mean
of added found o dev, added found dev, sdded found ¢ dev. percent
chlorinstion (ng) u,(ng) (ng) (ng) x,(ng) (ng) (ng) x,(ng) (ng) recovery
\ 2.0 1.9 0.03 10.0 9.7 0.2 20,0 19.0 1.1 9
2 3.0 3.0 0,08 15.0 14.8 0.4 30.0 20.1 1.3 98
3 4,0 Al 0.09 20.0 19.7 0.7 40.0 8.1 1.6 99
4 3.0 2.8 0.2% 15.0 15.3 0.9 0.0 27.9 0.9 926
s 2.0 1.0 0.12 10,0 10.0 0.3 20.0 1.6 0.8 95
¢ 3.0 2.8 0.1 15.0 15.2 0.6 0.0 2.9 1.0 9
’ 1.0 1.0 0.13 5.0 -3.2 0.2 20.0. 9.8 0.3 103
8 2.0 2.0 0,08 10.0 10.3 0.1 20.0 20,0 0.2 100
9 1.0 1.0 0.06 5.0 s.1 0.3 10.0 10.1 0.2 9
10 1.0 0.9 0.10 5.0 5.0 0.3 10.0 9.7 0.1 96

%4esn valus of 5 determinations.
Mesn value of ) determinstions.
Neon value of 2 detersinetions.
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Table

6. Relative Preciston of Chlorinated Biphenyl
Messurements (Ssmple 2)

Nanogreme
Degrae of Run number Mean I::::::::
ehiorinstion i T 3 [} 9 10 (x) (951)
1 6.0 6.6 1.2 6.9 1.0 1.5 1.4 8.3 1.3 1.7 1.3 143
2 7.3 36.) .0 3.4 D359 3.4 32,2 W O30 N .6 162
bJ 45,9 47,7 A6.) 46,2 45.8  39.3 39.0 42,8 )94 AL 43,4 15%
4 24,0 25,4 25.6 25,9 25.7 21,2 2.1 2.3 21,3 a2 23.8 in
S 12,8 12,4 12,6 1.4 13,0 10.8 10.8 11.7 10.7 1L.% 1.9 s
6 9.4 9.4 96 9.6 9.8 7.8 1.9 8.t 7.8 6.3 8.8 134
? 6.0 6.0 5.9 5.9 6.4 4.3 4.9 4.9 6.8 4.8 S.4 2512
8 4.6 5.3 5.2 5.3 5.4 4.3 i) 4.6 4.6 4.6 4.8 191
’ 5.3 5.7 5.8 5.9 5.8 4.3 (N ) 4.8 47 4.9 s.2 243
10 5.7 5.9 5.8 4.0 6.0 4.9 S.! 3.7 5.1 5.5 5.6 147
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In many cases, colusn chromstography is required to remove interfavences.
Alumins end Flor{sil sre commonly used as sdeorbsnts. The development of
cleaoup procesdures using column chromatography ara laboriocus, time consuming,
ond often, add considerable verisbility to the snalysis. Maintaining s con~
stant activity for the sdsorbent and reproducing it is extremely difficulte
(Butzinger et al, 1974) and {9 often the cause of poor {nterlsborstory repro-
ducibility. In addition, the selectivity snd loading cspacity of s given
sorbent separstion must bs meticulously evsluated for the lover chlorinated
homologs as vell as the higher onea. This has not been the caas vith many of
the clesnup techniques vhich have been described in the literaturs for Aroclor
quentitation, Tigure 7 shovs the eluting characteristice of soms of the lover
chlorinsted homologs on basic chromatographic slumins using hexane as the
eluant.

The ratio betveen chlorobiphenyl congensr concentration and veight of
slumins s 500/) (slumins/congener), so sorbent capacity is not exceeded.

This clesnup technique as descridbed in the literature states that sll PCB
elute in the first 5-6 bed voluzmes, vhers in fact, only 50% of the 2,6-di~
chloro, 25% of the 2,4-dichloro end none of the 3~ end é-chlorobiphenyl hevs
elyted. These twvo sress of sample pretrestment, minersl ecid digestion end
edsorbent column cleanup, represent ereas of published PCB anelytical
nethodology vhich must bs reevalusted before they cen be applied to incidentsl
chlorinated biphenyl scslysis.

A multidivensional chromatographic techniqus utilizing both high
perforaance praparative scale 1liquid chromstogrephy end cepillery column gas
chromatography has besn devaloped rscantly for the datermimation of
polvchlorinated biphenyls in transformer coolent end motor oile by Chasler et
el, (1982)., While this technique is not directly applicable to ths determina-
tion of chlorobiphenyls {n process streams, it sffords a higher degree of
resolution then the conventional gravity flow sdsorbent cleanup techniques
vithout sacrificing column capacity. In addition, such systems should be much
faster cleanupe and resdily lend themeelves to automstion.

The finsl clastup to remove sample matrix intarfarences in almost all
chlorob{phenyl enalysis schemes is the selection of the appropriate gas
chromstogrsphic column. Often the type of cosplexity of the matrix will
dictste vhether packad colusn or capillary coluens should be employed. The
efficiency or separsting povar of capillary columns is sometimes not as
desirable as the selectivity vhich can be obtainsd by polar phases or mixed
phasss using f{somer selective modifiers such ss the Bentonita clays. Three
end four chlorobiphenyl are extremely difficult isomers to separsta on most
conventionsl packed columns and only slightly better on the bonded SE~30 and
SE~5 methyl silicone fused silics capillary columms,

Their resolution is imperstive vhen using an elsctron capture datector
since the é=chlorobiphenyl isomer ies 6 times more responsiva than the J-chloro
isomer. Binary liquid phese optimization such as described by Laub eund
Purnell (1976)- howaver, allev for the systematic design of eeparations to
resolve isomers a3 vell se matrix interferences.
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Pscked or caspillary column selection for the analysie of PCBe as Arcclors
fe really scademic since the psttern recognition can eesily be sccomplished
veing efther seperstion mode. For incidental chlorobiphanyl anslyeis, the
trand obviously ceeds to be tovards more resolving pover (cspillsry columns)
bacasuse of the lower LODs requirad per eluting congenmer. This trend will
become more spparent as good fused eilics capillary columns with polar bonded
phases become sveilsgble,

Qualitv Assursnce in Quslitstive snd Qusntitstive Analyeis

Quality assursnce is an essantial but often neglected aspsct of chloro-
biphenyl snalysis (MacDougall and Crummett 1980). The firet sspect of a
quality assurence progras is the development and consistant use of a fully
validated method, Validsation of s method requires s study of the folloving
cherscteristics, TFirst, the linesrity of response for the snslyte in question
should be eveluated over the desired quantitgtion renge. Second, sufficient
replicates of ssmples which had previously beea spiked should be analyzed to
determine the recovery and sccuracy of the mathod over the desired quentits-
tion range:. This tncludes adding the analyte to the sample matrix before suy
ssmple preparation or clesnup is performed. Thirdly, s precision study on s
ainipum of ten replicete veighings snalyzed on two different days should be
performed. TFinslly, sny knovn interferences should be documanted ss to thelr
effect on the quantitstion of the desired snslyte by running sufficient sample
blanks. :

Once a validsted wethod has been established, consistent use policy, 1o
addition to sn on-going quality sssurance program is {mportant. This is
necesssry to document that the procedure ia performing at the previously
determined level. Validated anslytical sethodology and sctive quality sssurance
progrars are prarequisites to generating creditable snalytical dats.

For the snalysie of chlorobiphenyls {n process etresms, s single
anslytical method has yet to be agreed upon, however, gas chromstography/msss
spectrometry vith suitable sample cleanup appears to be the only viable
slternative considering the great varisbility of ssmple matrices encountered
in chemical procass stresms.

The Dagree of Uncertainty Associasted with Incidentsl PCB Anslysis - A
Round Robin

To evsluste the uncertainty in the quentitstion of incidentally generated
chlorobiphenyls, a recent round robin anslysis of five samples was sponsored
by the Chemicel Manufacturers Association (1982). The samples were chosen to
typify process stresm matrices thst are presently regulated by the incidental
PC3 Manufecturing Rule. The following participsnts vere ssked to generate
their best effort using analyticsl methodology they bave developed for the
uessurenent of non-Aroclor PChs:

Environmentsl Monitoring and £.1. Dulont DeNemours & Company
Support Laborstory Vilmington, Delavare
0ffice of Resesrch gnd Development
Environmental Rrotection Agency PPG ludustries
Cincinnsti, Ohio Barberton, Ohio
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Surveillance and Analysis Divisfon Honsanto Company

Region 7 St. Louis, Missourt
Eoviroomental Protection Agency
Fansas City, Kansas Stauffer Chemical Cowpany

Dobbs Ferry, North Carolins
Dow Chemicsl Company
Midland, Michigen ) Yulcen Materials Company
Wichits, Ransas

This effort vas designed to document the pressnt etate-of-the-art for
chlorobiphenyl snslyeis vhan a company or independent lad is contracted to
anslyze asmple for regulatory compliance. Each sample ves described as
containing one or more chlorobiphanyl congenars ranging from mono te
decachlorobiphenyl, . -

Totsl congener concantrations vers described ae ranging from 5 ppm to
leas than 300 ppm {n the folloving matricas:

Chlorinated Benzens Waste

Mixture of Chlorinsted Bentenes
Mixtyre of Chlorinated Senzenes
Chlorinated Aliphatic Weste Stream
Chlorinsted Arowstic Sample

MOOw >
LI B I I }

Each sample vas to be snalyzed in triplicate vith separate portious of
the ssmple being taken for each replicate snalysis.

The inetrumental techniques snd mathods of calibration vers utilized for
the analysis of the five round robin samples are shown in Tadble 7. Eight of
the ten laboratories elected to use GC/MS,

Seven of these aight labs used packed columns vhils oue utilized an SE-30
fused silica capillary column, One of the labs utilized packed column GC with
electron capture detection, vhils another used packed column/flame iovizetion
detection, The flame foufzation detector data vas deleted from the composite
summary for statistical ressons.

Summary of the dats scrose all nine laboratories is showm in Table 8.
For sample A, the mean concentration vas 283 ppm. The range of the reported
mesn concentrations was from s lov of 104 ppm to & high of 413 ppm for a
length of 309, The everage coefficient of varletion smong replicates vithin
laboratories ves +11,41 relative. The coefficient of varietion among lsbora-
tories vas ¢+322% and the expected coefficient of variation for a sample sent to
s tendom laborstory vith a single replicate concentration reported vould be
expected to be +341,

Tor sample B, the range vas 70 ppn, with e coefficient of varistion of
922 for a single replicate. For C, the range vas 105 ppm, with e coefficient
of variation of 46X, TFor D, the range vas 261 ppm, and 721 and for E, the
values vere 12.9 ppm vith 537 ss the coefficient of variation for a single
replicate.
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~ Table 7. Round Robin Methodology for Incidental PCH Analysis
Laboratory Techanique Calidratiocn
A GC/EC 18 Congeners
] GC/MS 24 Congeners
c CC/MS (Semiqusntitative 10 Congenere
Single Replicate) (1/Homolog)
[} cC/TId 10 Congeners
{1 Homolog)
| 4 GC/NMS 25 Congenaras
F GC/MS Aroclor Mix
Plus Mono
¢ GC/MS 20 Congeners
| GC/MS 10 Congeners
(lnternal Std)
1 Capillsry GC/MS 10.Congeners
J GC/MS 24 Congeners
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Table 8.

Susoary of Experimental Results for all Homologs

Combined for a Round Robin Experiment Across Nine Laborstories

Statistic A 3 c D | 4
Mesn 283 24 64 130 9.2
Raoge

Endpoint 104 - 413 1 =71 T - 112 33 - 29 0.3~ 132

Length 309 70 108 261 12,9
s 11.402 152 81 172 282
C‘ kY3 851 45% 642 44X
Ce 342 922 462 122 531
Compents

Mean Mesn PCB concentration scross sll laboratoriee

Range of PCB mean concentrations scross all laboratories
Average coefficient of varistion among replicates vithin

laboretoriss

Coefficient of varistion among leborstories with 1n:-|-
leboratory veriation removed

Coefficiant of varistion among PC3} concentretions for a
sawple sent to s random leboratory vith & single replicate
concentration result rsported
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The ability to recover and messure 8 quantity of snslyte added to a
sample demoustrates the accuracy of & method., Sample C {s identical in matrix
to sample B, except the chlorobiphenyl congeners were added (Tadle 9). The
data, ss reported by laboratory for these tvo samples, {s shown {n the tsble.
The values found for sample C in ppm are shovn in the firet line from left to
right, The second line represents the data for ssmple B, The difference
betveen B end C represents the asount found, scd the last line represents the
tecovery bssed on the sddition of 64 ppm of the 22 congeners. Tbe dats from
‘laborstory K arrived too late to be a part of the original manuscript, but {s
included here,

The reproducibility of the recovery for eight of the ten ladbe s
remsrkable. The sbility to quantitate levels of chlorobiphenyls, hovever, 1»
very tandou. This {mplies each analyst has s high degree of discipline to
nessure chlorodbiphenyl in matrices he's familiar vith relative to his method,
Hovever, the sbsence of an sgreed upon method or convention for the selective
chlorobiphenyl detection causes videly divergent concentration to be reported.

Figure 8 gives s graphical representation of the data reported for
sanples A and scrose all labs is shown here. It sppears that no single
lsboratory has the ability to analyse sll matrices vell; hovever, for each
sample tvo or three of the labs generste data vhich {s {n ressonable agree-
uwent, {ndicating soms common familiarity vith the matrix and types of inter-
farences. The dats for samples C, and D are shown 4o Figure 9. The relstive
ertor contridbution as & function of homolog (Table 10) vas evaluated as
follovs. For sample A, the calculated mean, the lovest value, the highest
value and the resulting length of the reported data by homologue is shovn {n
the first five columns.

The average standard devistion, expressed in ppm, to be expected for s
sample sent to a random ladoratory snd snelyzed io a single replicate is shovn
in columne six. The calculated relative error, expressed in percent at the 952
confidence level of each homolog's contribucion to the overall sample analysis
{s shown {n column seven. The relative error and the range as ¢ function of
homolog for each sanple are shovn graphicslly on the folloving figures.

For sample A, the relstive error st the 95% confidence level vas 681 for
sll homologs, 30X for the mono, and an average of 102 or the other homologs
(Figure 10), TFor sample B, the relative ervor for all homologs was 184% mono
vas 133%, and ths others aversged 282 (Figure 11). For C, 921 for all homo-
logs, 501 for wono, anud sn average of 161 or the others (Figure 12)., For D,
1642 or all howologs, 103X for mono, and an average of 17X for tha others
(Pigure 1)). Yor ssmple Z, 1062 for all bomologs; 651 for mono, 43X or di,
sud 22% or trd (Figure 14)., The matrix contribution for these types of
seaples affects the ability to quantitate the lover chlorinated homologs,
especially mono the most. Other types of matrices may affect quantitstion of
sose of the higher homologs 1n tha absence of suitable cleanups.

The objective of the round robin was explamatory f{o nature and designed
to determine the degree of uncertsinty associated vith incidental PCP
snalysis. The date shov that the magnitude of these uncertainties are highly
significene, Ths impsct of requesting a sample snalysis for incidentsl PCB
from a random Jlaborstory couid produce measurements far from ths true value,
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Table 9. Summary of Chlorobiphenyl Spike

Laboratory
4 ? (]

Saxple A 3 [+ .| 1 J 4 Mean
C 66 69 ? 3] 3] 63 112 50 80 61 65
» 1 7 103 6 12 onox» a 1 U
Asount Found - 30 LY - S0 39 51 41 11 59 S1 48
X Racovery 182 812 - 782 612 802 642 172 92% 802 75%
(Basad on

64 ppm Added)
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Figure 8. Chlorinsted biphenyl concentrations as reported by laboratory
for ssmples A and B of the Round Robin Analysis.
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Figure 9. Chlorinsted biphenyl concentrations ae reported by laboratory

for samples C, D and E of the Round Rebin Analysis.
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Table 10. Suomary Statistice for Sampls "A" by Homolog

Rengs o* Rclnt!vcb

Homolog Mean Low Bigh Length (ppm) Error ($)
1 52 18 123 - 103 42 £30%
2 59 24 98 74 :22. 152
3 60 33 96 61 £2) 2162
) 33 ? 52 46 tl8 2132
s 20 0 » 37 t13 t 92
6 16 ] i £3} z12 t 82
? 18 0 7 n 224 217%
s ‘10 0 35 35 210 t 7%
9 [] 0 14 14 t 4 t 32
10 11 Y 21 21 t? ¢ 52

Total PCB content = 284 ppm

*The sverage standard devietion (o), expressed in ppm, to be
axpectad for a ssmple sent to a random laboratory snd svalyzed in a
single replicatce,

®Ihe reletive error, ( 20 x 100 ), expressed in perceat,
Ssmple Mean PCH Content
of each homolog's contribution to the overall ssmple analysis.
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Sample "A" 284 PPM PCB
68%
Relative
error (%)
302
155 162 444 17%
92 w
l | 82 l % 3y sy
1 § i | 3 [
All 2 k) 4 ] ) 7 8 9 10
homologues
309
Range (PPM)
105
7% "
61
4 -
LTy
- i 7 ] ] ]
All ) 2 3 4 5 6 7 8 9 10

Figure 10. CMA PCB Round Robin Summary - relative error/range

hosologues

a9 &8 function of homologue - sample "A.™
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1842 Sample "B" 24 PPM
1332
Relative
error (X)
502
k)Y 252 25%
ol BT
o . 5 & oo
AJl 1 2 k] &4 5 6 7 8 9 10
homologues
lND = not detected
70
Range (PPM)
38
17
10 7 8
0.3 l 2 2 2 0.
| I | U
All 1 2 4 L) 6 7 8 9 10
homologues
Figure 11. OMA PCB Round Robic Summary - relative error/range
as 3 function of homologue - saaple "B."
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922 Sample "C" 64 PPM
Relative
error (X) 502
25%
192 192 192 22%
132 13X
AT
| ] 1
All 2 2 k) 4 5 6 7 8 9 10
homologues
105
Range (PPM)
2]
18 18 19 16 22
9 12 10
I I
i

All 1 2 3 4 S 6 ? 8 9 10
homologues

Figure 12. CMA PCB Round Robin Summary - relative error/range
as & functton of homologue - sample "C." ~
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1442

Sample "D" 130 PPM
1052
Relative
error (X)
29%
23%
182 14X
I 'JHND N W N
| I S W W
Ml 1 2 3 &4 5 6 1 8 9 10
hosologues
261
221
Range (PPM)
& 4
n 26
Il 31 3 0.3 0.3
i I G S §
All ) 2 3 4 S 6 ? 3 9 10
homologues
Figure-13. CMA-PCD Round Robin Summary - relative error/range

as a function of hosologue - sample "D.”
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106%

Sample “"E" 9,2 PPM
65%
Relative
error (%)
43%
222
ND ND ND ND ND ND ND
All 1 2 3 & S 6 7 8 9 10
homologues
12.9
10
Range (PPM)
)
4
3
1 1
0.4 0.2 0.3 0.3
[l s [ ' l 1
All 1 2 3 ° ) 6 ? 8 9 10
homologues

Figure 14, CMA PCB Round Robin Summary - relative error/range
as 2 function of homologue - sample "E."
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and thet the use of such results for certificetion of & msoufacturing
operation, belov s specified regulstory cut off (1,e., 50 ppm), could be
highly mislesding.

“2ero Molecules” or "The Absence of" as Definad {n o Regulatory Context

Prom an soalyticel scievcs perspective, it is importent to focus oo &
specified regulatory level bssad on risk esesssment. Tha regulstory level, (o
effect, definas s goal or eis point for the enslytical chemist. Ounly then cen
he develop method criteris such ss sempls collection, preperstion, clesnup,
ond {nstrumentsl wessurement. This results in e set of ordarly experiments
vhich allove the method criteris to be obteined. Tha result is s velidated
snelyticel msasuring device vith a qusentifiadle degree of cartefnty. Ou the
other hand, "Zaro Molecules™ or "The Absence of," ss defined in s regulstory
context ore scientifically uoquantifiebls, end are statisticslly uncalculabla.

McElrsth and Besrman (1956) heve noted the similerity in thinking batvesn
scientists osnd lavyers o desling with uncertsinty. Scientists express their
uncertsinties in terms of probabilities through statistics. The standardized
degrees of certsinties are 95X, 99X, or 99.9% probadilities. The levyers use
the following such phreses ss their corolleries, "prepondersace of evidence,”
"clear end convincing,” snd "beyond s reasonsble doudt" for their degree of
certainty.

Ths {splementation of regulatory levels bassd on "Zaro Molsculas” or
"Absance of” will undoubtedly introduce tha following descriptions of
uncerteinty: "lsck of evidence,” "obscure sud confusing,” sud "with counstder-
able doubt."

EXPOSURE AND RISK POTENTIAL RELATING TO INCIDENTAL PCB

Dats covering vorker exposure and potentisl risk {ncidental PCB has on
the environment is the subject of s recently prepsred survey conducted by the
Chemical Msaufectures Associstion entitled "The Incidental Msnufecture, Pro-
cessing, Distribution and Use of PCB at Concentretions Below 50 PPM." (EPA
1981). Tha survey represents over 8 year of dsta sccumulation frowm 85 differesnt
chemical msnufscturing firms and thus, represents the current extent and fate
of incidental PCB. In this survey, 135 chemical processes vere describded
vhich genersted o totsl of 13,800 1lde. of PCB per yesr. Ninety-five percent
or 13,100 1bs. of this material 1s disposed of as controlled vaste.

0f the 13,100 1bs, disposed of se controlled vaste, 9,100 lbs. (66X) s
{ncinerated, 1,800 1bs. (13X) e in s salt weter vesh discharged to s salt
vater resarvoir surface vater systes, 1,600 1bs. (122) goss to lendfill, and
600 1bs. (2%) goes to ground injection.

The difference betveen the 13,800 lbe. of {ncidentsl PCP produced and
13,100 1bs. disposed of, reprssents the net pounds (700) of PCB par year
contsined in products menufactured by the chemicsl fndustry. Of this smount,
500 pounds (75%) ere encepsulated im #0l1d producte such es paint films sud
polymers, or destroyed, thus {nhibiting human contsct and exposure to the
environment. No chlorobiphanyls were reported as going into consumer products.
Aboutr 490 of the 660 1bs. were Teported to be in products vhich vere listed as

m



“captive intermediates," {ntermedistes, or industrisl products. And finslly,
only 68 lbs. per year veres reported entering the environment es commercisl
products. ’

In regard to vorkplace occupstional exposure to chlorinsted biphenyls,
the chances sare extremely lov, since 992 of the poundage is generated and
processed in "enclosed process aystems" or "controlled ralesase process systems,”
vhere rslesse occurs under carefully controlled conditions,
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DISCUSSION SUMMARY
Robert G, Raley, 11

Monsanto Coupany
St., Louis, MO 63167

The prepsread presentation for this session wves entitlead Exposure
Studies Relating to Industriel Processes Containing Incidental PCB. The paper
addressed the incidentsl generstion of chlorinated biphenyls in industrial
processes and the measurement of the chlorinated biphenyls in process streame
and products. The question of incidental generation of chlorinated biphenyls
has arisen primarily in vesponae to regulation of materials containing PCBs at
greater than 50 ppe. These regulations necessitated the development of analyti-
cal techniques to {dencify and quantify iov levels of chlorobiphenyls in a

vide variety of industrisl matrices.

Some of the snslytical problews in the ares of analysis for incidentally
generated chlorobiphenyls are common to the determination of PCBs in environ-
wental or askarel-fluid type matrices. These prodblems vere addressed in
Seseion 1 of this sympoeium. Hovever, many of the problemss are unique to the
{ncidental generstion situation. Some of the srsas of particular concern
are the vide variety of matrices vhich are encountered, the availability of
appropriate standards, snd the suitability of verious anslytical techniques
for qualitative identification or confirmation and quantification in the
sbsence of Aroclor®* fluid elution patterns, i.e., ficgerprints.

SUITABILITY OF ANALYTICAL TECANIOUES

The paper presented for this session emphasized the spparent superiority
cf eleciron ixpsc: (EI) gas chromatography/mass spectrometry (GC/MS) for the
determination of Incidentally generated chlorodiphenyls. Although GC/MS :is
tore readily available then it vas several vears ago, electron capture gas
chromstography (ECGC) &5 still the technique most usually identified with
chlorobiphenyl snalysis. The bulk of the litersture which mentions chlore-
biphanyl anaivsis has used ECGC to detect and messure cocmercisi PCR mixtures
ip environmental matrices such as vater, sediment, or biological tissues.
There {s also a body of litezsture vhich has discussed characterization of
commercial mixturas using ECGC wizh or without other confirumatory techniques.

Most of the methodology in the litersture uses the charscteristic elution
pstterns of the various homologs and isomers of chlorobiphenyls zs the primary
mesns of quslitative identification, However, this approsch s not applicable
to the determination of incidentally generated chlorobiphenyls, bacsuss they
are formed i{m processes and by mechanisms unrelated to the manufacture of the
coomercial mixtures. In cases of incidental generation, siagle isomers, isozers
of s single homolog, or a vaciety of mixtuces of isomers and ho=olegs can be
formed st trace levels. The elution pattern of these compounds obtained by
ECOC cannoz be tecognized ss chlorobiphenyls in wost cases. Therefore, mass
spectrometTy Bust be used to identify the chlorobiphenyls vhich are present.

®Arocior is a registered trademark of Monsanto Company, St. Louis, MO 63167,
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An {eportsnt questfon which is yet to be completely tesolved s vhether
pscked CGC coluwns or capillary GC columns are the best for the anslysas in
question. (In genersl, the terw cspillsry coluem is understood to mesn fused
stlice capillary colusm,) The presentation snd discussions {n Session | empha-
sized the sdvantsges of cap{llary gas chromatography vith respect to resclution
of the chlorobiphenyl fsomers from one another and the separation of chloro-
bipheoyls from potential fnterferences. In fact, some anslytical chemists
feel that pecked GC columns should be rejectad completely., The ability to
attain upvards of 2 psrcs {a 10,000 reproducib{lity of relative tetention tinme
dsta vith cepillary columas is & strong srgument for qualitative idantifica-
tion of chlorobiphenyls, vhether ss single isovers or as complex mixtures.

The cowbination of capillery GC with mass spectrometry is certainly the most
poverful technique applicadle to tha detection of chlorobiphenyls.

Ths other sids of the ergument is thet, although the separeting pover snd
qualitative sspects of capillary GC are irrefutable, there is a pauvcity of
vglideted methodology for the detsrmination of chlorinsted biphenyls using
cspillary columns. Since an (mportant sspect of the incidental ICB problem s
regulatory compliance, the availability and spplicadilicy of validated method- -
ology must be considered. The accuracy and precisios of capillary GC wmathods

- for PCBs have not been videly sddressed in tha literature, especislly for
cases utilizing the mase spectromstar as the detector,

In the particular case of genersting suslyticel results for compliance
purposes, the question is not so much whether to use packed or capillary CC
columns, but hov to generate high quality snslyticel results. Method valids-
tion involves all of the steps in a procedure, from ssaple collection through
snalvte measurement. There is no questioo that high quality dats can be
generated wvith capillary GC/MS. 1In some cases results of high quality also
can be generated by methods utilizing packed columm GC/MS. Validation results
are svailable for msny of thess methods. In the final sssesswent, the gques-
tion of data quality must be demonstrated by validated avslytical methodology,
snd substantisted by a thorough quality sssurazce snd quality control prograx,
vhether the wethod uses capillary or packed GC columms.

MATRIX CONSIDERATIONS AND CONCENER DISTRIBUTION

One of the most serious problems in the snalysis for incidentally generated
chlorcbiphenyls {s the vide variety of matrices vhich is encountered. 1In
general, chlorineted solvents or any chemical systems which contain as orgenic
compound and s source of chlorine have the potentisl to generste tracs levels
of PCBs. Certainly this statement 15 an oversimplification and most such
processes probably do not generate PCBs, but the potential is thers.

The matrix or particular process also deternives the distribution of the
?CBs that could be generated. For example, one might expect that ounly lover
chlorinsted ecngevers could be incidentally genersted in s procass ianvolving a
secnochlordnatad sromstic compound. Hovever, in the case of pdthalocysnine
blue pigments, peots- and hexachlorobipheoyls ere geversted from the trichloro-
benzene vhich {s used as 8 solvent. Furthar chlorination of this systea to
.produce phrhalocyanine green pigmeat generates sxclusively decachlorobiphenyl.
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To » large extent, the matrix aleo dictates the clesan-up methodology that
must be used to permit accurate and precise sessurement of the PCBs that are
present. In the csse of relatively clean solvent systems, s simple "dilute
snd shoot" procedure often sufficses. Hovever, in the case of the phthalo-
cyanine pigments, an exhsustive sulfuric scid digestion of the matrix is
required to free the PCBs from the matrix, (A more time consuming strong
solvent extrasction procedure (s also svailsble.)  In this case, another prodles
has been documented. The sulfuric scid trestment sulfonatas the lower chlori-
nated homologs, so that, £f they had been present, they wvould not have been
messured by the procedure,

Another problem {s that the matrix in which particular {ncidentally
genersred PCBs are found can change. One manufacturer's product often s
another's rav materisl. Io such a cass, the chlorobiphenyls msy not be measur-
able by the same method used to qQuantitate them in the first plece because the
ovatrix may have changed dramaticslly. In addition, the second process nay
slter the distridution of congeners. This 1s especislly a problem {f one is
trying to document the occurrence of PCBs in a process or to track the genera-
tion of PCDs through the process.

A sinilar concarv arises in the processes for chemically destroying coe-
mercisl PCB mixtures. As the destruction process is carried out, the mixture
of chlorobiphenyls changes significantly, sc that monitoring the progress ot
the effectiveness of the degradation scheme requires an ever-changing quantifi-
catf{on schene.

Tinally, the matzix can affect the sccuzacy sud precision of an snalytical
metbod in sn isomer or homolog specific vay. The results of the Chemical
Manufscturers Assocfation (CMA) PCB Anslytical Tesk Group round robin discussed
in tha prepared paper may provide sn illustration of this effect. 1In this
parzicular case, the precision for tha monochlorirsted biphenvls was signifi-
cantly worse than for the other homologs. This could be ac:iributed 2o the
facz that tn zhat parzicular zatrix, most intezferences from the macrix occur
in the retemtion vindov cf the monochlorobiphenvis, affecting the quactification
of those compounds. This effect could be expeczed to occur for different
homologs in difleremt matrices. - -

1n summery, the questions involving mstzix effects seem to be some of the
most problemardical. It saems unlikely at zhis point that any single szalyziecsl
schene vill provide sccurate and precise results for incidentally generated
PCBs in sll the macrices in wvhich they might occur.

QUALITY ASSURANCE AND DATA MANAGRMENT

The {mportance of s comprehensive quality sssursnce progzas has already
been smphasized. It is essencial that only fully validstad methods be used
for the deterainatiot of incidentally generated chiorobiphemyvls. Further, s
continuous progras of quality concrol zust be used o insure that the accuracy
and precision established for the method are maintained durisg rouzine use of
the method.
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An importsnt concept vhich may have significant impact on future quality
sssursnce programs, o9 vell se dets management, is thet of pattert racogni-
tion, Pattern recognition, (n the sanse of visusl recognition of PCH elution
patterns, has been important for any years.. Howvever, the future spplications
of pettern recognition involve computerized systeme vhich nathematically
evaluate experimentsl resulte and cluster the rasults in understendedble form.
In the Columbia Netional Fisheries Resesrch Laborstory, V.5, Pish and Wildlifs
Service, Columbis, MO, pattern recognition is seen as one of the most critical
and poverful means of evaluating the performance of estsblished methodology
and {dentifying problems wvhen they exist,

Tha "patterns” vhich mey exist for incidentally generated PCBs are not
estabiished yat, Hovever, it is reasonable to sssume that these pstterans will
be identified as research continues in this area. As the data dase for these
snalyses becowes established, pattern recognition could be a8 valuable tool to
identify patterns that might exist im various materisls. The use of the sanples
a9 training sets, as opposed to using commercial PCB mixtures, for primncipel
component snalysas, shovs strong potential for generating such dats bases.

This type of systematic approsch to dats ssvagement for both ssaples snd quslity
control samples could help anslytical chemists make ssnse out of vhat othere
vise vould becose "s resl wess.”

EXTENT OF PROBLEM - EXPOSURE AND BIOAVAILABILITY

Ove of the issues relating to incidentslly gemersted chlorobiphenyls is
the extant of the probles. Ths question involves ths amounts of chloro-
biphanyls actually being produced, the potential exposure to these chloro-
biphonyls, and the biloaveilabdility of the chlorobiphenylas.

Although information regsrding ths smounts of incidentally gemerated PCHs
{3 sparse, 8 recant survey by the CMA identified sbout 135 procasses which
couid produce sbout 14,000 lbs. of iocidental PCBs st levels less thao 50 ppum.
The bulk of these meterisls sre disposed of in an EPA regulated msuner. Most
of the remaindsr is in forms not readily svailable for exposure, for example,
the phthalocysnine pigments mentioned sarlier. This is the very reason vhy
treatments as harsh as sulfuric acid digestion ere necessary to anslyze for
chiorobiphenyls in such matrices. Even 1f the CMA estimate is lov by s factor
of 100 or so, the smounts of PCBs produced snd relessed by incidentsl geners-
tion are vary lov relative to the amounts still suthorized for uss i(n older
eiectrical equipwent, This point was discussed mote fully by Dr. R. J.
Mooleosar in Session 2: Exposure Studies - Eovironmental Residues and
Biosccusulation,

Other {nformation regerding iuncidents]l generation of chlorobiphenyls has
been filed with the EPA in sxamption petitions. This information could also
help tdentify specific processas or conditions vhich may presant particulsr
concerns. Nowever, the informstion has not baen publishad snd 1s not readily
aveilable for reviev by toxicologists to evelumate the risks or potential exposure.

Thers are certainly cases where the enviroument, suimals, snd humans have
been exposed to PCBs {n uonobvious ways. Seversl reported exsmples are the
ingestion oi PC)-tontsainihg snti-corrosion paint by hogs, application of PCH-
¢{luted pesticides to cattls, leakage of PCBe fnto a fat recycling system sud
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subsequent recycling into animal feed, and the related polybrominated biphenyl
(PBB) incident fo Michigaw, Hovever, it must be emphasized that these vers
gross exposures to commercisl PCBs, not exposures to incidentally genersted
PCBs at levels less than 50 ppm.

In summary, {t eppears that the amounts of chlorobiphenyle geaersted
incidentally {n chemical processas {5 small compared to the smount authorized
for use or already iv the environment. Howevar, the toxicological and epidemio~
logical assessments of these chlorobiphenyls has not been carried out,

THE 50 ppm QUESTION

Many of the questions tegsrding the incidents]l generation of chlorinsted
biphenyls are concerned vith the 50 ppe regulatory cut off level for PCBe.
The original rules regarding the manufacture of PCBas essentially stated that
PCBe manufactured at less than 50 ppm $n chamicsl processes vere not subiect
to regulation. The appropristeness of this cut off level has been questioned
i{n court and the EPA is presently revriting these regulations.

According to a former EPA employee, the 50 ppm level vas established for
several reasons. One concern vas to establish s level that would clearly
separata .anvironmentsl contsmination from smanufacturing activities. Since
sever sludge and certain sediments showed PCB contamination at the 20 to 30
ppo level, a rule to raquire disposal of PCBs at a lavel belov 50 ppm would
have effected sevage treatment and dredging operations, for exsmple. This
would have crested an unmsvagesble situstion in terms of bulk of materials to
be incinersated or landfilled. The EPA slso falt that the Clean Water Act and
Clean Air Act could sffectively regulate PCBs in river sediment and sevage
sludge oo 8 case-by-case basis. Econowmic cousiderations ware also involved in
the decision to set the cut off at 50 ppm, Studies of costs of PCB removal
shoved that costs Incressed dramstically st sbouc the 50 ppm level. For these
reasons the regulstory cut off was established at the 50 ppm levei.

There sre still many questioné vhich impact on the sppropristeness of the
50 ppo cut off. The sxtent of the problem is certainly one concesu. ~This vas
discussed {n the previous section. Thecze are also sarious snalyzical prodlems
which must be addressed. These were the subject of Mr. Kodges' presentation
for this Session. Lastly, the toxicological snd epidemiological aspects of
the questions are vet to be fully explored. A grest desl of resesrch will be
necessary befors thess questions can be resolved.

IMPLICATIONS FOR TOXICOLOGY

The incressing sophisticetion of analytical techuology crestes s serious
dilecma for toxicologists. Methods utilizing capillary GC columns with electroen
capture, El wass spectrometric, or negative {on chemical fonization (NICI)
mess spectrometric detectors can detect subnanogzas gquantities of individual
PCB congeners in many cases. Some of thess congeners are sore toxic thap
others. However, very fav of these individual congeners have been tested for
toxicity., Further, {o toxicolegical testing most exposurss are to mixtures of
congeners, rather thsn to single congeners, and st relatively high levels
cospared to the ultimate detection limits of the snalytical techniques.
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The problem for toxicologists then becomes whet to do vith the analytical
data, vhether for commercisl PCB mixtures or for imcidentslly generated PCB
congeners ot mixtures, The toxicologists need to relste dosage (or exposure
level) to eff{ect observed, Fros their vievpoint, the ideal sitvarion vould be
to take the results of the sophisticated anslytical sethodology and produce
eome surrogste value vhich relates to dossge or exposure.

One possible approach to the above probles s the use of & watrix spproach
‘to formast the results of snalyticsl studies. {(This approach is closely tied
to structute - activity correlations discussed {n Session 5 by Dr., S. Safe.)
In one exsmple, the results are reported by the number of chlorines per diphenyl
ring, as vell g» identifying hov msny chlorines sre ortho~substituted. By
analogy to chlorinsted dibenzo-p-dioxins, ortho-unsubstituted isomers have
acre enzyme induction sctivity and say be of particular concero toxicolegically.

This type of approsch may be a valuable {nterface betveen the anslyticsl
chemists and the toxicologists.

SUMMARY

The {ssues surrounding the i{ncidental generstion of chlorobiphenyls are
only beginning to be addressed. Although envirommantel analysee for commercial
PC? uixtures have advanced {mpressively, the svalytical spproaches developed
for commercial mixtures or for enviremnestsl snalyses should have sppliesbilicy
for this aves. Aside from the snslytical fasues, there sre still many questions
to be sosvared vith respect 2o the level and significance of exposure. 1In
addition, the question of regulstion is, as of this vritiog, still to be ansvered,
1t is to be hoped that ar effective scientific spproach to answering these
questions vill provide snsvers vhich will protect huzans snd the environmmest,
wvhile at the same time minimize ecomomic burdens.
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CHAPIER §
BEALTY EFFECTS - EPIDEMIOLOGY

This paper surwmerize3 the results of seven cross-sectfonal epidemiclogic
studies desling with heelth effects of PC3s, and three cohort mortaliy
studies vhich cootained deta on the cercinogenicity of PC3s ia hunsns. The
findings from the cross-sectionsl studies sre snslyzed according to the
folloving catsgori{es: dermatologic effects, liver function, fat metabolism,
other objective findings, end reported symptoms snd {llnesses. Tha reporczed
cohort mortality studies result in terms of numbers of death srtributed te
various types of csncer. The paper concludes vith & general discussion oo the
strengths end veaknesses of each study, and the cross-study results vhich can
be drawm forth,

During the first part of the discussi{on summery, s paper is presented
revieving possible human reproductive effects of PCBs. The data includes
results obtained from the Yusho {ncident in Jepen, end studies of seversl
groups of individuals previously reported on by Williem Gaffey. Tha discussion
sddresses the massured varisbles of days of gestation prior to bircth snd birth
vaight. A second study examining the relationship of PCBs to hypertension f#
presented.
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RECEINT IPIDEMIOLOGIC STUDIES OF PCRe
William R. Gaffey

Hoosanto Compavy
St. Louis, MO 63167

Before the Tusho incident {n 1968, published studies of tha hesalth
effects of PCBa, vith the exception of Melgs at 8). (19%54), veres essentislly
clinical studiss of occesionsl sccidentsl severe exposures, In the followving
decade ten spidemiologic studies wers published (in sddition to the many
reports on the Yusho iuncident itself), all dut one of vhich deslt vith
oceupstionally exposed pepulationty snd enly one of whieh otvdied the
relationship detwveen cencer end PCP exposure (Gaffay 1982),

Since 1978 there have been tsn epidemiclogic studies of ths health
sffscts of PCBs. Saven of thea are cross~sectional investigstions of sywptoms
snd diochemical parameters. Of these, five are cccupstional, one is e study
of both occupstionsl snd povoccupationsl exposura, snd ons iv umonoccupstional.
The remsining three reports are cohort mortality studiss of occupationslly
sxpossd groups, In sddition, thers has been e report on eancer mortality in
the Yusho population,

This papar driefly summarizes the status of the epidemiologic evidence on
health effacts as of 1978, and revievs snd evaluates ths aubsequent studies in
dezail.

TEE EVIDENCE AS OF 1978

The Yusho incident of 1968 at first sppesred to be s classic axsmple of
the effects of s massive ingestion of PCRs. Over 1000 Jspanesa hecame {11}
afzer esting & cooking oil contaminated vith Kanechlor 400, s PCB compound of
Japanese manufacture., Ths most common gcute symprous observed wvers hyperpig-
menzation and scne-like lesions, tentral nervous svstem symptoms, discharge
fzom ths eves, sud vomiting snd diarrhea. These syaptoms were dose tvelsted,
snd some of them persisted for ss loog es six yesrs. Lsbdorstory tests shoved
disturbances of liver function snd fat metabolism, snd there were clinicsl
reperss suggestive of some sbuormalities in the children of Yusho mothers
(RI058, 1977).

As of the end of 1977, 51 deaths emong Yusho patients hed been identi-
fied, vith an apparent axcess of csncer deaths (Urade et sl. 1979). However,
the dats vere sot adjusted for age, snd the completenese of sscertsimment of
the deeths s not knovn. The elspsed time from the original incident to the
reported deaths (one decade) vas short enough to cast doudt.on vhether the
concers could in fect have arisen from the Yusho axposura.

In eny cese, in the deceds followving the Yusho incident snslytic
techniques for {dentifying PCBs snd sllied compounds improved considerably,
snd the cooking ofl wes resnalysed. The nev gnslyses shoved that ths Yusho
pacients hsd in fect ingested sbout the ssme swount of polychlorinated didenzo-
furans (PCDFs) as of PCBs, in sddition to polychlorinsted quatar-phenyls
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(PCQs). Current determinstions of bdlood and tissue levels of these other
cowpounds in Yusho patients hsve shown total levels about equal to that of
PCBs (Kimbrough 1980). It therefore appesrs that the epidemiologic findings
in the Yusho {ncident thould properly be sttributed to the more toxic PCD?
rather chen to PC3s.

There vers nine other published cross-sactional studies of symptoms snd
biochemicel parameters related to PCB exposure, one of vhich vas nonoccups-
tional, and one occupational study of cancer morbidity and mortalicy.

In summary, the occupationsl studies found chloracene or sther
dermatitis, sod mild liver function sbnormalities in the absencs of clinfcal
11lness, to be sssociated with PCB exposure, Tvo studies of cholesterol
levels gsve contradictory results, and one study of triglyceride levels shoved
an incresse. The nonoccupationsl study shoved no association betveen blood
PCB levels and sny of the Tusho symptoma, but did not examine liver funztion
or fat metabolism, :

The cancer study found an apparent excess of malignant melanoms based on
three cases, but vaa later vithdravu because of concern about vhether the
exposed population had been correctly ifdentified.

RECENT STUDIES

The seven cross-sectional studies completed since 1978 sddress s bdroader
range of health effects than did the pre-1978 studies, and {n some cases used
formal statistical techuiques to take account of confounding variadles such as
age, sex and veight. Tvo of the studies, Fischbein et sl. (1979) and Swith ac
sl, (1982) evalusted thair findings in relstion to higher chlorinated and
lover chlorinated PCBs separstely. The studies' findings can be classified
under five general headings: dermatologic effects, liver function, fast
setabolism, other objective findings, aud reported sympioms and illaesses.

The cobort zorzality studies, although they collected data on all causes of
death, vere concerned primarily with csucer.

Derastolopic Effects

Table ] suemerizes the results of the five studies that reported on
derzatologic effects. The negative atudy of Baker et al. (1980) examined 18
exposed vorkers, 19 members of their fecilies, snd 89 cocmunity residents with
exposurs to fertilizer containing PCBs. The rest vere occupatioral studies,
twve of vhich found chloracne and sll of vhich found dermatitis.

Fischbein ot sl. {1979) reported that 30 percent of 326 capacitor
manufscturing vorkers reported s history of dermatoiogical symptoms, the most
cotmon being s rash. Those vith symptoms had higher blood levels of high
ehlorinated PCBs. Maroni et al. (1981 1I) reported ten cases of dermszitis
(24ve diagnosed as sctive or pest chlorscne) in 80 exposed vorkess, but
,provided no further data on the blood PCD levels of those with dermatitis
versus those vithout. Chase at sl. (1982) found incteasel dermstitis, and
sose cblotacne, in the most exposed group out of 120 railrcad maintenance
vorkers, but vithin the group found po significent sssocistion with blood or
fa: PCB levels. Smith et al. (1982), {n s study of 92 ezplovees of two
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Teble 1. Studies of Chloracne end Other Dermatitis in
Relstion to Blood PCE Levels*

Study Chloracne Other Adjusted for
Dermatitis Other verisbles
Pischbein et al. (1979) N Y N
Baker et sl. (1980) ] L] N
Msrond st al. (1981 1) b { Y | |
Chess et ol, (1982)  § 1 N
Soith et al, (1982) N b g N
* N = Not found
Y = Found
No entry o Not reported
? = Equivocsl finding
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utility companies, found no consistent sssocistion betveen dermatit{s and
either high or low chlorinsted blood PCH levels.

Although tha dste sre not consistent, they suggest that there w2y be a
grose dowa response relationship betveen dermatitis and blood levels of PCBs,
poesibly complicated by veriations in individual susceptibilicy and in work
habits that may affsct absorption of PCBs through the skinm.

Liver Function

Table 2 shove tha results of the six studies that investigated liver
function. The tvo monoccupational studies showved no liver functiom snomaliee
associated vith blood PCB lavels. The first one did not sdjust for
confounding varisbles (Bsker et al. 1980). The second, s study of 438
residents of s community vith high environmental levels of PCBs, found an
association vhich dissppesred vhen sge and alcohol consumption vers taken into
sccount (Rreiss at sl. 1981).

0f the four occupationsl studiss, three shoved various liver function
snonmslies relsted to blood PCP levels. Chase et al. (1982) adjusted the
rasults for sge. Smith st al. (1982) adjusted the dats for age and sex. The
latter study shoved a significant sssociation of liver function snomalies with
lov chlorinated blood PCBs in one of the tvo plants studled but not in the
other. Maroni et al. (1981 1I) found liver abunormalities sssociated with
elevated blood PCP levels, but the liver adbnormalities vere defined as liver
function snosalies or liver relsted symptoms or clinical findings of abmore
mality. They stste that "only io a fev cases vas g well-defined liver
fallure (presence of symptoms, hepatomegaly, and sbnormal liver findings)
present."”

Fischbein et sl, (1979) found no liver function snomalies sssociazed vith
exposure, and in facet commented on the "paucity of sbuortsal resulzs" iz their
biochemicsel studies.

With the exception of Maroni et sl. 1981, the occupstionsl studies agree
io finding fev or no liver function ebnormaliz{es, and 2o associaced clizical
{1llness.

Yat Matsbolisn

Tadle ) summarizes the results of the five studies that exdmined fat
aetsbolisn. Fischbein et sl. (1979) found no associstion between cholestsrol
or triglycerides snd blood PCBs, Kreiss et al. (1981) found an increase in
cbolastarol vith $ncreasing blood PC? laevels, but no relationship of triglycer-
ides to blood PCBs vhen an adjustuent vas made for cholesterol level. 1wvo
other studies, Beker at al. (1980) snd Chase at sl. (1982) agree that
cholesterol 4s not sesocisted vith blood PCBs but that triglycerides are.

Snith et sl. (1982) found cholestsrol lavels to be positively associatad
vith lov chlcrindted PCBy in one of the two -plants studied.. Triglycerides
were positively sssociated vith high chlorinated PCBs in one plant and
negatively sssocisted in the other, vhere they vero positively associated vith
lov chlorinaced PCBs.
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Table 2, Studies of Liver Function {n
Relation to Blood PCD Levels*

Study Dosa Adjusted for
Abpormalities Related Covariables
Fiechbein et al. (1979) R N
Baker et al, (1980) N N
Kreiss et al. (1981) N b 4
Marou! et al. (1901 II) 1 Y ]
Chase ot al. (1982) 1 Y 1
Smith et al., (1982) Y  { b 4

* N = Not found
Y = Found
No entry = Not reported
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Tadble 3, Studies of Fet Metadbolisz in
Relstion to Blood PCB Levels

Study Totsl ‘ Triglycerides Adjusted for

Cholesterol Covariables
Fischbein et al, (1979) N N N
Baker et al. (1980) N 1 N.
Rreiss et al., (1981) Y N Y
Chase et s). (1982) N Y Y
Smith et al, (1982) N N Y
* N » Rot found

Y = Found
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The preponderance of evidence is that cholesterol {s not sssociated vith
blood PCBs. There {s no obvious sxplsnation for the sssocistion of
cholestsrol and blood PCBs found by Kreiss et al. (1981). Bowever, their use
of cholsstarol as su sdjustment factor for triglycerides implies that they
viev cholasterol as en indepandent varisble that predicts criglycerides. The
rasults of Beker st sl. "1980) and Chase st al. (1982) do not support this
viev, since thay shov that the putecive predictor, cholestsrol, is not ssso-
ciated vith blood PCB levels vhile triglyceride lavels are. Ths association
bacveen triglycerides end blood PC3 lavels appears to be ambivalent et the
least.

Othar Objective Findings

Pischbein et al. (1979), Beker ot al. (1980) end Meroni st al. (1981 II)
exsnined blood chswistry and found no sseocistion with Slood PCB lavels.

Kreiss et al. (1981) found e statisticelly significant positiva associa-
tion between diastolic blood pressurs and blood PCBs after adjusting for
cholastsrol, triglycerides, smoking and race. Hovever, Smith et sl. (1982)
reported no such associeciou,

Wershav et el. (1979) rveported decreased vitel cspecity in 243 capscitor
asnufecturing vorkers compared vith published reference standarde. Hovaver,
wost of the etudy population vers current or former smokers, vhile the reference
standard {s besed ou a non-smoking population. The effects of swoking could
be sufficient to explein the findings.

Reported Symptoms snd Illnassas

Six of the studies {nvastigatad s range of eywptoms and illnesees. Iwo
of them reported positive findings in occupationally exposed populatiomas,
Fischbein at al. (1979) reported s history of gestrointestinal symptoms in 18
percent of 326 cspacitor msnufacturing vorkere, & pravalwace of from 3,0 to
15.2 percent of various wmusculoskeletal gywptoms, snd a prevalence of from 4.8
to 27.8 of verious neurclogical symptoms. Theee vers, hovever, uarelated teo
blood PCB level or duration of employment. Maroni et al. (1981 II) reported
eight cases of gastrointestinsl compleints in 80 expoead wvorkaers with no
indication of vhether there vas e relationship te blood PCB level or duration
of employment. Thay slso raported tvo blaeding hesemangionas end omne cass of
chronic syelocytic léukemis.

The othber four studies reported so PC3 relatad findings. Bpecificslly
Baker st al.. (1980) found mo velstionship with any of the following; faver,
veight loss, snoraxis, fatigue, headache, aye {rritation, cough, shortness of
bresth, neuess, vositing, disrrhes, edbdominsl pain, arthrelgia and persistent
rash. Rredes ot al. !(1981) reportsd the same thing for prevelence of illness
or veight loss in the pravious yesr, uss of mesdication, use of medical care,
history of hesrt disease, snd parcentsge of pregnancies ending in miscerriege,
stilldireh or {nfant death.

Chase-wt-ul. (1962) fetlud to find eny evidence of orgen toxicity in a
reviev of the medicsl histories end physical fiandings in a group of exposed
railroed msintenance workers, and Suith at al. (1982) reported no consistent
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dose-depandent increave in either symptoms or past {llnesses. -Their inquiry
covered digestive, respirscory, central and peripharsl nervous systeo,
dermatologic, and emoticnal symptoms.

The evidence shove no PCB relsted symptoms or {llnessss, sincs the two
reports out of six that mentioned symptoms failed to shov sn assocfation wvith
lavel or duration of exposura.

Carcinogenicity

Table & shovws the major findings of ecancer eortality {n three cohort
studies of PCB exposed worksrs. Brown at al. (1981) studied s cohort of
cspacitor manufscturing vorkars {n tvo plants who had bsen exposed at least
three months between 1946 and 1975 {nclusive in ooe plant or betveen 1940 and
1975 foclusive in the other. Follov-up vas more than 97 percent complete as
of the end of 1975, and expected wortality ves cslculated from U.S, population
rates, UNounstatistically significant axcasses vare found for rectal cancer,
based on four deaths, and liver cancer, based on three deaths. The rectsl
cancers shoved a slight incresse vith an {ncrease in the latency period, but
the liver cancers shoved no consistent trend. There vers mo incresses in
uortelity from these causes sssociated vith incressing lengths of exposurs.

Bertarzi et al. (1981) also seudied a cohort of capacitor sanufacturing
vorkers in & plsnt nesr Milan. The cohort consisted of every persom vho had
votked for at least six months between 1946 and 1970, inclusive, except for
clerical workers. Tollow-up was over 98 percent complets as of the end of
1978, and expected mortality was besed ou rates in the city vhere the plent
ves located. Data were analyzed separately for msle (290) and female (1020)
vorkers. A stacistically significant excess mortality from all cancers, based
on eight deaths, was found in male workers, and s statistically significant
sxcess for all casuses vas found in female vorkers, based on 15 deaths. There
vere nonsignificaut excassas of lyaphatic and heastopoietic caacer in both
sexes, based on foyr deaths, and of digestive cancer in msles, bDased on three
deaths. The sites involved in the digestive cancer deaths vere stomach,
pencress and bilisry tract. No analysis by duracion or latency of exposure
ves attempted because of the small numbers involved, The suthors note that
the cohort vas very young, sad that their follov-up will bs countinued.

Zack ot al. studied gll hourly msle vorkers vho had been employed in the
sanufacture of PCBe in @ general chenical plant for st least six months
betveen 1945 and 1963 inclusive. Follow-up vas approximstely 99 percent
complete (one parson was lost) es of the and of 1977, and expected mortality
vas calculated from U.S. population rates. There vars eight cancar desths.
Ths only motevorthy finding was s non-statiscically significant excess
in lung cancer besed on four deschs. No livar cancer deaths vere found.

DISCUSSION
Doll (1981) has suggested criteria for establishing carcinogenicity from
epidaniologic evidence. They are sisilar to those proposed by the Interns-
-etional Ageney for Rasearch oo Cancer (1980) and are essentislly as follows:

(1) there s sn excess in exposed groups beyoud vhat can de expected by
chance, (2) there is an appropriate relatiouship vith dose or duration of
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Table 4. Inconsistencias in Mortality Studias of Cancer in
PCd Exposad Populations

Principal
Study No. Studiad No. of Desths Pindings

Brown st sl. (1981) 2567 163 Liver
Rectus

Pertazzd ot s}, (1981) 1310 27 Digesctive

Lywphatie
and hema-
topoietic

Zack ot al. ({n prapsrstion) 3} 30 Lung
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exposure, (3) there are no known biasing or confounding factors, (4) the
assoclation {s observed repestedly {n different circumstances. The develop-
ment of these criteria vas stimulaced by concern to provide generally accepted
guidelines for establishing cercinogenicity, but they apply equally wvell to
other healeh outcomes.

Criteria for establishing the abeence of a health effect are inherently
asore difficult. The cliche that it {s f{mpossible to prove s negative is true
but misleading, in the sense that it {s also impossible to prove a positive
association by meaus of epidenfologic studies. A statistically significant
positive finding allows us to conclude that an association exista, with
knovn probability that the conclusion is wrong. Repeated positive studies
reduce that probability in s menner that can be calculated. but thera remains
8 chance thet the finding {s false. On the other hand, s negative study
allovs us to conclude that there {s no association, with & probability of
error that depends on hov grest an associstion really might exist. Repeated
negative studies reduce this probsbility, but there (s always s large
probability that a very small effect might not be detected. Therefors both
positive snd negative studies carry a risk of error, although in both cases
the strength of the evidence may be such as to make thet chance negligibly
small, '

Cross-sectional Studies

There is & reasonable consensus that dermaticis {s sssoclated with
occupational exposure to PCBe, although the dose response relationship has not
been established in all of the studies. Tvo nonoccupational studies agree
that there £s no dermatitis associ{ated vith enviroumental, i.e., nonoccups-
tional exposure. The difference in the results of the occupational and
nonocsupationsl studies is consistent with the order-of-magnitude differences
in the exposures of the two groups.

There i3 s similer preponderance of evidence that =ild liver function
anomalias are sasociated vith occupational but not with nonoccupationsl
axposure. (me occupational study found associsted clinical symproms, buc the
ramsining three studies found no detectable clinical iilness. 3y Doil's
criteria of consistency, it s very unlikely that clinical illness {s associla-
ted with the anomalied found in occupationally exposed populations,

Tindings conceruing cholestarol levels egain shov s preponderence of
avidencs that cholesterol levels are not associated vith blood PCB levels,
even though one nomoccupational study did reporc an association.

The situation with respect to triglycaride leavals {e slightly more
smbiguous., Two out of five scudies, including one nomoccupational study,
found & velstionship with blood PCBs, so that tha possibility thet such s
relationship veally exists must be considered.

Studies of dlood chemistry were uniforuly negative. 7Tvo studies of
diastolic blood pressure gave contradictory results. One study of pulmonary
tunceion suffutsd from & failars to account for smoking so that {ts findings
cannot bs attributed to PCP exposure, Noms of thase areas of study appear to
shov sny rslationship to PCB sxposure.
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Noune of the six sctudies of reported illnesses and sywptoms counstituta
evidence by Doll's criteria. Four studies shoved no relatfoaship of a wvide
range of symptoms to PCB® axposure. Two occupationsl studies reported various
svaptoas, but did not shov that thay vers related to dlood PCB level or
durstion of eumployment,

Cohort Cancer Studies

The most ootevorthy cheracteristic of the three mortalicy studias is
that they do not egrse vith ssch other. Excess cencer of the liver, tsctum,
stomach, pancress, biliary trect sud lung sre esch found {n ooa of the studiee
but ¢n nome of ths othars.

Although the pover of the studiss s limited (the wost powverful oue,
Brown et al. (1981) has s prodability of about 0.33 of datecting a threefold
excess in liver cencer mortelity), the lack of s latency relationship io that
study and che complets absence of liver cancer in the other tvo sctudies
strengthens this pover iam & vay that cannot be quantified precisely.

The averege durstiocn of follov-up in each of tha three studies vas 15.)
years Brovn at el. (1981), [5.7 years (Maroni et sl. 1981) sad 20.2 yeasrs
(Zack et al.). Further follow-up, especislly of the first two studies, wvould
provide the longer Istancy and greater number of deaths thet would increase
tha pover of the studiees. Nevartheless, the dats aveilable at the present
time do not provide the consisrent, exposure releted rssults thet would
justify coocluding that PCBs arse cercinogenic in human belogs.
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DISCUSSION SUMMARY
Renate D. Rirbrough, M.D,

Centar for D{sessa Control
Centar for Envirconmencsl Heslth
Atlanta, GA 130333

Folloving the discourse of Dr. Csffey, Dr. Philip Taylor presented pre-
lininary results of s study he conducted in conjunction with investigators
from the New York State Deparzment of Health for the Nacional Inscitute of
Occupational Safety aod Health. In this study, the effects of PCBs on repro-
duction in occupationally exposed vomen vars investigated. This study vss
undertaken becsuse in the Yusho apisode (accidental ingostion of rice oil
contaminated vith PCBs, chlorinated dibenzofurans and quarterphenyls) l! wvomen
vere pregnant st the time of exposure, tvo of these vomen had uiscarviages and
nine had live births. Three of ths {nfants vers light for age and eight of
the aine had various symptoms of fetotoxicity, such as eys discharge, cola-
colored skin, and erupted teeth. 1n addition, fetotoxicity has baen produced
{n s variety of animal species.

The gohort of vomen that was studied vere vorkers for the Cenersl
Electric Company at two facilities in Upstate Nev York south of Lake George.
The two facilities vere locsted in sdjacent communities and have been iavolved
in the menufacture of capacitors since 1946. There bave been toughly 7400
individusls employed in those compunities betvean 1945 and 1975, of vhom asbout
half vere females. A cohort of women vas studied vhose personnel records
indicated they had taken lesve becsuss of pregnsacy.

Betveen 1958 and 1975, thers vere 388 pregnancies i{n 1354 women that
resulted in live births vithin the State of Nev York, and these became the
object of the favestigation. The tnformation on birth weight, maternal ags,
parity, year of birth, race, sex, and data of last menstrual period var ob-
taioed from birth certificates, and vhere nacessary hospital records and physi-
clan records vere revieved.

From a file of all single live births {n the surrounding two-county srea,
a single control vas selected for each of these births occurring to s capaci-
tor vorker matched on maternsl sge and parity precisely: year of birth plus or
minus & couple of years; sad race. The controls vere cross-checked sgaiast
the personnel files of the GE records to assure that they had never vorked at
GE. The cobort vas limited to persons wvho had vorked at leastc three months
for G and wate divided $nto high snd 16w exposure groups,

High exposure sreas vere those parts of tha plant in vhich thers vas
direct contact vith PCBs during or after the introduction of PCBs into the
cspacitor. The sreas of the plant vith lov exposure consisted of some voman
vith clerical jobs vhiech presumably would have no contact with the PC3s and
vomen from the wmanufacturing process prier to the introduction of PCBs. In
1975, area sasylus taken 1o oo Jurvey showed that the values in tha high
areay, folloving the {wpregnaction of PC3s vars in the neighborhood of 679
ug/n” and in the lover areas they vere 260. In 1977, the aress of high
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expoqure had an average value of 310 and the aress of lov exposure of 227
ug/m”.

Personal air samples ware only dose durin; s NIOSH {ndustrial hygiene
survey in the high aress and averaged 168 ug/w” gir. Atr lcnplos taken {mme~
discely outsids ths plast uvor.s.d in the neighborhood of 6 ug/e” vhile
ambient air levels are 0.l ug/a” or less.

When the birth veights of infancs from the lov exposed group vere com-
pared to county controls, it vas deterwined that the 337 {nfants of mothers in
the lov exposure group had birth veights that vere 66 grame higher than the
bireh weights of the satched county controls. A comparison of gestational
ages shoved that the $51 neonates {rom high exposed vomen had s mesn decreass
of 3.4 days in gestationsl sge snd the mesn difference of their birth weights
vas ainus 95 grams vhen compared to county controls. This di{ffarence was not
statistically vignificant,

However, vhen 51 neocnsces of high and 337 neonstes of lov exposed females
vithio the plant vere compared, the neonstes of the high exposed group veighed
an aversge of 153 grams less then the neonstes of the lov exposed group. This
difference vas statistically significant. When the dats vas sdjusted for
gestational age, it was found that the difference in weight vas largely due to
differences in geststionsl sge. Oversll, 13.7% of births occurred defore 37
veaks of gestation in ths high exposure groups and 5.6 {n the lov axposure
group. The point estimate for ths rate ratio vas 2.4 vith 90% eonfidencs
intervals that did oot cover one. The seauing of thasa results, s reduction
in gestational age of spproximately one veek snd & reduction in birth weight
of about 153 greme, when high and lov exposure groups vete comparad within the
plant is open to interpretstion in terms of diological {mplications. This
study vas the only attempe to investigate reproductive outcomes {n FCB exposed
fenales,

All studies discussed by Dr. Gaffey in the presentation that preceded
Dr. Taylor's vere either croas-sactional studies ip predominantly adult
populations or mortalicy studies. Dr. Gaffey took the liderty of comparing
studiss that vere basically quite different., TIvo of thea vere general
population-type studies; the one by Baker, et al. of CDC, vas done in
Bloomington, Indisna. A general population that had been sxposed to PCBs in
soil ves cowpered to & control population. This population had no higher
blood levels of PCBs thas the comparison group. It is thersfors not surpris-
ing thst no sctriking health effects could be associated vith PC3 exposure.
. The enly exceptions vare s emall group of 18 vorkers or former vorkers who had

had somevhat bigher exposures. '

Aoother study Dr. Gaffey mentioned vas also a CDC study of a predomi-
nancly black population of the small tovn, Triana, Aledbama. This population
hed had axcaptionsl exposure to DOT residues, but ia eddition, vhen ‘serum
semples vera snalysed, PCBs vers also found {n bigh concentratioms ¢n some of
the people. A total of 438 people vars exsained, and the range of the PCBe in
that group in serum wvas 3.2 to 87,9 ug/l. There were 98 perscns in this
group that had 1evals higher thas 30 ug/l. There ves so extensive PCB contami-
nation 1ia the town of Trisne. The PCD dlood levels im thesa people could be
associated vith the consumption of fish. As far as ve could datermine, the
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PCB concentrations in fish had ususlly not exceeded FDA guidelines for the
past ten vears befors the study vas done. An addicional {mportant finding {n
this study vas thst as the age of the people incrssssd, their ?C3 blood levels
seened to focresss, and in femsles the PCB dlood levels vere lover than in
aales. According to s recant paper by Mary Wolff, thers {s also an increass
{n PCBs in edipose tissue vith gge. Dr. Chase in & recent publication, which
vas one of the pepers teviaved by Dr. Geffey, found that tha wvorkers with
longar exposurs hed higher PCB body byrdens.

The incidence of hypartensfon in this black populetion from Triana studied
by Kreafes et al. vee 30I. At & masn age of 24 years, this {e s higher incidenca
then vhat has bdesn ceported among blacks. Aftsr sdjusting for other confounding
verisbles for hypaertension, such as veight, cigarette smoking, aga, slcohol
consumption, thers vas still a swall contribution vhich had to be attributed
to PCH exposura. More studies need to be dona to determine vhether thess
findings can be verified. This population is quite different from the popula-~
tion that Dr. Blair Smich exsmined vhere no assoclacfon vith high blood pres-
sure vas found. In that populacion, the mean sge vae 40. Exposurs ves occupe-
tional fe nature end most of the vorkers vars vhite.

In eddition, Dr. Gaffey discussed three mortelity studies. All of thes
hed {no common that tbe number of available desth cercificates vae very smsll.
Even though small sxcesses of cancer vere found, this {nformation hes te bs
taken vith csut{on because of the limttacions of ths studies. Mortality needs
to bs exsmined further to determine vhat the significavce of these findinge
ts. 1f the latency period for the induction of cencer im humans is 20 to 40
yeats, & sufficient amount of time hes not slepsed to detersine vhether exposure
to PCBs is @ risk factor in tha development of cancar.

Although PCBe vers first msaufactured in the esrly perc of this century,
ve sre gov beginning to see & larger population that hes been exposed to PChe
for 10, 15, and 20 yesrs or longer. This population vill have to be folloved,
further bafors soy decieion on the iscidence of cancer in humans cen be made.

Followving these genersl comments, zany different points vsrs taised by
the sttendees.

Dr. Tayler ves asked vhather the children vhose bdirth weight he reviewved
vars folloved efter birth. Novaver, since his study ves a record search
study, this ves sot poseible mor was it possible to control for eonfounding
variables. It ves, bowever, possible to esceblish thsc 11 children hed died .
up to the ege of 5. Seven of those deaths occarred smong the 383 county
controls snd & occurred among the tofante of the 377 lov axposure gtoup of the
CE vorkers. Im eddition, it ves again pointed out that tha lov exposed group
snd the high exposed group fan the CI plant vere not matched but sdjustmants
for veriables wvere sade {n the analysis of the data.

The point vas made by Dr. Mary Wolff thet Dr. Ceffay's statamant sbout
seoking smong the workers of the Wersav studies vas irrelevant since ths find-
ings of rsecrictive pulmonary function tests ssde in that study vere usually
not sssociatdd vith gmoking. Fevever, epoxies vare used im that planc. This
say ba en iaportant confounding variable,
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Additionel sttemprs to quantify exposure fo the two GE plants studied by
Dr. Taylor vere made by Mary Wolff, The lover chlorinated biphenyls in people
vere strongly correlated vith sir levels while the higher chlorinaced
biphenyls vere not.

Dr. Gsffey pointed out that the duration of followup in two mortality
studies revieved in his presentation (Brovu snd Bertazzi) was about 15-1/2
years and in the Zack study about 20 years.

So, the result is thst the mortality rate, for example, ia the Brown
study for males vas about 5.3 per 1000; in the Bertazzi study about 2.79; but
smong males Brown's rate vae 3.8; Berctazzi's rate vas 0.48, It seems to be sn
excrsordinarily lov mortallty rate and yet it vas almost 100 more than
expectad. It {s very difficult to axplaim.

Zack's rate for males vae 12.6 per 1000 vhich 1s understandable becsuse
the cucoff date for sdoiasion to the study vas 12 years before the end of it,
but it 18 puzzling. 1Ia the Bercazzi dace the cohort is admittedly young. H{s
males have s lover rate thesn Brown's, sbout half the rete, but his femalas
have about 1/8 che rate. 1t is vary puzzling to him,

Since in the Trisse etudy (Rreise, et al, 1981) axposure to PCPs and DDT
residues had occurred, the question vas raised vhather the affects of DDT
residues and PCBs could ba edditive, and {t was pointed out that the snalysis
of the dats did not seem to indicate thia.

Or. Blair Soith, Natioual Institute for Occupationel Safety end Health,
iudicated thst in capscitor plent workers which ha had gtadied ths meen serum
PCB levels of the lower chlorinsted homologues varas on the order of 300 ug/l
vith s background lavel of 10 to 15 ug/l. TYet, tha wortality data from the
Browvn study of & plant vhich vas similer vere equivocsl. Be is therefore laft
in 8 quandry sbout trying to impute some human toxicity to PCBs in the occupa~
tional exposure situation.

In chat regard Mr. Devid Brovn sskad him to say that he ves planning to
follov up on that cohort vhich hes dean folloved through 1975. Ba will be
Tollowing it through 1980, With sadditional years of foilowup, the sctudy vill
stetisticelly become more poverful end poseibly some of the borderlive excess
risks for cancer may turu out to be statiscically significent ov possidly not,
Dr., Smith went om to point out that in those studies vhere tha msgnitude of
the association betwvesn PC) sarum levels and diochemticsl tests was reported in
s quantifiable vay that the smount of variation vas {u genersl no wore then
sbout 10%, In regerd to liver function tests and seruns lipid or plasma lipid
sbnormalities, the associstions eppear veak,

When Dr, Smith analyzed his dats obtained from capacitor workers blood
pressurs, unadjueted for age, vas correlated with serum PCH level; but when it
vas age sdjustad, the correlation vant away. At prasent, Lt {s not poesidbls
to axplain tha discrapancy detvaen his study and that by Rretas, et sl. (1980),

Dr. Geffey theu made the-point that the Browvn and Jonss' study has some
data for longer latency periods, and the cancer dsts suggests go trend. Ha
gsve vinyl chloride as en exzmple vhere, vith these kinde of studies, some-
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thing vould hava been seen. It was noted by Dr. Kimbrough that in the Browm
and Jones study there seemed to be s trend for rectal cancer, and sioce vingl
chloride causes such ao unusuel tumor, it is much more easily detected. In
addition, she pointsd out that basically snalyzing desth cercificates is a
very {nsensitiva tool.

Whersupon Dr. Taylor objected, indicating that ralative to the other end
points presented hare, they ers es asnsitive, Be also 1odicated that continu-~
ing ss & former vorker from CDC located {n tha Newv York Scate Health Depart-
ment, ha would be looking st and expected to have sveiladle information vithin
the next year oo the entire cohort of 7400 and some odd workers of the CE
cohort. At chis point, 750 desths have Leen identified which vill mske the
issue of arguing sbout thirties snd forties reasonably moot for ths parciculsr
PC3 compounde—that: exposurs vas {ncurred at those perticular facilities.

Dr. Gaffey 4n further commenting om the Brovn study pointed out that
there vere cnoly chree liver cancer deaths; {t is fairly difficult to shov a
trand vith ouly three observeticus. The Brovu study was, in terws of .
statistical pover, s relatively weak study.. It vill become more poverful with
increasing length of followup. As epidemiologists, ve nre dealing with highly
varisble outcomes fraught with error, both due to inharent biological
varisbility and variability due to analytical techuique end mediocrity of the
vecording of informstiom on death certificates. Givan the inherent dirtiness
of the data, hov refined does our measursment tachnique have to be in terms of
separating out specific PCB isowers and homologues? 1In place of a single
nusber, the proliferstion of additicoal aumbers as predictors is confusing.

Whereupon Dr. Taylor stressed that vhenever randcaly sloppy data sre
snslyted, the biss is slvays {n the null directifon., If g difference i»
denonstrated with sloppy data, it 1is more likely that 4t {a true than it
isn't. Hovever, if s difference is not demonstretad and tha data sre sloppy,
then 4t must be deteruined whether the tnabilicy to ascablish & difference is
related to poor measurement techaniques. Mr. Bod Noooan with Amtrak asked
Dr. Gaffey vhether, in trying to explain the apparent contradictions end incon-
" sistancies in findings in the cross-sectional studies, was an aZtempt made to
coupare PC3 dosage laveles and wode of exposure. Dr. Gaffey stated that he did
not sttespt to do that,

Dr. Gaffey, vhan asked by Dr. Chase vhether he felt that the studies he
revieved vere not adequate stated that the cross-secticnal studies wers quite
sdequate and that the mortslity studies ars mors sdequate than has been sug-
. gested; and that the problems that have been raised sbout the pover of the
tests are beside the point because s aosplex of things is evaluatsd. The
pover is examined to detect excess mortality ot e trend. In the studies that
do not show av excess, 1t {5 determinad vhether there is something that {s
elmost there, but there eppears to be nothing of this kind., Maybe as these
studies are folloved up further, the evidence vill become evea stronger, bdut
the evidence does not indicate & csrcinogenicity problem with PC3s or other
problems beyond the dermstitis and the marginsl liver sbnormalities.

According to Dr, Chase, vhen desling vith the {ssue ot caacer with a long
latency period ekxceeding the latency pericds alloved for in eny of the thres
cross-sectional studies, the studies vere vot sufficiently poverful, either
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collectively or fnd{vidually, to detect sn incressad risk, Further, there may
not ba & trend {n the liver csncers, but there {s an axcess of liver cancers

in the Brown study. Ths excess is conceded by Brown as not being statisticsally
significent. It 1s of interest thst there {s an excess of liver cancar in the
Yusho population ss vell, sgsin, not scatistically sign{ftcsnc, and the ccrclu-
sion is thet s sufffctantly poverful study {s not yet available to say acy-
thing definite. This has been said by a couple of ocher speakers. )

Dr, Caffey respounded that he di{d not zeation the mortality in the Yusho
populstion bsceuse he discountsd {t ss g PCB-rslsted phenomencn. It is not
known out of vhaet populstion it arose becsuse as time hea gona on, the defini~
tion of Yusho has changed, and tha denominstor has changad in veys chat are
noc pradictable, Sacondly, the mortslity daca from the Yusho study have not¢
bean age sdjusted. Thus 4t is not possidble to determine vhet percentsge is
too high since comparisona with an age-adjusted populstion cancot be made. In
other worde, this 1s not en ags and time-sdjusted proportional morcality study;
and third, the elapaed time tncterval, ac least from the Yusho incident uncil
the first mortality figures ars given vas ten years. For the Yusho deaths,
the question is vhether a latency period of less then tan years, mey heve been
too short to cause tha cancer. As far as Brovn's study {s concerned, even if
his excess in liver cancer vers statistically significant, it should mot be
accepted ss bsing occupationally related unless it wers related at thes vary
nioimum to latency of exposure and possibly sleo to duration, end neither of
these vere ths cass,

Dr. Chase sgreed on the shorzcomings of the Tusho data but the thres
studies presentsd by Dr. Gaffay do have sone shortcomings as vall. They ave
not sdequete to drav & definitive conclusion as to. the carcinogenic risk of
PC3 exposure yet. There is slso & question sbout Fischbein's study. According
to Table 2 of Dr. Geffey's presentation, no dose relationship between liver
function tests and PCP levels vas found. The Fischbein article seemed to suggest
to Dr. Chase thot the main liver funciion tescs vers not significantly
abnormsl in the exposed group but that there vas a statistically significent
1{naar correlstion betveen st least one of the liver function tests and PCB
tevels which hes slwo bsen reporzed Iz other studies. Furtherzore, in the
1979 Fischbeir study it vss statod cthat enelysis of data to determine vhether
so associetion betveen PCB serum levels, cholestercl, and triglycerides
sxisted would be reported at s later date.” - o

Dr. Joha Brown of General Electric pointed out that chemically PCBs ars
1ipophilic agents which tend to distridute at equsl concentrstions in all
1ipid pools 1n the body within s fev days or vaeks, snd this meens that the
leval dn 14pid reservoirs, such as the cicellar lipids of the lipoproteins in
blood temd to approech that of the PCP adipose tissue reservoirs. As & rtesult,
in any population of fundividuals heving similar adipose tissue levels the
blood level of PCD wust of necessity parallel that of the level of bloed lipid,
So, thara {s s confounding in thers. You predict that is a populscion of such
individuals you vould have to find a correlation unlase the second lav of
thersodynaaics vere bsing violated. The correlation may become veask end diffi-
cult to ses in a large populntion reflecting & lerge spread of edipose tissue
PC levels. The fact that thers is a confounding betvedn-the levels of blood
14p1id snd blood PCB means that it is diff{cult to establish correletions vhich
infer that PCD has caused a change in 1ipid metabolism or s correlate of
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elavated blood 1lipid such as hypertension. BHowever, this does not mesn that
such hypothesized corralations csonot be tested. Instead, vhat it msescs is
that the propar correlats to look for in testing sither hypertcnsion or serus
14pid {s not the serua PCB level but the sdipose tissua PCB level,

In the case of tha GE cspacitor vorker population, this has been explored
by GE. A sigunificant correlation of the ssrum PCB levals vith both triglycerides
end cholestarol vas found. Hovever, this correlation vanishes vhen correlations
are psde vith adipose tissua PCB levels. Apparentiy Dr. Chese has made similar
observations {n his populetion and Dr. Browvn raised the question vhether this
prodlem of confounding had besn exsmined by others who are looking for abnormal-
itiss in lipid mecabolism. It vas pointed out by Dr. Kimbrough that to har
knovledge, this had not been done. The fact that there sre highar concentra-
tions of lipids in sarua might explsin vhy some people havs higher PC3 blood
levels. They varse concerned sbout that in the Triene study because only blood
levels vere dons. In s populstion thet gets older, cholesterol lavels ssem to
increase in people thet est s vestern type diet and with {t, PCB blood lavels.
One arguvent sgainet that would be the fact thet there seems to be a relatively
consistent ratio between {CB blood lavels and PCB adiposa tissue lavals.

Dr. Browvn {nd{cated that to the extant these ratios have been examined by
GEZ, @ batter corralation exists between adiposs tissue PCB laval snd serums PCB
level if & correction {s meda for the serum lipid level.

In response to a question by Dr. Friess, Dr. Kimbrough steted that there
sre some scientists vho feel that it would be better to use sdiposs tissue for
the determinstion of bdody burdens end as an expcscre index. It 1is of course
wore difficult to get adipose tissus than it is to obtain blood semaples. In
large studies, the tendency has been to nse serum and to deterwine PCBs in
ssrun snd sssume that this represents a small portion of vhet is 4o ediposs
tiesue, If results from populations ars revicved vhere laboratory analyses
have been adequate, there seess to be a constent ratio between PCB concentra-
tions {n adipoes tissva and fn serum. This ratio varies vith time to last
exposure if exposure vas recsat snd such problems ss veight loss.

Subsequently Dr. lan Webber of RTE Corporation took issue with Dr.
Caffey's statement that the Yusho oil incident wes not a PCB relsted incident.
Dr. Wabber stated that in the case of tha Yusho oil the PCBs hed baen in use
for some considersble time end had degraded to give a "dirty" oil. It might
be that the heat sxzchauger application of PCBs results in a vorst csse
situation. Transformer 0ils ou the other hand tend to degrade slso. -From &
practical point of viev, health studies that involve the largest smount of
exposure to people in terms of either those getting rid of PCBs from
contaminated oils or pecple involved vith retrofilling transformers, should be
done becsuse these are the people vho are likely to come {nto contact with
dibenzofursns {n PCB solutions. HRave sny studies been done vith used PCBs!?

Dr. Robert Bell from GE then {nforaed the sudience thet they vere in the
siddle of & project evaluating 40-year-old traneformer fluid. Their findings
*n dete {ndicate that ths levels of dibenzofurans in 40-yesr-old fluid sre at
or belov levels of tihe original PCBs that wers delivered to CE. Thus,
transformers opersting st ambient temperatures do ot pose & significant
hazard,
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Dr. Webber countered that those transformers operating at ambient
tenperature probably do not comtain significant lavels of di{benzofurans.
Thers are hovever, s lot of factors in the use of PCB oils that come into
play, the age, the asount of oxygen involved and hot spots caused by faulting.

Dr, Ball then mentioned the Binghamton case. Dr. Kimbrough ssked vhethar
everybody vas familisr vith the Binghamton situacion. A trensformer caught
fire and a lot of combustion products were formed. Baecause the transformer
aleo conteined chlorissted benzenes, chlorinaced d{benzodioxins formed in
sddition to chlorinated dibenzofureus, and because of the way the eirshaft vas
situated {n relation to the transformer, all of this material ves evenly dis-
tridbuted over & very large state office building,

According to Dr. Ahncd. epideniology is ¢ tvo-edged sword and one can
prerty much argus one's case depending upos hov ome interprets the data.
Taking Dr. Caffsy's presentation and other information ss well, & correlation
is assumed batveen PC3 blood concentration snd actual exposurs levels. 1In eny
kind of su epidemiologic study, it could be asked vhat the actusl exposurs
level of the fndividual or cohort to s given agent vas. Obviously, surrogates
ars used, and this could lead to all kinds of interpratstions vhich may lead
to positiva ecorrelations or negative correlations depending upoun how 3¢ all
comas out.

Secoudly, to addrese the problem of confounding variables, Dr, Gaffey in
ona slide shoved studies that vere done since 1978. Soma of the studies had
besn adjusted for confounding variadbles, and some of thes had mot. Dr. Kimbrough's
dets shoved thet PCD blood levals incresse vith age, st lesst {n this particular
group and that there vas & sex difference in PCB blood level. This slone
should warn us that we should try to sdjust for variables in eny of these
studies. We have 'to adjust for sge, ethnic differences, sex, snd so on.
Unless this 1s dons for ell studies, they cennot be corpared on tha same baoil.
Those studies thet do caks smoking habits sad various other confounding variables
{nto sccount are obviously far better. Unfortunately, msny of the studies
sresented here have not looksd into these fsctors properly. Dr. Gaffey made s
suggestion that statistical pover could be fncressed {f studics vera combined,
Issye must be taken with pooling different populations from different geographical
areas, such as the Browm study and the Bartazz{ studies, which vare done in
tvo diffevent parts of the world, The twe populaticns obviously had ethoie
differences and the study protocols used vere quite different, Stetisticsl
pover, even though ve should look st ell of the information in a qualitaetive
vay, has to be used f{a such & vay thet the statistician will ggree gives s
value of the sensitivity of the study. Some of the studies presented today
vare occupstionsl and others nonoccupstional. No information vas given in the
nonoccupational studias sbout tha degree to vhich these {ndividuals vare
exposed. Problems sbout latency periods exist, Since vhen and hov long vare
iadividuals exposed to PCRa? Hov did their blood coucentration correlate with
their sctual axposure years ago? There are so many problems vith each of
these studies, it cannot possibly be coscluded vhether or not PCBe cause the
kinds of problems presented. We do have positive studies on dermatitis end
chlorsens. Then there ara studies that conflict with one amother, How can it
be concluded that this means that there are no problems associated vich PCB3s?
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Dr, Caffey trespondsd thst hs did not think thet he ssid thare vere no
problems, but that he speci{fied tha problems thet sesmed to be consistently
- turning up. In eddition, thare is slmost no vay to get around using surrogacss
for sxposurs in cohort mortelity studies dacsuse {t {s not possible to measure
vith suy precisfon ths exposures that took place msny years sgo. Furthermore,
confounding verisbles can frequeatly create spurious differences. They can
rarely vipe out veal diffarences becsuse to creats a differencs vhere there,
{n fsct, is nons, eny confounding varisble will do. But to vipa out dif-
ferences that exist, s conspirscy among & number of confounding veriables {s
needed vhich {e rather unlikely. The nonoccupstionel studies have in common
the fact that their sxposurss are low, avd tha occupationsl studies have {n
common the fact thet their expoesurss ere high. 1t wvas not suggested that some
simple piece of erithmecic can combine ell these studise into one overall
numerical estimate of pover, but sny ressovable sssessment of the evidence has
to tegard not the pover of en individusl study, but tha mses of the evidence,
not svecessarily in eny formal wvay, slthough this could be dons.

Dr. Kimbrough pointed ocut thet individuel susceptibility muet be con~
sidered se vell eand that thare ssems to be au affect on reproduction {n
animals end that hee not been studied to eny greet sxtent in humsns. Animsl
deta also euggest that femsles are perhaps more sensitive to the toxic effects
of PCBs then msles, end parheps 8 grester effort should be made to look for
heslth effacts in females.

Dr. Brovn respouded to en serlier question raised by both Dr. Friess and
Dr. Ahmed releting to the persistence of PCBs 12 ths body end vhether body
burdens csn be used ss & measure of integrated exposurs. They are attempting
to ansver this question through their studiss of the GE capecitor votrker group.
The rasults to dste {ndicete thet most PCB isomers of the Arvclor 1254 type
sre highly persistent in the body, and they don’t clssr. Ouce they heve bean
deposited in the body they sre thare forsver unless they cen be excreted through
lactation. This msy be true for s fsv isomers of the lover PCBs. Thare may
be one or two {somers thet can be used for tracking integrated exposure. This
is not cartain yet.. Most of tha lower chlorinsted homologues sre clearad but
cartainly the higher {somers represenct & persanent record of exposurs.
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CHAPTER 6
HZALTH EFFECTS - LABORATORY STUDIES

The first paper in this chapter revievs the deasigns and results of animal
stud{es performed to assess the toxicologicel effects of PCPs. For the sake
of thoroughness, this reviev {ncludes several scudies cowpleted prior te 1978,
Dats sre presented snd discussed on the folloving topics: skin effects,
reproductive dyefunction, teratogenicity, fetotoxicity, liver structural and
enzymatic alterations, gastric lesions, immunosuppressive sffects, porphyria
induction, cercinogenesis, snd mutagenesis. The paper concludes wvith &
suomary of knovn effects in snimals and & comparison of these to findings in
huzans.

The second deals specificelly victh one PCBs effect known to occur ia both
snimels and humans =~ liver enzyme i{nduction. The date demonstrates in
substentisl detafl hov substitutions in the pars, mets, end ortho positions
cen slter this aceivity. The enzyme induction by the PCBe is compered to the
established structure~sctivity relationships of ths phanobarbitsal snd methyl-
cholanthrene type inducers, ss vell as to the more haserdous polychlorodibenzo-
p~dioxin compounds.

The discussion summary begins vith s detailed enelysis of the enimal
carcinogenicity studies, both thoss presanted in the paper and seversl eddi-

tionel studies. The discussion summary then exsmines ths "i{nitistor-promoter”
theory and the implications of rac liver nodules findings.
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POTENTIAL HEALTY EFFECTS FROM EXPOSURE TO POLYCELORINATED BIPHENYLS;
LABORATORY STUDIES

$. L. Friess, V. A, Drill, B. W. Hays, T. A. Loomis, C. B. Shaffer

Friess, Drill, Heys, Loowis aud Sheffer, Inc. Consultents in Toxicology
Arliogeon, VA 22209

INTRODOCTION

This presencation is extracted from ¢ rsceot reviav of potantisl haslth
sffeccs in the humsn from sxposurs to polychlorinsted biphenyls (?CBs) end
related {mpuritiss, as prepsred for the Netional Electrical Manufacturers
Associastion and the Edison Electric Institute under date of Jenuery 25, 1982,
Tvo teaas of specialista, representing the discipiines of medicine, toxicology,
pharmacology,. biocheniscry and spidamiology, participated in the study. The
first team revieved the PC) baelth effacts litersture {n detail through 1981,
and preparad dreft reports on the relationships betwsen PC3 exposure end
specific health effacts 1o test snimale snd {n exposed people. The second
tess of scientists {odepsndently revieved the draft material. Couclusions sud
opinions reflect contriduticos from both tsams. The present focus is on
effects {n laboratory snimsl models subjected to conmtrollad toxicological
experimente, vith edditioval comment on the besring of thess results on
potentisl health problems {a exposed human populatiocus.

REPRODUCTIVE EFFECTS IN ANDLS

Reproductive Problems

Numsrous raporta have sppeared in the literature on the effects of poly-
chlorinated biphenyls on reproduction in animsls. Gellert and Wilson (1979)
shoved that female Spregus-Daviey rets gives 30 mg/kg Aroclor 1221, 1242, and
1260 by gavege during days 14 through 20 of pragnancy had no effect oo
reproduceive fuaction as judged by (e) normal eserus cycles, (b) normal
appesrance of overies sud uteri, and (e) fertility of malas. Feading 550 ppa
of Aroclor 1254 for 67 days to Sherman rats resulted {n fever littecs, smaller
l1itter size, and 100X mortality by day three of ths F1_ pups. At 100 ppa
survival of both P1_‘sud ¥l offspring vas reduced, e pups vere smaller
than controls but sfipeared Sormal at vesnisg. Aroclor 1260 fed st a dietary
level of 300 ppm (35.4 ug/kg) for 67 days prior to sating markedly raduced
licter size and survivsl-to-waaning in the F1_ and llb geuneration. Dietary
levels of $ ppm Aroclor 1254 and 100 ppa Aroclor 1260°had 8o effect on reproduc~
tion {n rets exposed through tvo generations (Linder et al. 1974). A diecary
concantration of 2.5 ppm of Aroclor 1248 preduced alteration in the manstrual
cycle of adult female rhesus monkeys. Menses vere prolonged sund meastrual
bleeding ves iucreased (Allen et el. 1979),

Replingar ez el. (1971) .€ad tats and dogs Aroclor 1262, 1254, and 1260 at
dosas of 1.0, 10.0, and 100 pps. Mo adverse effect on reproduction wvas
observed {n rats given 1.0 and 10 ppm Aroclor 1242, but thers vas & decrease
in survival of pups at 100 ppm of Areclor 1242, 1234, and 1260 es vall as ¢
decresss in mating indices. The effect of PCBe on reproduction in beagls dogs
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and ewvine has been studied by Earl et al. (1974), Aroclor 1254 {interfered
significancly vith reproduction in dogs st doses above 2.5 mg/kg/day while {8
svioe 10.0 og/kg/day lovered fercilicy snd survivability of neonstes. The
reproductive effects {n dogs sre questiouable because of unexplatned changes
fo the reproduct{on pattern among coatrols.

Ia & study reported by Allen st al, (1974), six adult, female rhesus
monkeys vere fed ¢ diet concaining 25 ppm of Aroelor 1248 for twvo sonths.
During this perfod, all animsls developed characteristic sigos of toxicity,
although they maintained a reguler senstrual cycla, Oue snimal died. At the
beginning of the fifth moanth, or three months sfter discontinuance of exposure
to the test substance, av actempt vas aade to breed the survivors. Three
sninsly sppeatred to coacaive, but only one succeeded in carrying her fetus to
term, Although this infant vas vell developed, its body veight vas considerably
lover thao thst of the averags rhesus infsot. Examination of the tissuas
shoved no gross or microscopie lesions.

In a8 second study by the-Wiscousin group (Barsotti et al. 1976) fovolving
18 sdult, femsle rhesus monkeys, nine vere fed & diet cooteining 2.3 ppm, and
nine vers fed a diet containing $ ppm of Aroclor 1248, After seven months on
these diets, the eight surviving animals from the 2.5 ppm group and eighe from.
the § ppa group vare msted vith control males. All snimals in the 2.5 ppm
group becasms preguant, but three of these resorbed thair ambryos; the remaining
five geave birth to liva infants. In the S ppm group six enimels became
pregnent. These impregnations resulted fn thrae sbortions, one resorption,
one stillbirth (suffocestion during difficulet delivery), and one uncomplicated
birth., At birth, the six :afants vars small; however, other then their sasll
stature snd focal aress of dermal hyperpigmencacion, thair general sppeasrsnce,
hezograns, and osseous development as evaluated rediographically vere normal,

3eratogenesis

Mice

PC3s vere not taratogenic in mice st doseges up to 500 mg/kg given on
days one through six or days savan through 11 of gestation (Toeruek 1973).
Howaver, & receat study (Marks et al. 1981) with tha hexachlorocongener 3,3,
4,4', $,5'-hexachlorobiphenyl (n mice at dossges in the renge of 0.1-16
ug/kg/day during deys six through 13 of gestation produced s significant
{acrease 1in fectel melformations, s siguificant dacresass in average fetal
- waight, end an focrease {n the percantags resorptions.

Some wice exposed to 3,4,3'4'=tecrachlorobiphenyl vere reported to
exhibit & "veltzing syndrome" (Tilson et al. 1979). Tha doesge vas 32 ag/kg
sdainiscered by gavege .to the mothers on days 10 through 16 of gestation., The
syudrome consisted of increased sotor sctivity, hyperreflexia, sod episodes of
hegd bobbing and rotational movements that vere present up to st lesst sight
sonths of age. KRot sll exposed aics were affacted similsrly, but aven those
that did not exhibit the syndrome showed diminished pesformance in various
naurcbehaviorsl tests, Tilsan et al. (1979) refer to these aobservations as
the "behavioral teratology” of 4-CB,
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Rats

There ars a plethora of studies in vhich the reproductive effscts of
feading various Aroclors to rate have been investigeted (Calandra 1976,
Cellert and Wilson 1979, Replinger et al. 1971, Keplinger ot al. 1972, Linder
at al, 1974, Villeneuve et al. 1971a). Collectively, these studies raported
fetotoxic{ty ss the dosage ves increased, but no terstogenicity vas demoun-
stratad. It may be useful to note the order of magnitude of the dosages
{involved. Villeneuve at «l. (1971s) found no effect from the administration
of dosages of up to 100 ug/kg per day orally to pregnant females from the
sixth through tha fifteenth dey of gestation,

Dogs

In the study conducted by Earl et sl. {1974), pregnent bitches vare given
doseges of 0.23, 1.0, or 5.0 mg/kg of Aroclor 1254 from the day of breeding to
the day on vhich thay veres necropsied. At 5.0 og/kg, thers vas ao incresse in
the percentage of resorptions, s decresse in the numbar of live pups.per
1icter at birth, end & reduction in the percantage of those surviving to tvo
veeks., The terata obsarved consisted of enlarged foncanelles, cleft palatae,
and superfluous phalanges. This doeags ves said to limit diet comsumption
severely. The suthors state that one litter of the controls "may have hed ¢
genetic defect that caused an unususlly high ineidence of terata."

Svine

Zorl et al. (1974) included miniature swine (Hormel strein) {n the
investigation descrided immediataly sbova. Pregnant sovs vere given daily
orel dosages of | mg/kg, 10 mg/kg, or 30 vg/kg of Aroclor 1254, Dosing begsn
2] days bdefore breeding end was continued until the day of necropsy. Tha
suthors concluded that dose-ralated affacte vare seen at all treatment lavels
49 evidenced by decrasases in the nucher of pragnancies, number of live pigs
fervoved per litter, and perceatage of live offspring after tvo veeks of ags.
Syndactyly and cleft palates vers obsecved in the young of sovs receiving 10
2g/kg, and patent fontenslles and cleft palaces in tha offspring of those
receiving )0 mg/kg. As in the case of the dogs, the higher dosages caused s
narked reduction in food consumption.

Fetotoxicity

Rabbits given 1.0 mg/kg of Aroclor 1254 daily for 28 deys of gestetion
shoved no effect on the developing fetus but doses of 12.5 to 50 mg/kg vers
fetotoxic, Rats appesr to be more resistant than rabbits, as doses up to 100
og/kg do mot cause fetel desths or melformations (Villeneuve at sl, 1971a)
Embryotoxic sffects of Ranechlor )00 and 500 were produced {n Sprague-Davley
JCL rate vhen fed at levels of SO0 ppa in the diet throughout gestation
(Shiots 1976b). Diets containing 5.0 ppa of Aroclor 1248 vare fetotoxic to
thesus aonkeys. Studies in mice on the transfer o! PCBs to fetuses end
offspring indicete that the amount transferred depende upon the chemical
.gsruccure of the individual cocnounds snd the position of the chlorine atoms
vithin the cheafcel structurs (Masuda et sl, 1978, 1979).
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CARCINOGENICITY
Rats

The three ssjor studies pertaining to PC3s sad bhepatic carcinowa ia the
rat are those of Kimbrough et sl, (1975), Calsndra (1973}, and ths National
Cencer Institute (1978). Kimbrough and covorkers, using the Sherman strain of
rat, found that 100 ppa of Aroclor 1260 in ths diat for 21 months produced a
significant incrasse {n the incidence of hepestocellular cercinoma io femals
rats. Male rets vere not studfed.

The sdministretfon of threae different Aroclors st & dose of 100 ppm to
rats for 24 monthe did not induce hepatocellular csrcinoma (Calandre 1975).
The suthor statss thet this nagscive finding ves based on evalustion of the
1{ver sections by three pathologists, who resd the slides {ndependently and
separately. He stetes furthar that Professor P, Pour resvaluatsd the Kimbrough
elidas end did vot egree with the reportod findings.

Results of the Netional Cancsr Instftuta (1978) bioassey of Aroclor 1254
for possible carcinogenicity differ from those of Rimbrough wvith Aroclor 1260.
Fischer 344 rats vare used snd the PCB mixture vas sdministered at three dose
levels (25, 50, end 100 ppm) in the diet for 104-105 weeks. Ths offect of the
trestment on body veight and mortality st the higher dose levels demomstrated
thet maximum tolerated doses vere used, thus providing s satisfactory test of
carcinogenic potential. A sufficient number of rats of both sexes was aveilable
for mesningful statistical snalyses of the fncidence of lste-developing
tumors. Trestment vas essociated with ouly three hepstocalluler carcinonas {n
wele rats, vhich ves not significently different frow the controls, and it vas
concluded that Aroclor 1254 wes not carcimogenic in the bioassay.

Ito et al, (1974) treated rats with 42fferent doses of Kanechlor 300,
400, and )00 for periods up to 52 veeks; hepatocsllular carcinomas wers not
observed, but the durstion of trestment was probsbly too short to rule out the
possibility of s positive response.

Mice

Ito et al. (1973) observed hepatocellular csrcinomas in mice only in the
high dose group given Ramechlor $500; lover dosss of Kanechlor 500 or tha other
Xavechlors did not produce s carcinogenic response. The administrationm of 300
ppa of Aroclor 1254 4n the dfet for 1l months did not inducs hepstocellular
carcinomas in mice (Kimbrough and Linder 1974).

Dogs
HSepatocellular carcinoms did not occur in dogs (four male and four femsle

per group) teceiving 1, 10, or 100 ppa of Aroclor 1242, 1254, snd 1260,
raspectively, ia their diets for two years (Calandra 1975).

General Commait

Aninal studies do not provide convinciog evidence that PCBs induce liver
cancer. Of the major studies {n the rec, one has been judged positive and two

213

MONS 026256




have been negacive. Hepatic carcinoma vas not produced fn ths dog. Chronic
administration of Aroclors {n the rat did sot induce bladder cancer, gastro-
intestinal carcinomas, or cauncer of the thyroid glasd, pituitary gland,
adrenal gland, uterus, lung, hematopoietic system, or other organs. Datas from
the mouse provide only lim{ted and resctricred evidence for a carcinogenic
effect of .the Japanese product Kanechlor 500,

MUTAGENIC EFTECTS

Tests for mutagenic ectivity of PCBs in mammalian cell systems or {atset
aninsls vere unifornly negative. Specific tests and their results sre listed
belov,

Cytogenetic Analysis In Vitro

Boopingarner at al. (1962) activated cultured human lymphocytes with
phytohemagglutinin and treated them with 100 ppm of Aroclor 1254 st varicus
stages of & division cycle. The calls then wara exsmined for chromoscmal
aberrations for the different stage treatments. Aroclor 1254 had vo apparent
effect on chromoscmal integrity as measured by cytological evidenca.

Doaninant Lethality in Rodents

Green ot el. (1975) concluded that Aroclors 1242 and 1254 vere mot
wutsgenic since they failed to induce dominant lethal sutations in rats. In
similar studies reported both by Keplinger et al., (1972) snd Calandra (1976),
Aroclors 1242, 1254, and 1260 vere administered to male, albino mice in a
single intraperitonesl dosage of either 500 mg/kg or 1000 mg/kg. Subsequent
mnatings of these auimals to control females shoved no effect of trestment on
the nusber of {mplantation or resorption sites, nusmber of visgble embryos, or
preizplancation loss,

Anes Test {n Salmonells

Aroclors 1221, 1254, and 1260 showed little muc.genic activity ia che
Ames test (Wyndham et al. 1979) with indications that Aroclors with lower
chlorine contents ere veskly positive i{n the Salmonella test systems. Hovever,
these results must be discounted since they could not be replicated (McMakon
et al, 1979, Safe 1980). As s general finding, Heddle end Bruce (1977),
HcMahon et al. (1979), Schoeny et el. (1979), aud Safe (1980) were unakle to
fiod evidence of mutagenicity of PCDs in bacterial test systesms.

Cytogenatic Analysis In Vivo

In tvo {uvestigations, PCBs vers judged not to have produced chromosomsl
abnormalities. Dikshich et el. (1975) examined seminiferous tudules of rets
st different {antervals sfter daily dosages of 50 ag/kg of Aroclor 1254, Green
et al. (1975) exsmined both bone marrov snd spersstogonial cells of rats after
either s single dose of 5000 sg/kg of Aroclor 1242, or four daily doses of 500
2g/kg. In all ceses, it vas concluded that no significant chromosomal damage
had occurred.
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Microoucleus Test

The micronucleus test {3 & test for sgents that tend to break chromosomes
(clastogene). A wmicronucleus is & fragmeant of chromstin that has broken avay
from a8 chrowosome during call division and has failed to be fncluded in efther
of the daughter nucief. The phenomencn can be observed best ip nevly formed
erythrocytes since these stain differencly from the mature erythrocytes in
that they exhidit polychromasis for s period of 24 hours or so. Heddle end
" Bruce (1977) reported Aroclor 1254 ss negative in s micronucleus test.

OTHER HEALTH EFFECTS

Effects on Skin

Epithelial snd follicular hyperplasis and hyperkerstosis have been
reported to occur folloving the application of PC3e on the skin of xabbits
(Vos and Beeas 1971). Skin lesions have also besn observed {n rats and guises
pigs from the spplication of PCBs. Repeated application of Aroclor 1260 to
the skin of rabbits caused thickening of the skin ss a result of hyperplasia
snd hyperkeratosis of the epitheliua (Vos sund Beeas 1971),

Cutaneous effects have bdeen elicited in male rhesus monksys fed a diet
containing 300 ppm Aroclor 1248. Within one mooth the animals lost counsider~
sble hair from the head, neck, sod back (Allen et al, 1973, 1975). Similer
affects have been observed in femsle rhesus monkeys fed a diet containing 25
ppa Aroclor 1248 for two menths (Allen et sl. 1974). Wichin eix weeks the
anizals began to lose hair and developed obvious signs of edems of the lips
ond eyelids. $mall pustules favolving hair follicles appesred about the
wouth, ¢heeks, and neck, Abrshamson snd Allsn (1973) showed that the infant
ronkey vas able to tolerate doses of PCBs that produce extreme morbidity in
sdult monkeys. They suggested that there msy be variations in absorption,
distribution, metadbolism, storage, and excretion in adule and imfant oonkeys
that may account for these differences.

Effects on Liver

Liver Weight

The administration of PCBe may induce sn incresse in liver weight. The
effect is more prominent at tha higher dose levels; the lover doses of PCBs do
not increase liver veight., The detailed data of Kisbrough et al. (1972)
include findings thet Aroclor 1260, sdwinistered vith the diet in doses of 500
and 1000 ppa for eight months, signuificantly incressed liver veight in male
snd female vats; doses of 20 and 100 ppm vere sffective ouly in male rats,
Aroclor 1254 fncreases liver weight 1a both male and female rats at doses of
20, 100, snod 300 ppm.

The incresse {n liver veight {s correlsted vith hepatic cell hypertrophy
snd so incresse in smooth endoplasmic reticulum in the rat, rabbit, and monkey
(Vos ot al, 1972, Allen and Abrabsmson 1973, Bruckner et sl. 1974, Allen,
Norbark and Hsu 1975, Allen, Carstsus, and Barsotti 1974),
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General Histology

The administration of PCBe to experimental snimals will produce histo-
pathological changes in the liver, The mein effects obtained ars the produc-
tion of snlerged hepatocytes, fez droplets, snd slight degree of necrosis; the
occurrence of these changes depends perticularly on the dess of the PCB snd to
scme extent on the perticular Aroclor. HNecrosis ssems to bs more severs in
ths rabbit then in the ret. In general, the worphological changes observed in
the liver of PCB-trested animals sre similar to thosa found after trestment
vith other chlorinated hydrocarbons,

_In & detailed study, Kimbrough et sl., (1972) found thet Aroclor 1260 (20,
100, 500, end 1000 ppw) and Aroclor 1254 (20, 100, and SO0 ppm), given in tha
diet of rats for eight months, produced enlarged liver cells and cytoplssmic
inclusions. At the higher doses, there vas svidence of lipid sccumulation,
vhich vas asssocisted vith s foamy cytoplasm, sud pigment accumulation {n the
Kupffar cells.

Adenofidrosis

Adenofibrosis (synonyme: bile duct proliferation, bile duct adenomatosis,
cholangiofibrosie, fibroadenoma) has been observed in soms rats receiving
PCBs. Adenofibrosis is generally regarded as s benign lesion. Kimbrough et
al. (1972) observed sdanofibrosis in tats treeted with Aroclor 1260 and 1254;
the effect vas observed at the higher dose levels and particularly in enimale
receiving Aroclor 1254. Wheo the feeding of 500 ppm of Aroclor 1254 wvas
discontinued and the enimsle studied up to 10 addicionsl monthe, ths fat and
1ivar content of PC3 remsined high end tha sdenofibrosis parsisted (Kimbrough
st sl, 1973). In s later paper {nvolving treatment with Arcclor 1260 sc 100
ppa for 21 months, wention is only made that s fev rats shoved aress of
sdenofibroess, indicating s lov degras of raspcuse, but dets sre not tsbulatec
(Ximbrough st sl. 1975). 1In further etudise by tha same group sdenofibrosis
was not observed in vats fed Aroclor 1016 or 1242 (100 ppa) for up to 10
months (Burse st sl, 1974).

The study of the National Cencer Instictute (1978) did not reveal asdenofi-
brosis in rets receiving Aroclor 1254 at doses of 25, 50, end 100 ppm for
104-1035 veeks.

Hyperplastic Foct sad Nodular Byperplasie

Byperplascic focl or hyperplastic sress represent minimal changes {n
liver hepatocytes. -Such foci or srses of hyperplastic changes are uncommon in
untrested young tsts, but incresss vith sge. The hyperplastic areas or foci
say cosxist with nodular hyperplasis snd/or hepatocellulsr carcinoma. The
significance of hyperplastic foci 1s that they masy be part of & spectrus
capabls of progressing to s nodule (Squire sud Taviee 1979),

Keplinger et sl. (1971) did not observe hepstic lesions in rate receiving
different Aroclors for 18 monthe; hovever, reeveluation of the slides
tad{ceted s siguificant iuncresass of nodular hyperplasia in ths treated snimels
(see National Cancer Institute 1978).
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Ito et al. (1974) obsarved noduler hyparplasis {n rets receiving 100,
$00, or 1000 ppu of KRanechlor S00; a lesser effect vas observed vith Kanechlor
400 end thare vas no significant effect of KRanechlor 300.

Kinbrough et al. (1973) reported s significant {ocreass {n the incidance
of hyperplascic foci or arsas and neoplascic nodules {n femsle rats giveu 100
ppm of Aroclor 1260, mixed vith the diet for 21 months, In coantrast, {n
another study, the dietery administretion of 100 ppm of Aroclor 1242, 1254,
snd 1260 for 24 months tncreesed the {mcidence of nodulsr hyperplesia; o
lesser effect ves obteined with 10 ppms, and | ppm did not produce a poeitive
rasponse (Cslendrs 1976, Levioskss 1981). All three Aroclors produced en
{ocresased number of hepstonss st the high dose. Thers vas no evidence of
metestasis or {nvasiveness, and the lesions vere regazded by tha psthologists
se-benign tunors.

Castric Lesions

The orel edministration of PCBs to nonhuman primates hee besan shown by
Allen and covorkers to induce hypertrophy snd hyperplasis of the gastric
pucose. Mucosel cyets mey be prseent vithin ths epitheliua of the stomach,
but in the wucosal lining snd the subaucoss, there may be edema of the sud-~
sucoss of the stomach. In eddicion, thers is frequeatly {avasion of the
underlying sucosa by isolated glendular alemsnts of the mucossl epithelium,
Cenersl effects of this nature have besn produced in the monkey by:

1. A single orel dose of 1.5 g or 3 g of Aroclor 1248 (Allen, Morback,
end Heu 1974).

2, Aroclor 1248, 300 ppm and Aroclor 5460 (s polychlorinated
triphenyl), 5000 ppm in the diet for 90 deys (Allen, Abrahsmson, snd
Norbaek 1973, Allen and Norbeck 1973).

3. Aroclor 1248, 25 ppm in the diet for 2 months (Allen, Carstens, and
Barsotti 1974).

4. Aroclor 1248, 100 ppm fu the diet for 2-) months (Allen 1975).

5. Aroclor 1248, 2.5 ppm end 5.0 ppam {n the diet for up to one ysar
(Barsotzi and Allen 1975). (Csstzic changes vere not listed for
these doses in Allen'e reviev.)

6. The byperplastic gastritis may persist for over one year folloving
discontinuance of PCB exposure (Allen 19785).

A nixture of lov chlorinsted biphenyls (Clophen A-30) wes not obearved to
produce gastric lesione in the monkay (letropoulos st al. 1977).

HBypertrophy end hyperplasia of the .actrii sucoes have not been teported
in the rodent (Allem and Abrahamson 1973), rabbit (Ves 1972), or in other
..apecies (Vou ang Koarman 1979). .
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Enzvee Induction

Various studies have reported on the effact of short terw exposure of
tats to mixtures of chiorinated bipheayls. One such study by Zcobichon at al.
(1974) used the Aroclors {dentified as Aroclor 1016, 1221, 1242, snd 12354, end
snother study by e French lavestigator, Nerbonne (1980), uead a French prepara-
tion known es Phenoclor DPF6., In both studies the sssple ascterisl consisted of
congeners of the chlorineted biphenyls. These studies shoved cthet when rats
vers adainistered 10 ppa of the PCBs {n their dist for only one day, the
livers from tha snimals shoved induction of P-430, eniline hydroxylase, snd
aminopyrine~-i-demathylsse. The induction of thess enzymes ves maximum ia
ebout five days. If the recs vers given 10 ppm of the PC3s in the diec for
sight consecutivae days, {nduction occurred {n threa to five days sund to s
lessar sxtent over the remaining efght-day faterval. In the Ecobichon study,
intraperitonesl (njection of the Aroclors in doses of 50 mg/kg was made for
three consecutive days. Animals vers secrificed 96 hours later. Mixed
functi{on oxidstive enzymes vers found to be induced in the Liver., Tha grestest
induction vas seen vith the more bighly chlorinected Aroclors. The sazyme
{nduction eceurred repidly en axposure to the Aroclors, and perticularly to
those Aroclors that are sore highly chlorinsted. The PCBs used in thess
studies vere cosmercisl grade.

Aroclore 1242 and 1234 ere potent {nducers of hepstic microsomal ensyumes.
A single {otraperitonesl injection of 100 wg/kg of Arcclor 1242 to rats
incressed livar veight, total uicrosomal gctivity, as measured by hydroxyle-
tion of scetenilide and N-demethyletion of aminopyrsne, sud hepatic cytochrome
P-450 (Bruckner et al. 1973).

Ismunosuppression

Tnvironmental chemical effects on immunocowpetsnce have been extensively
revieved by Faith, Luster gad Vos (1980)., A number of studies cited by them
found PCBs to be {mmunosuppressive in verious species (from ducklings aud
chicke to mice snd monkeys), 1o some cases st dose levels that produce little
effect other chen hepacocyte hyperzrophy. Ouly one study (Street snd Sharma
1979), which tnvolved feeding lov levels (0.18 co 6.3 wg/kg/day) of Aroclor
1254 to rebbits, shoved no siguificant effect on humoral or cell medisted
rasponse. Our reviev of the Screet and Sharus report indicated that chere vas
s dose-relsted trend towsrd fmmuuosuppression in thair snimsls and et the
bigher doses (2.1 and 6.5 ug/kg/day) for four to sight vesks the snimals
shovad significant increase in liver veight. The Faith, Luster, and Yos
reviev lists saversl genersl factors (aucritious] status, hormonsl lavels, and
emounts of immunoregulatory proteins such as slphs-fetoprotein) that influence
{smune function. Therefore those etudiss in which tzmune function ves studied
folloving exposurs to levels of the PC3s that resulted in overt texicity are
sesningless from en imwunotoxicologic viswvpoint. Iu contrast, imausosuppres-
sion at dossge levels that do not produce genaral toxicity would bs significant.

Porphyris

The sdaicistration of PCs to rats will produce & delayed type of
porphyria, {.s., deposition of porphyrins sand their degradstion produccs in
tissues and excreta. Although the sechanism of sction of the PCBe is unknown,
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1t apparently differs from that of other porphyrogenic compounds such as
haxachlorobenzens or fsopropylacetamide. It has besn thought that ths affaect
of PCBa 1n animals may indicats that these compounds can induca conditions
such es porphyris cutanes terds in man, but clinical dats havs mot shown this
to occur {n PCB-exposed vorkers.

The fecal contant of coproporphyrin and protoporphyrin of redbits vas
incressed by Aroclor 1260 and by hexachlorobiphanyl, but the differencs vas
statistically siguificant only for coproporplytin (Vos et al. 1972}, Bruckner
ec al. (1974) observed sn incressed axcration of urinsrcy copropotphyria {n
rats given Aroclor 1242, 5 or 25 ppm for two, four, end six months.

Coldstein st al, (1974) emphesized tha deleyed onset of the PCB-{nduced
porphyris; racs fad 100 ppm of Aroclor 1254 became porphyric after two or
seven months of trestaent. Alcthough the excracion of coproporphyrin and other
porphyrins was incrassad, the lsrgest elevation was in tha uroporphyrin
fracticn. Thers vas also 8 marked sccunulation of ureporphyrin {n the liver.
The studies of Coldstein et al. (1974) suggest that PCBs may effect uroporphyrin
formation or utilization. The induction of delts-aminolevulimic syuthetase
(ALA synthetase, & rate-limiting enzyme in heme syuthesis) does not appear tu.
be tha mechanism by wvhich porphyris 4s induced by PCB, as it {s for msay
porphyrogenic cheaicals. 1Ia their studies the increase in ALA synthetase
activity vas probably secondary to the porphyria. Also, Aroclor scts to
{ncrease liver cytochrome P-4350 rather than to decresse it.

Bexachlorobenzene {s kmown to induce s delayed type of hepatic porphyria
similar to thet praduced by Aroclor 1254, However, the tvo responses
spparently differ significantly as Goldstein at sl. (1974) reported that the
rats fed PCBe did not exhibit the nervous or cutsneous sigus associated vith
hexschlorobenzene poisouning.

CENERAL COMMENT, SUMMARY AND OPINIONS
Body Burdens, Metabolism, and Kinetice

Scae genarel observations derive from coansidersation of the dats on the
storsge, distridution, metabolism and excretion of commercisl PC3 aixtures
(with essociated impurities such as the PCDFs) in sammalisn systems. The
dynamics of ths pathways by which these processes occur in test animal models
hava been explored intensively and have been fairly vell vorked out. The
varisbility of PCB affects vith species of tesc snimsl modele has been inves-
tigated for s number of importent effects, and some genersl structure versus
sctivity rules have emsrged from these studies. Thers thus exists a conceptual
framevork, but not experimentsl data, for describing such phenomena in humans.
Yurther, importent dats on the biochemical intersctions of PCBs, PCD¥s end
metabolites vith tissues have been obtained that besr directly on interpreta-
tion of toxic effects in these tissues.

General Toxicity

From scute, suocnronic end chronic studies of PCB effecte in test animal
models, s general summary of heslth effects encountered fncludes: (a) o low
ocrdar of acuta toxicity; (b) skin lesions; (c) effects on liver tissue that
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sre generally raversible st lover doses but thet trend toverd irreversibilicy
vith incressed dosing; (d) effects on the gastric mucosa; (e) effects on tha
menstrual cycle end on reproduction; (f) porphyrie: (g) sffects oo tha kidney;
and siscellsnsous chenges including hematologic sltarstious, thymic strophy
and lywphetic chengss.

There {s a considerable renge of species suscepeibility to biological
activity of the PCBe, with one reprasentative comparison of order of decress-
ing ectivity being mink, monkey, rat. It {s concluded thst thare {s no basis
for determining vhich species moet eccurstely servaes s a model for prediction
of genaral subchronic/chronic toxicity in man; rather, the judgment of the
sost suitable surrogate for man amuet be mada {ndependently for sach major
health affect.

Skin sad Other Cutaneous Tissues

Coemercisl PCBe are capable of producing skin lesions in the monkey model
end {u axposed bumsne. Chronic sdmimietration of PCBs to the monkey produces
chloracns. Ia humans occupationelly axposed to PCBa ekin disorders including
chloracns have occesfonslly been observed. These skin disorders have baen
shovn to bs reversible {n some of the snimal sad human studies.

Liver Rffects

PCD mixtures are capable of genarating important affects ou liver tissue
1o animal models. These effects include: (a) incresse {n liver weights; (b)
bistopsthologic changes in liver {ncluding enlarged hepatocytes, deposition of
fat droplets in tissue, and tissue necrosis and cell death; (c) enlargement
of the liverj (d) the occurrence of adenofibrosis, & benign lesion; and (e) s
{ncrease in proliferative lesions of the liver, including incresses in hyper-
plastic foci and nodular hyperplasis. These incresses in proliferative
lesione appear to increase in severity with increasing degree of chlorination
of the PCB aixture, as seen {un the grester potency of Aroclor 1260 over
Aroclor 1254. Ths effects on livar tissues sre generslly reversible at lovar
doses but trend towsrd irreversibility with increased dosing.

Gastric Lesions

When tested in moukeys snd rodents, PCBs show spacies specificity with
Tespect to & toxic effect om the gastric epithelium, or stomach lining. In
the monkey, with Aroclor 1242, there is & mucous conversion of the gastric
espithelium that can best be described as a dysplastic groweh pattern. This
grovth pattern does got comstitute a neoplastic transformation. Ia rodsuts,
PCBe do not svoke this sffect on the gsstric mucoss.

Carcinogenssie

A sizeable volume of snimal experimental work has been directed tovard
chronic studies in seversl speciess the mouse, ths ret and the dog. There sre
some aress of interpretstion that sre still under debate by the investigators
‘concerned, but in the opinion of the Category I team the folloving represents
conclusions that can be drave from presently aveilable deta: (a) the evidence
on carcinogenicity is negative for gastrointestinal carcinoms and bladder
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carcinoma in rets and hapatocellulsr carcinoms {an the dog; (b) some studies
have reportad sn {ncresase {n hapatocsllular carcinons {n aice and rats exposed
to commercial PCBs chronically, vhersas other studies have afforded negstive
rasults.

Reproductive Effects

Experimental vork vith commercial PCB mixtures and animal modele has been
directed to the veproductiva process Ltself, to teretogenesis in the
offspring, and to possible fetotoxicity. In moat test species PC3s produce
deletarious effecte on reproduction at high dosages. In the female wonkey st
relatively high dosages, diff{culties sre encountered in conception, in
implantation of the fercilized ovum, and in carrying the fatus to term.
Similarly dosed, the male monkey does not traunsmit these difficulties to tha
reproductive process.

The potentisl for PCB-induced tarstogenesis, or production of defects in
the embryo or fetus, has been investigected in several species of test animals.
Most animal teets have yielded negetive results vhen PCBs vers sdministered to
pregnant females during the critical periods for organogenesis. Several
possible exceptions to this statement might be noted. In mice, s single
congener, 3,4,3',4'~tetrachlorobiphenyl, induced s behaviorsl defect ("waltsing
syudrome”) that may bde relaced to sn anatomical defect in the fnner ear. PCls
in sice may produce some delsy {n implantation. Ia rats, no gross terato-
logical changes were observed, but some aslterations {n thyroid structure or
function produced by PCB administrecion might fall under the definition of
terata. In dogs and in swine, no teratological effects vare noted at lover
PCB doses; hovever at the highest doses of PCB in the feed, at vhich the dae
suffers marked reduction {n food consumption and {s therefore nutritionally
deficient, there sre dose-related teratological effects {n the offspring. In
wonkeys dosed with PCBs, there are no dose-related adbnormslities in the
offspring, but they are smaller {n size.

In test snimals, i.e. rats, dogs and rabbits, PCBs are fetotox{c vhen
sdministered at relatively high dowes to tho pregnent female.

Iamunocompetaence

With respect to potencial PCB effects on {mmunocompetence in test snimal
systens, some observations sre pertiment to the assessment of probable hazard
io the human. It has besn observed in chicks that 1f the PCB dosages are high
enough, stzophy of the splenic pulp end necrosis of ths lymphoid systea can be
deaonstrsted. Similer indicstors of change in immunocompetencs can also be
produced in ducklings, mice, and monkeys as# s cousequence of severe change in
autritional status. WNigh doses of PCBs leading to marked reduction of food
intaks snd utilization can lesd to such changes {n nutritional status, These
considerations lead to two general conclusions relative to the PCB-exposed
humsas: (a) as projected from animal sctudies, 1f the PCB dosage is high enough
to lead to general toxicity in the human (e.3., decreased food incake, fall fn
body veight, fall in veight gain), {smunosuppression may be desonstrable
secondary to melnutrition; and (b)-.st lower dose levels, thers ia no likelihood
of sigiificant immunosuppression.
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Porphyria

Porphyria, or deposition of porphyrin-derived pigments {a liver end
urine, hes been obsarved {n experimentsl snimels such es the rat sod rabdbic
dosed vwith PCBe. The seffect Liee s deleyad onset, and aspecielly io the rat,
seens to take plece by mechanisms diffarsat from those employad by known
chenical porphyrie-producers f{n the human.
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INTRODUCTION

Polychlotineted biphenyls (PCBs) sra resdily synthesized by the direct
chlerination of biphenyl using {ron selts and/or {odine as the catalyst. The
degree of chlorination of the resulting amixture is controlled by the relative
smount of chlorise used i{n the resction and mosc commercisl products are greded
and sold by thefr veight per cenc chlorine concent (Hutzinger st al. 1974),
PCBe have been widely used fa tndustry as hest transfer fluids, hydreulie
fluide, solvent excenders, flams retardants, orgsnic diluents and dielsctric
fluids. The unusual industrial versatility of PCBs 1is directly relsted to
their physical properties vhich fnclude: a) resistancs to acide and bases,

b) computibilicy vith organic macterials, ¢) resistancs to oxtdation and
teduction, d) excellent electrical insulacing properties, o) thermal stadilicy
and £) non-flammebility. Unfortunately, these physicsl properties couplad
vith their videspread use, relatively lov scute toxicity snd improper dispossl
has resulted in the contamination by PCBs of every component of the globsl
ecosystem (Hutsinger et al. (974, Landrigan 1980, Jensen and Sundstrom 1976,
Vsssarmann at al. 1979, Fujivara 1973)., Moreover, the lipophilic nature and
parststence of PCBs aleo countributes to their high biosccumulation potential
aund their biowaguification in higher trophic levels of the food chain (Safe
1980). PCBs residuess aras routinely detected in fish, wildlife snd humas adipose
tissue, blood and dreast atlk,

COMMON ANALYTICAL AND TOXICOLOGICAL PROBLEMS

tvm—

The enslysis of PCR residues in snvironmantsl samples present numsrous
problems vhich include the following:

1. ICH formulations snd euviroumental {solates ere highly complex
mixtures of isomers and congeners snd

1. the composition of PCEs obtained from diverse euvirormental matvices
ate highly variable due to the different rates of biodegradation,
vaporisstion, photodegradation and chemical degradation of the {ndivid~
ual PCB isomers and congeners (Safe 1980, Ballschmiter et sl. 1978,
Harvey snd Steinhaver 1974). o

There ere 209 possible PCD isomers and congeners snd most of the
commsrcial mixtyres and euvironmental samples exhidit & multitude of peaks snd
this is particularly evideat {n the cepillary gas chromatogram of the
commercisl PCB, Aroclov 1260, It has baen common practice to quantitate
environmental PCBa by comparing their packed columm gas chromatograms vith the
patterns exhibited by knowvo amounts of individusl commercial PCBs or sixtures
of these formulations (Ssvyer 1978, Albro et sl. 1981). This method relties on
pattern matching using specific pesks for quantitacion. It is clear that if
the gas chrouatograms of the environmental PCB residues cannot be "mstched”
vith su appropriste cocktail containing kunown smounts of the commercisl
formulations then quentitation {s not possibls. Cosparsble snalytical
prodlems have been encountered in the snalysis of other complex halogenatsd
sromatic pollutants, and polyouclesr aromatic hydrocarbona (NRCC 1981). These
prbblems experidticed in PCB an¥lysis by gas chromatography (GC) can be
resolved gn the folloving vay:
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1) The sasples aust bde snelyzed by high resolution capillary gas
chromatography to snsura the maximum separation of the {somers and
congeners,

2) all 209 PCP tsomers and congsners muet ba evailable as snalytical
standards for the identificetion snd quantitation of the {ndividual
cospouents in the anslyce.

In collaboration vith Dr, M. Mullin end sevarsl coworkars, conaideradle
progrsse has been made ou the synthesis end cheracterization of sll 209 PCBs
(Table 1) and this has rssulted in the positive identification of the tudividual
PCB componants prssent in commercial amixtures sud {n environmental samples.
Based on the numbering scheme proposed by Bellischmittar and Zall (1980),

Figure 1 {lluscracss che identification of the individual PCBe in Aroclor 1260
using the synthetic PCB standerds (Mullin et sl. 1981),

Most reviews discuesing the biologic snd toxic effecta of commercisl PCBe
note that the relstive potencies of these formulations depends on their degres
of chlorinstion end elso on the speciss being used in the study (Ecobichon end
Comeau 1974, Kimbrough 1974). The results clearly suggest that since the
toxicities of the mixtures are vetrisble, then the sctivities of the individual
coaponents of these mixtures may slso de different. Resesrch on the comparetive
biologic and toxic effects of PCs has clesrly illustreted the marked differ-
ences in the compsrative toxicities of PC3 congeners ss noted below.

1) 2,3',4,4",5-Pentachlorobiphenyl {s highly embryotoxic to chickens
vheress 2,2',5,5'-tetrs gnd 2,2',4,4',5,5"-hexachlorobiphenyl are
relatively non-toxic (Ax snd Bangen 1975).

2)  3,3',4,4'-Tatrachlorobiphenyl 1is highly toxic to Rhesus mscequas
v&cr‘u: the 2,2',5,5'~1isomer elicits no clinical effects (McNulty et
a1, 1980). ’

3)  The toxic lesions csused by 3,3',4,4',5,5'=-hexachlorobiphenyl in
male aice vare much more savars than those obcervad after
sdmingscration of the 2,2',4,4',6,6'~, 2,2',4,4',5,5'~ ond
2,2',3,3',6,6'=-hexachlorobiphenyls (Bioccs et al, 1981).

4) A comparison of the toxicity of 2,3,3',4,4"wpenta~ and 2,3',4,4'-
tetrechlorobiphenyl shoved the former cougener to be highly sctive
sud the latter compound to be fnactive (Yamamoto et al. 1Q76).

$) Chronic sdministration of 2,2',3,3',4,4'~ sund 2,2',3,4,4',5'-
hexachlorobiphenyl caused an sccumulaticn of liver porphyrine
vhersss aduinistration of the 2,2',4,4',5,5'~hoxechlorobiphanyl had
0o effsct ou bepstic porphyrin levels (Stonard and Grieg 1976).

8)  3,3'.6,4°,5- luﬁ 2,3 ,4,4",5-pantachlorobiphenyl and 2,3,3',4,4',5~-
hexachlorobiphenyl cause thymic stropby in rats vhereas the

2,2',3,3',4,4",5= and 2,2',3,4,4',3,5 ~heptachlorobiphenyls vere not
toxic (Yoshihara st al, 1979).
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Table 1., Progress in the Synthesis of PCB Iscaers and Congsners

Cl Groups 1 2 3 4 b (] 7 8 9 10 Totsl

No. of Isomers 3 12 2 42 A6 42 24 12 3 1 209

No. Syotheeiszed ’
“or Available 3 9 18 40 42 40 26 12 3 1 192
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It {s evident that subtle changes in the structure of PCBs can result {n
marked differences in toxicities, Thus, an assessment of the potential long
term effects of PCBs on biologicel systems will depand on the concentretion of
the individusl toxic cougeners which are present and vhich persisc in the
suimal spacies. This necassitatas not only s high resolution quantitacive and
qualitscive suslysis of PC3 residues, but prior knovledge concerning the poten~
tisl or actual toxicities of the individual PCBs.

PCBs AS_INDOCERS OF HEPATIC MICROSOMAL DRUG-METABOLIZING ENZYMES

One of the most characteristic bdiologic effects of the commerciel PCBs {s
thei{r {nduction of numerous hepetic microsomal drug-metabolizing enzymes in
rodencs and parcicularly the cytochrome P-450-dependent monooxygenasas
(Ecobichon and Comesu 1974, Alvares and Keppas 1977a,b, Alvares et al, 1973,
Ryan st al. 1979), Administration of these mixtures results in {ncresses in
microsomal sniline hydroxylese, benzo(a)pyrene hydroxylase, biphenyl hydroxylasss,
halobiphenyl hydroxylases as vell as numerous N- snd O-dealkylases. The potent
induction of these cytochrome P-450 dependent monooxygensses by Aroclor 1254
has resulted {n the videspread use of PCB-induced aicrosomes as the source of
metabolic activetion for chemicals in the Ames test for their bactarial suts-~
geundcity (Hollstein et al, 1979).

Inducers of micrososal aomooxygenasas ars classically subdivided into two
sain catagorias (Conney 1967, Lu et al. 1976, Sladek and Msnnering 1976). Oune
class {s typified by phenodarbitone (PB) and the ocher by 3-methylcholanthrene
(MC). PB-type inducers enhance sicrosomsl N-demethylase (2-3-fold), NADPH
cytochrome P-450 reductsse (2-3-fold) biphenyl-d-hydroxylesa (2-é-fold) eund
aldrin epoxidase (3-S-fold) vharass MC-type fuducers enhance sicrosomal
beazo(a)pyrene bydroxylase (8-12-fold), 4-chlorobiphenyl hydroxylase (8-10-fold),
ethoxyrssorufin O-deethylsse (up to 30-fold) sud biphenyl 2-hydroxylass (8-12-
fold). The preferential induction of specific monooxygensses by MC- and PB-type
{oducers coupled vith the different electrophoretic and spectrsl properties of
their induced microsomal entyme preparstions clearly differentiates betveen
the tvo classes of {nducers. Tha enzyme induction properties of Aroclor 1254
end other commercial PCBs do not resemble that of either PB or MC but ers
similar to the pattern produced sfter co-sdministretioun of PB + MC (Alvares
end Kappas 1977a,b, Alveres st sl. 1973). More recent studiss have showvu that
Aroclor 1234 {nduces cytochromes P-450b and P-430c wvhich are also the major
isozyues induced dy PB sad MC respectively (Ryen et gl. 1979). The mixed-type
fnduction activity of Aroclor 1254 vas presumed to be due to tha individual
P8~ and MC-type inducsrs present in this mixture.

PCBy AS MICROSOMAL MONOOXYGENASE ENZYME INDUCERS: >§!7!CTS OF STRUCTURE ON
W

23-Type Inducers

Initial studies suggested that PCBs which are PB-type inducers wmust
contain at least tvo pars snd tvo grtho substituants] any further subst{tution
changes only the quantitative neture of the induction ectivity (Polend end
Clover 1977, Goldstein at ai. 1977). There is enple evidence for these
correletion and some of the most active PB-type inducers are 2,2',4,4'-tetra-,
2,2',4,4',5,5'hexa~ gnd 2,2',3,3',4,4'-hexachlorobiphenyl. Howvever it has
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subsequently been shown thet PCB congeners which contsin one or no para
substituents, are sleo PB-type {nducars (Psrkinson et al. 1980b). Some of
these compounds include 2,2',3,3',.5,5'-hexschiorodbiphenyl, 3,3'-dichloro-
biphenyl, 2,3,3',5,5',6-hexachlorobiphenyl and 2,3,3',4',5,6-hexachloro~
biphenyl. The requirement for at lesst tvo otrtho chlero eubstitusnts conflicts
with the veportsd sctivity of 4,4'-dichlorobiphenyl and 2,3',4,4'-catrachloro~
bipheayl es PB-type f{nducers (Yamamoto et sl. 1976, Parkinson at al. 1980b).
Table 2 {1lustretes the structurelly diverse group of PCBs which are clavsified
as PB-typa {uducers end it 1s evident thet there are no spperent structure~
sctivity tules for PCBs which enhencs this pettern of enzyme sctivity.

MC-Type lnducers

Ia 1977, tvo groups (Polend end Glover 1977, Goldstein et el. 1977)
published papers outlining structure-sctivity rules for PCBs as inducers of
cytochrome P-448 dependent wonooxygeusses (or eryl hydrocerbos hydroxylase,
AHH). Their dsts ind{ceted that PCBs vhich exhibit this cype of faduction
sctivity must be substituted in both pare positions and et lisst one mets
position on both phenyl riags and not contsin sny orthochloro subetitueste.
Ths three compounds defined by thess rulas, nsmely 5.5 ,4,4"~zutza~,
3,3',6,4' ,5-pente-~ end 3,3',4,4',5,5 -hexschlorobiphenyl sre all potent AHH
inducers end ere epproximste isostersomers of 7,3,7,8~tetracblorodibenzo-
p-dioxin (TCDD), the most toxic halogenated sromatic chemical end most potent
Taducer of wicrosomal ABM (Poland et el. 1979).

It vas spperent thet the proposed structure-activity rules did not
explein the mixed-typs induction activity of the commercial aixtures since the
three AHH inducers ars only trece components of the sctive commercisl PCDs
(Jensen and Sundstrom 1974, Ballschmiter end Zell 1980, Poland et sl. 1979).
Por this resson, the effects of structure ou the activity of PCBs as ARH {nducers
vers resvalusted using s seriss of highly purified synthetic PCB congeners
(Parkinson et el. 1980b, Parkinson snd Safe 1981, Parkineon et sl. 1980s,c,
Parkinson et el. 1981e,bd, Savyer sud Ssfe 1982),

Requirements for Pers Substituente

The requirements for pera subetituents were tested ueing & series of PC3
congeners with one, two sad gero pars substituents snd in sll cases PCBs vhich
vers ABH inducers sll conteined tvo pers-chloro groups. (Figure 2).

Requirements for Mats Substituents

The requirements for meta subetituente wers evsluated by testing ell the
possible mete-subetituted ¥Chs derived from 4,4'-dichlorobiphenyl, a PC3 vhich
contains the vequired two pars~chloro groups. Pigure 2 denotes the fivs possible
compounds {n this esries sud only the 3,3',4,4'<tetre~, 3,4,4',5~tatre, 3,3',4,4',5-
pente- and 3,3',4,4',5,3'-hexechlorobiphenyls ware ARH {nducers. Thus one nev
PCB congener, namely 3,4,4',5-tetrechlorobiphenyl s edded to the originel
148c of three ANE inducers and it fs spparent thet two msts substituants sre
tequired for PCBe vhich fnduce AHN, hovaver they can be positiosed on both or
the ssme pheuyl ting.
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Tabloil. PCBs as PB-Typa Inducers

Congener Number of Chloro Substituent Referance

Ortho Meta Pars
4,4'=dichlorobiphenyl 0 0 0 Goldatein et al, 1977
2,3,3',4,4-pentachlorodiphenyl 1 1 2 Parkinson et al. 1980
2,2',4,4"-tetrachlorobiphenyl 2 0 2 Goldstain et el. 1977
3,3 ' =dichlorobiphenyl 0 1 0 Goldstein et al. 1977
2.3.3'.t.S.S'-kcxaehlorobiphonyl 1 4 1 Parkioson et el. 198la
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Figure 2. Effects of para and aeta substituents on the activity
of PCBs as AHH inducers; accive (+), tnactive (~).

rx

MONS 026278




Requirements for Ortho Substituents

A logical spproach for evelusting the effscts of ortho-chloro sudsti-
tueats on the activity of PCBDs ss AHH foducers 1s ¢o synthesize and test all
-the possible mono- and di-ortho-substituted anslogs of the four MC-type
faducers. A suamary of these compounds {s given {n F{gure 3. All the
sono-ortho substituted enalogs vere mixed-type inducers in the immature mals
Wister rat and wers inducers of AHH {n rvat hepsatoma H-4-[I-E cells {n cultura.
Moreovar msny of thess compounds, including 2,3,3',4,4'-penta-, 2,3',4,4",5«
panta-, 2,3,3',4,4',S-hexa~ and 2,3,3',4,4',5,5 -heptachlorobiphenyl have been
identified as components of the commercial PCBs (Jensen and Sundstroa 1974,
Ballschmiter and Zell 1980, Poland et al. 1979).

The affects of two ortho chloro substituents might be expected to have a
motre prounounced effect on the population of the coplanar conformers and,
hence, ou their sctivity as MC-type inducers. Previous reports in tha
literature suggested thet PCBs substituted in at least one mats end para
pos{tion oun each phanyl ring end at two ortho positions ware strictly PB-typa
inducare as evidenced by the sctivity of the 2,2',3,3',4,4'- and 2,2',4,4',5,8'-
haxachlotobiphenyl {somers (Poland and Glover 1977, Goldscein et al. 1977).
Contredictory reports heve suggested thaet thess {somers also possass MNC-type
ectivity (Stonard end Grisg 1976, Alvares 1977), A subsequent reinvestigation
of the sctivity of 2,2',4,4',5,5 =hexachlorobiphenyl as & nicrosomal enzyse
inducer has showvn that the MC-type sctivity of & 99% pure cowmercisl sample
(prepered by the Ullmann coupling method) was due to gontamination with the
highly active 2,3,7,3-tetrachlorodibsnzofuren (TCDP) (Goldstein at el. 1978).

In ettempt to rasolve conflicting reports {n the l{tersture, the effects
of 2,2',3,3 ,4,4"'<hexe~-, 2,2',4,4',5,5'-hexa~ aud 2,2',3',4,4',5-hexachlioro-
biphenyl on the hepstic microsomsl drug-setabolizing enzymes vere evaluatad in
the immature male ret (Perkinsom et el. 1980c). By cosparison vith the
effects of the classicel suzywe fnducaers, PB eund MG, 2,2',4,4',5,5'~hexa~
chlorobiphenyl was clessified as & pure PB-type inducer. In contrest,
2,2',3,3',4,64" -hexachlorobiphenyl, irrespective of its syathetic route,
exhibited PB-type and wesk MC-type characteristics; ths wost prominent feature
of the latter being a 7-fold i{ncreese in é-chlorobiphenyl hydroxylase
sctiviey, 2,2',3',4,4',5-Bexachlorobiphenyl also vesembled s mixed (PB +
MC)-cype inducer slthough {ts MC-type cheracteristics wvere more pronounced
than those of 2,2',3,3',4,4'-hexachlorobiphenyl. Since these three .
heaxachlorobiphenyls are di-ortho sudbsticuted derivetives of the pure MC-type
inducer, 3,3',4,4'-tetrachlorobiphenyl, it ia clear that the presence of two
ortho chlorines doas ot necessarily sbolish MC-type character. A deteiled
study of all the di-ortho substituted analogs of the four AHH inducars
{ndicated that, {n sddictfon to the tvo PCD fscmers noted sbove, 2,3,4,4',5,6-
hexe-, 2,3,3',4,4",6<hexa- aund 2,2',3,3',4,4',5-heptachlorobiphenyl vers also
nixed-type inducars (Parkinson et el. 1981D).

Therefore the PCBe vhich induce MC-type sctivity must be substituted at
both para positions, at lesst tvo mats positions (but not necessarily on dif-
fezant phenyl rines) and cen also contain one grtho substituent; the addition
of a second ortno eniore substitusnt to the nucleus of e MC-type fnducer does
not necessarily eliminate the qualitstive sspects of this activity if one of
the ortho substituents Le part of a 2,3,4-trichlozophenyl substitution pattern.

238

MONS 026279



¢l - a c1 . c1

Ccl ct c1 c1
23344 : 233 44" 23344 85 2' 344" 8
23 448 23T 44" S8 23445

233 44
226455 2233 445 2233 44'858° 23146456
223348 2234458 233 4485586 22'344'S
223448 233 44'56 234486
233 44 6 2334456

Figure 3. Mono sud di-ortho substituted analogs of 3,3',6,4 -tatre=1,6,4",5-totra~,
3,3',4,4' S-penta-~ and 3,3',4,4',5,5 ~hexachlorobiphenyl.

239

MONS 026280




PCBe Which Do Not Induce Microsomel Monooxygenases

It has eleo deen shovn that several PCBe contsining one to three chlorine
atoms or biphenyls chlorineted on only one of the phenyl rings are vesk or
{nective as inducer of cytochrome P-450 dependent monooxygenasas (Poland and
Glover 1977, Goldstein st al. 1977). Thetir lack of activity nay be due to
their wore rapid rete of metabolism end clesrance. Some of the more highly
chlorinated octa-dacechlorobiphenyle ere elso insctive (Polend and Glover
1977, Goldscein et al, 1977, Parikinson and Sefs 1981). Another group of PCBe
vhich ere insctive es AHH inducers contain 3,4 or 3,4,5 eubstitution oa one
phenyl ring vith ¢ 2,4,6~ or 2,3,5-trichloro substitution pettern on the second
ring (Parkinson et el. 198la, Goldstein et sl. 1981, Perkinson 1980). These
congenere do eccusulets in the liver and contain one or two ortho-chloro groups,
hovever, for some resson they ere inactive es a microsomal uouooxygunnno {induycar
and ere relatively nontoxic. The rationele for thesa results is not spparant,

PCBs: CORRELATION BETWEEN AHMH INDUCTION, Ah RECEPTOR BINDING AND TOXICITY

Polend end covorkers have steted "The potency of helogenated aromatic
hydrocarbons to induce hepatic AHN gctivity correlatese very cloeely to their
toxie potency” (1980) end “thet the toxieity of theee chlorinsced arcmatic
hydrocarbons is madiated through tha receptor; that {s the {nitial event ja
the toxic action is tha stereo-spacific recognition and binding of them by the
cytosolic binding species” (Polend at al. 1979). The evidence for this hypoth-
esis 1is bdesed on the diologic and toxic effects of seversl congeneric poly-
chlorinated dibenzo-p-dioxins (PCDDe) end halogenstad aromatic compounds which
ate spproximate {sostereomers of 2,3,7,8-1CDD (Poland st sl. 1979). The results
vhich support the proposed correlations are noted below:

1) There 4s an excallent correlation betveen the toxic potency of PCDD
congeners, their AHH induction ectivity snd affinity for the Ah
cytosolic receptor protein. (33, for example 2,3,7,8-TCDD {s highly
toxic, 8 potent ANH {aducer end avidly binds the Ah receptor protein;
2,7,~dichlorodibenzo-p-dioxin 1s relstively montoxic, does not bind
to the receptor protein or induce microsomsl AHH),

2) 2,3,7,8-TCDD and relsted eyproximste isosterecmers era relstively
toxic to the genetically inbred CS7BL/6J "responsive wice" and
nootoxic to the nonresponsive DBA/2J mice (Polend et el. 1979,
Goldetein et al. 1981),

3) 2,3,7,8-TCDD and spproximste isostereomers induce AHH ia the respon-
eive nice hovever only 2,3,7,8~ICDD is active (st higher concentra-~
tions) io the DBA/2J mica (Polend et el. 1979, Polend and Glover
1980, Poland et al. 1976, Polend et el, 1974).

PCBe are en {desl group of halogeneted eromstic chemicals to test and
confirm the correletions proposed by Polend end covorkers. Tedle 3
1llustretes ths relative ARE inducing sctivities of 3,3',4,4'-tetrs~,

3.4,4" ,5-catra-. 3,3',4,4',5-0enca~ eud 3,3',4,4',S, S'ohcxachlorobtphcnyl end
their mono-ortho ehloro analogs. The results tllustrate thet with faw
exceptions there is sn excellent correlation between the relative potencies of
the {ndividual PCB cougeners es AEH inducers in Wistar rats sud rit hepatoms

260

MONS 026281



Table 3, PCBs - Bffects of Structure on Activity

PCY Congeners

Relative Per Cent Activity

(numbar)
AHE laduction
Receptor
Cell Cultures Rats Biading
MC-Type Inducers (3) 100-1 444 100-3%
Mixed-Type Inducers (8)  0.3-2.4x10™° . 6-1.5
PB-Type Inducers (4) inactive inactive <0
Non-Inducers (3) inactive insctive < 0.3
2,3,7,8-1C0D 400 i +oete 2,500
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H-4-11-E cells (Sawvyer and Sefe 1982) and their avidity for the Ah cytosolie
receptor (Bendiere et sl, 1982). Alchough the toxicities of thess mono-ortho
chlorineted coogsnors hee not bean syetematically studisd there ere raports {o
the litersture (Ax end Hgnsen 1975, Yamamoto st al. 1976, Yoshihera st sl.
1979) wvhich confirm the compsrecively high toxicity of the 2,3,3',4,4'-penta-,
2,3',4,4" ,S=penta~ and 2,3,3',4,4',5~hexachlorobiphenyl. Current research in
wy leborstory (Perkinson st al, No dete, Sefe st el., unpublished results)
vith geneticelly f{abred mice indicates that sdministretion of the mixsd-type
PCB tuducers to the crespousive CS7BL/6J mics tesults in ANH fnduction end
thyaic strophy vhereas thees compounds do mot induce AHH nor sre they toxic {n
the nonresponeive DBA/2J mfcs.

The resulta obtained for the PCBe¢ complement the data reported for
several PCDD congenera snd support the correlations noted by Poland and
covorkers (Poland et sl. 1979, Perkineon and Safe 1981). Moreover, it is also
spperent that PCB coangeners vhich {nduca AHH sctivity ere toxic sad the
residue lavels of these specific cougeners in fish wildlife snd exposed humans
sy be important indicetors of potential short snd long tsra toxicity.

PCBe_IN HUMANS: PRELIMINARY STUDIIS

. Pigure 3 susmarizes ell the PCBe expected to exhibit MC-type ectivity
besed on the above guidelines and s number of these isomers sand congeners have
bssn {dentifiad in commercial PCBs and {n humans (blood, sdipose tiesue and
bresst milk) (Kuwabsrs at sl. 1979, Takushijt st sl, 1978, Yskushiji st sl.
1979). As noted in Table & thers is relstively high concentration of MC-type
inducers vhich preferentially bioconcentrate in humep bresst milk, A recent
atudy {n our laboratory (Psrkinson st sl. 1980d) has shown that the dose affect-
ing helf-maximal (ED_.) 1nduet£?n of AEH gectiviey for e reconetituted breest
uilk PCB sample vas -19 ymol'kg vherass the ID,, for Kanechlor 500, s cen-
mercisl PCB wmixtura, wvss 87 pmol'kg . Thue the anroclcd biologicsl potency

of bresst milk PCBs reflects the preferentisl bioconcentration of 2,3',4,4',5-
-pents~, 2,3,3',4,4"~pents~, 2,3,3",4,4',5-hexs~- and 2,2',3' ,4,4°,5-
hexechlorobiphanyl vhich sra mixed-type tnducsrs and alfcit varfous toxic
tespouses in the ret, chicken and reeponeive CS7BL/6J mice (Ax aud Hensen

1975, Yamamoto et al. 1976, Yoshihera et sl. 1979, Perkineon et el. (1982),

Safe et ol., unpublished results.)
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Table 4. Bresst Milk snd Reconstituted Breast Milk PCBe"

PCB Concen-

PCB Concen-

tretion {(p tration inm
GC Japaness Raconstituced

Puzity DBreast Brasst Milk
PCB Structure ()  MHilk (X) Mixture (X)
2,4,4"-Trichlorobiphenyl 98.5 8.4 ¢ 2.2 9.2
2,2',5,5'-Tetrachlorobiphanyl 99.0 2.0+ 1.3 2.2
2,4,4',5-Tetrachlorobiphenyl 99.0  19.1 + 2.6 20.1
2,2',4,5,5'-Pencachlorobiphenyl 98.5 2.8+ 0.9 3.0
2,3',4,4',S-Peatachlorobiphenyl 99.0 11.8 ¢ 1.2 12.8
2,2',3,4',5,3'-Bexachlorobiphenyl 99.0 2.3+ 0.3 ncb
2,3,3',4,4"'=Pentachlorodiphenyl 99.0 3.5+0.8 3.9
2,2',4,4,5,5-Hexachlorebiphenyl 99.0 15.5 + 0.4 16.3
2,2',3.4.4",5"-Hexachlorobiphenyl 99.0 15.8 + 0.7 16.9
2.2'.3.6';5.5'.G-Ioptnchloroblphcnyl 98.$ 3.22 0.6 3.3
2,2',3,6,4',5 6-Baptachlorobiphenyl  99.0 1.6 £ 0.3 1.7
2,3,3 ,4,4' ,5-Bexachlorobiphenyl 99.0 2.1+0.7 2.3
2,2'.3.6.5'.3.S'-loycnchlorob!phonyl 90.0 5.1 +0.7 5.7
2,2',3,3',4,4" ,S-Beptachlorobiphenyl 98.5 2.3+0.3 2.3
Total 95.5 99.9

Sxuwabars et sl. 1979, Yakushiji at al. 1978, Yakushiji at el. 1979, Parkinson

9t ai. 19804.
NG = not given.
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DISCUSSION SUMMARY
Renate D, Kimbrough, M,D.

Center for Disesse Control
Center for Puvironmental Heslth
Atlants, GA 301333

Tha discussion vas sterted by Dr. Kiabrough. Sha stated thet {t would
not really ba posaibla 1in the time sllotted to comment on sll the information
presentad by Dr. Priess. Because of the Yusho cutbresk in Japan and s number
of oucbresks of chick sdame disesss in the United States vhers the types of
compounds chat Dr., Ssfs vas talking sbouc had cauved {llness in chickens bacsuse
of sccidents! contemination of food, & number of studies vare sterted with
PCBs and releted compounds more than s decade ago. It ves eoon evident that
slthough on & quantitstive basis there was a tresendous difference fa tha
toxic effects becveen PCBs, chlor{nsted dibanzodioxins, and chlorineted
dibenzofurasas, that there ves s similar response on a qualitative basie that
different snimal species gave to these compounds.

In huzans, chlorecns has been reported sfter exposurs to chlorinated
nephthalenes, chlorinated biphenyls, the chlorinsted dibensedioxine, and the
chlorinated dibenzofurans. This seme type of reaction can elso be produced {n
sninals, particularly tha subhumsn primate, but slgo on the rabbit ear and in
nude mica. Before it vas possible to detect chlorinsted dibenzodioxins chem-
ically, tha rabbit esr test vas used. Dr. Alsn Poland (University of
Wisconsin) has nov developed s call culture system vhere he cen produce o
keratizining resction in the cells. Formstion of keratin in the hatr follicle
{s the primary lesion of chloracna, vhich has nothing to do with juvenile
[ [4-1 1%

The other point thet vae made in the preceding psper ves that there have
been 8 nuaber of studies on the carcinogenic effact of PCls, Some have been
2sgative snd others have been positive. If these studies are examined nore
cicsuly, it becomes obvious vhy these discrepsncies exist. In asdequate cancer
studies, & sufficient number of snimals should be tested over their lifespan.
Dogs, for iunscaunce, live somevhers betwaen 10 gnd 14 yesrs. It s therefore
not surprising that no cancer wes found in s 2-year dog sctudy.

In their bioassay studies, the U. 8. National Cancer Institute {s now
using 50 enimals par group. Usually high dosage lsvels sre used because ths
testing system {s not very sensitive. It muet first be determined wvhether
there i3 & csrcinogenic effect bLefore extensive studies sve done with larger
ounbers of snimsle snd seybe lover dossge levels. Hovever, dossge lavels
should not be 90 high to have the animals lose so much wveight that chere s &
lot of edded toxicity. In the study by Kimbrough, st al (1975), only e
dietary level of 100 ppu (wg/kg) of Aroclor 1260 wse used. Transleted fate
intske by tha rats, this mesns that thay {n early life consumed s daily dose
of 12 ng/kg (becsuse thay est wore vhen they are young). Tha daeily dose
dropped later to $ mug/kg. Ouly fensle rsts vars used {n the study. The
resson- only females were studied was because in an esrlier study vith only s
fev rats, one bladder cancer had been noted in a female rst. No bladder
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cencer wvas found iu the second study. Hovever, 26 of the rats out of 184
dsvelopad hepetocellular carcinomas, and io addition, other pacthologicsl
changes vars noted in the livers, namaly, neoplastic nodules slso referred to
a3 nodular hyperplesia, and sress of alterstion. In the controls, ona
hepatocellular carcinoma vas found io 173 rats and thare ves little other
pathology. None of the liver tumors mectastasized,

Because of the confusion about the classificstion of rat liver tumors, as
Dr. Friess mentioned eaczlier, other pathologists wers asked to review this
study, such as Dr. Robert Squire, vho wes director of pathology for ths bio-
assay studies of the National Cancer Institute, and two other pathologists,
Dr. Strandberg snd Or. Montali (all suthors of the paper). It wvas razlized at
the cime that soms scientiscts did not consider neoplastic nodules to be
tumors. Becsuse of this, a vorkshop wes coovened to classify liver lasions
(Squire and Levitt 1975). It vas the conclusion of the workshop that
neoplastic nodules (nodular hyperplasia) were {n fact nev grovths (tumors)
rsther than something thst vas just proliferation of tissue. There {s sctill
argument about vhether neoplastic nodules will {n time develop {nto
hepatocellular carcinomss or vhether they just occur concurrently with
carcinoms.

After tlie meeting, the National Acadewy of Sciences decided to go one
step further. They convened a group of pathologists chaired by Dr, Harold
Stevart to develop & document on the histologic typing of liver tumors of the
tat (Institute of Laboratory Animal Resources, 1980).

Another study mentiouned ss being negative by Dr. Prieses was the National
Cancer Institute study conducted with the Aroclor 12354 in male and femals
rats. There vere 24 animals per group, vhich vas a somevhat smaller group
than the 200 that Dr. Kimbrough used. They gave three different dossge
levels, 25, 30, end 100 ppm Aroclor 1254 to the rats over their lifespan.

Sose rats died early but sbout 20 or 17 rats per group survived, These rats
also developed neoplastic nodules (nodular hyperplasis). At the low dose,
neoplastic nodules vere seen in S males. At the mid dose they vare present in
8, snd act the high dose thay were prasenc in 12, In the femsales at the low
dose, they wers present in §, at the mid doee in 9, and at the high dose in
17. Ouoe hapatocellulsr carcinoma vas seen st the mid dose and two st the
higher dose in mslea. In the females, no hepatocellular csrcinomss vers seen.
Comparison of this study with the study of Kimbrough at al. (1975), suggescs
that {f a larger numbder of rats had been used this study might have been
positive.

Io the KCI atudy, & number of exposed tats had adenocarcinoma of the
stomach, and this again vas not statisticslly significantly different ss was
the f{ncidence of the hepatocellulsr carcinomas. At the lov dose and the
stddle dose, NCI reported cue gastrointestinal carcinoms esch. Morgen et al.
(1901) reexamined a total of 191 stomachs of rats from this study of which 144
vecs had deen exposed to Arocler 1254, With different staining techniques,
they found six sdenocarcinomes {n exposed rats, and observed s high incidence
.9f squawous_mataplssis 1o the ep{thelium of the stomach., Squamous metaplasie
i{s associated with the occurrence of edenocircinoma in the stomach., The rat
strein used was F3k4. Adenocsrciooma of the stomach in this ret strain is
extremely rare, ! {n 1754 (<0.05%). Therefore, they concluded thet the like-
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lthood of observing 6 adenocarcinomas in 144 rats was less than 0.035 (P<0.0%).
Preston et al. (1981), found that PCBs promoted the induction of cancer inft{-
ated by diethyl nitrossmine. This study suggests vhat vas glso mentioned by
Dr. Safe that PCBs mey be promocers. Initiators are thought to cause a primary
{nsult in the cell vhich tn time vill cause this <all to become cancerous.
Promoters vwill {ncrease the possibility of an initiated call to be transformed
{nco a cancerous cell, At the moment there is a lot of uucertaincy om how
promoters should be regulated.

One problea vith the particular compounds ve are dealing with here is
that these compounds seem to be persiscent in the body for extremely long
periods of time. Other promoters are not persistent. Perhaps a d{fferance
betwvean differenc groups of compounds based ou their metsbolic behavior
shoyld be amade.

Dr. Friess also slluded to the effact of PC3s on the {moune response in
auimsls, and Dr. Safe mencioned thvmic strophy sud atrophy of the spleen. To
bring this iato concexc, there are differect types of immsne rasponses. The
humoral {mmune response i{s consiscent with the development of sutibodies to
comron infactiocans and to vaccinstions., The csll-mediated immune responss,
vhich {f i{spaired, will, for instance, decrease the ability of rejecting foreign
tissue grafts. This system s affactsd vhen the thywus and spleen are atrophie,
snd {3 very sensitive in the esrly development of children and {n young snimals.

Reproduction studies vere also mentioned and again there seems to be some
varfstion in response for differsnt specles. Dr. Friess also pointed out thst
sczd snizai species are more sensitive to the toxic affects of these compounds
chan others, 1If the entire group of compounds Dr. Safe vas talking sbout is
sxamised, it seems that the miuk, the guinea pig, the monkey, and the quail eor
the chick emdryo are particularly sensitive vhile the rat and the mouse are
less sensitive. That {e also borm out in reproduction studies if different
aixcures ste tested. Dosege levels vhich produce effects vary widely. There
sre just & lot of differences in soma of the older data that was reviawed dy
Or. Friess., Nov wve are beginning to see vhy this {s so by doing work with
{onmers vhich hopefully will eventually put all of this informarion ineco place
and make it sesm more logical,

Dr. Sefe recommended that we should perfors studies with {somers in
animals. Tor a lifetims scudy a lot of material is needed, Will these
isowers raally be available to do thesa types of studies? -Furthermore,

Or. Friess emphasized thet some subhuman primatas may be more or lass suscep-
tible to thase compounds then others. Since subhuymsn primates are vary expen-
sive, doing & lot of studies {n them would be difficult. Moet of tha carcine-
genasis studies are doue in racs and wice bacsuse historically we have
expsrience with that system end because rodents have @ short lifespan.

Dr. Safa talked sbout structura activity relationship of the stereo-
{sotiers. 1t seems to be vary important whather these chemicals are planar or
not. Jim McKinney (NIEHS) 1s also vorking in chis aresa. He has recently
published & paper in vhich he points out that co-polarity is alse vary important
‘McKinney snd Singh 1981). Co-polerity mey change in differsnt solutions and
with it the swount of chemical that is planir or slmost planar can vary.

Parhaps Dr. Safe may wish to cosment on this.
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It vas then stated by Dr. Friess that Dr. Safe had a very interesting
cellular test system in vhich the induction of arylhydrocarbon hydroxylase
could be measured without using the {ntact animal system and for the chemicals
vhich induced arylhydrocarbon hydroxylase a dose response curve wvhich vent
upvard with doee could be developed. As the dosa vas incressed even further,
the {nduction did aot incresse proportionally. Inhidbition of excess substrate
1s a vell known biological event {n certain enzymes, and Dr. Friess rsised the
question to Dr. Safe vhether 1f you increase the dose even further, would a
point be reached vhere the induction would decrsase to zero? Would an excass
o:fthcrlctivo {somer, as it vere, become its owvn tool for negating its own
effect

Dr. Friese also raisad the question whecher in localizing these high
isomers in tissues, can u model compound be devised whick, tn itself, hae
l1{ttle biological activity but could block the receptors and block the
synthesis points vhich are triggered by these "hot" isowers. Dr. Safe then
responded to thase questions. He scated that some isomers are hard to get.
They would have to be made. For some, it would be difficult to make large
enough quantities for any sort of in vivo studies, but there are s fev that
are amendsble to synthesis.

In response to Dr. Friess' questfon sbout lass faduction at high dosage
levels, Dr. Safe stated that this also occurred in vivo with PCBs becasuse the
aniasls sre dying. This is probably not due to an inhibition of the snzyme.
The cell fs killed or the snimel is dying. Unfortumately, an overdose would
not be protective,

Dr. Maty Wolff then added information about planarity. Or. McKinney's
(NIZHS) thesis {s that the schievement of co-planarity is in coatradictionm to
an eunergy barrier to free rotation sround the bipheanyl bond. He has showun
that there 1s virtually no rotation. The barrier is low, within 3,4,
3',4'~kinds of materials end goes up vhen you add ortho halogens dut the
degree of co-planarity is proportionsl to the percentage of the time that the
tvo rings vemsin co-planar. It 1s {mportant to point out the much greater
toxicity of the 2,3,4 ‘aud 3,4 substituted {somers but in teras of vhat is
present (n pecple, the Japsnese vwork has suggested that the proportion of PCis
to PCOFs in either Tusho or in their genersl population people is fairly
consistent vith whet they were exposed to. In breast milk samples, the ratio
of PC3s to the PCDFs say then be in the range of one million to one, and of
those PCBs by far the larger proportion, cectainly greater than 50X asre the
2,3,4 substicuted kinds of cowpounds. What does that mesn in terms of
relstive toxicity? Do the 2,3,4 aubsticuted PC3e completely outveigh the
potentidl toxicity of the PCDFe? The chromstograms from bresst milk very
closely resemble those of the 4,2,4',3' tetrachlorobiphenyl peak on the gas
chromactogram. There is slso a 2,4,3',4' tatrachlorobiphenyl. That is the
only {eomer of that series that Dr. Safe failed to mention in his telk.

Dr. Safe reemphasized that polarizability vas the point Dr. ¥McKinney was
trying to make. He then stated that 2,4, 3',4' {s fnactive st moderate high
doses. Thu 4,3,4'- {s insctive in the chlorg series becauvse of lack of polar-
{2adf14{ty. When one ortho {s chlorine added, it 1s also inactive. Therefore,
{t eakes no contribution. The 2,3,4 substituted biphenyls do predominste iz
breast 8ilk gnd in humen tissues sud some of those analogues are active.
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Coupsred to Aroclor and Kanachlor thars {s & five-to-sevenfold increase in
sctivity. So, "Yes," they ara the onss that can exart toxicity, sud there
seen to be more of them in human tissue. Humans seem to preferenzially
concantrate those kiude of chamicals., Jorenaenstrom snd Jensen confirmed thst
a long time sgo. It im possible that the PCBe vwhich sre preferentially
reteined are slso more toxic.

Dr, Muriel Lippmsn, ERNACO, luc,, added commencs to the evaluation of the
carcinogenicity dats by Dr, Friase. Pailure to obtein s statistically
significant incresae {in cencer inci{dence i{n Crestad animals cowpared to their
controls ia called a negative study or negative test result, One is tempted
to conclude from such a study, or sevaral such studies, that the agent tasted
is not a carcinogen. This conclusion {s not necessarily true. We know that
there sre many reasons vhy a csrcinogen msy yteld s negative test result, Omne
such resson {s the sensitivity or the power of the experiment to detect the
sffect,

In otrder to have & 90T chance of detecting a significant increase {n
cancer {ncidence {n the trested animals at & P = S, vhich is the customary
lavel adopted, s sanple size of 23 snimals per group (thac is, 2% aunimsls uot
only in the group but slive st the esrliest time to tumor) vould require that
9 out of 25 of the snimals shov the lesion, (in this csse the lesion to
hepatocalluler carcinoma) as compared with 0 out; of 25 controls. [f the group
size is 25 snimals per one sax per group, treated and control, there must be &
difference of 352 over background in order to be significant at the 5% level
to heve 8 901 chance of detecting this effect.

When the background size 1s smaller, (e.g., there are 18 animals per
group) & higher percentsge incresss over background is required in order to
detect & significant sffect. The Calandras study that vas discuseed by Dr.
Friass had ot most l4 snimals par group., The NCI study hed 24 anisals per
group of such sex or lese and the Ito study hed 12 {n each trested group and
only 6 coatrols. These were therefore extremely insensitive studies. A
negative result vith such insensitive studies does not permit us to
discinguish vhether thers was no carcinogenic effect or vhether the study vas
simply too {nsensitive to detect the effect.

In contrast, & positive result on s very {nsensitive study tells us some-
thing sbout the carcinmogenic potential of the compound, that it in fact cen bde
detected at-gll in such an ineensitive study, In the Ito study, there vas »
41,62 facresss i{n hepatocellular carcinops with Kanechlor $00; it {e¢ just such
an {nsensitive test. Thet should carry a significant amount of weight,

Now {s there snything thet ve can do to help to distinguish betveen the
truly negstive case ot 8 case of insensitivity? I think thers ere st lesst
tvo things that ve can do. One {s to look st the actusl incidence of the
hepstocellular carcinoma. Is it very high? 1Is it, in the experience of
pathologists, vell above dackground, and secondly, look at morphological
chenges that may comstituts pre-malignant changa. Both of these optioans sre
aveiladle 2nd gan be considered in the oversall veight of evidence vhich I
vould 1like to susmsrize. In the case of hepatocellular carcinoma, there vas
one very sensitive test in rats, that of Dr. Kimbrough's, vhere she indicated
that she started vith 200 animals and in vhich 142 of the trested sninmsls, or
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26 out of 184, shoved hepatocellulsar carcinoma. This was highly significant,
Thers was also & very insensitive teet, which showed an incresss {n aice.

This vas {n mics, the Ito study, vith 41.6% incidesce. So you have & study o
rats and & study in mice that indicsted carcinogenicity. Even {n the NCI
study, & very (nsansitive study, thare vas sonms increase (8%) at the 100 ppm
dietary lavel,

If all of the other dets on hepetoms, neoplestic nodules, nodules of
hyperplasie and hyperplastic foci are examined, simost all of the experiments
showed, especially ell those insensitive sxpariments, not only a significent
incrasse in these lasions, but s dosa-ralated response {n thess lesione. Not
all of tha cowmunity of pachologtsts agree that neoplastic oodules and similar
lesions ere pre-salignant snd va would not 1ike o heve tha whola {ndustry
vipe out PCBs on such data; but the fact remsins that thetrs are strong data
indicating hepatocellular carcinome with an adequate test se vall as
supporting positive i{nformation with insensicive tssts. This shows that the
veight of evidence very strongly favors the conclusion that there {s a
carcinogenic affect. Tha same thing cen be said for the other small studies.
Coliectively these studies reprasent a body of evidence that is not as fuzzy
as Dr. Friass suggests, but allovs us to drav e conclusion until such time as
individual isomers which Dr. Safe vill be able to provide cem be sctually
testad.

If an Aroclor or & Kaoechlor preparstion contains 40 to 60 components and
only some of thess are carcinogeaic, then the doses of the mixture are oot
high et all sipce the sdministered doss 1s not indicated dy the administered
level but contatining ell the compounds is only thet fraction of the
sdminietered dose composed of active agents. Since some of the more toxic
components sre present only in trace quantities, this vould suggest that {f
they aze sctive at all they must be very potent. The effective doee ie not
only reduced by being & mixture and active snd icaciive components; it {s also
reduced by the factor of differential metgbolism and differentiel
pharmacokinetics of thase components. So the veight of evidence fevors the
conclusion that thess compounds, these mixtures that have deen tasted, ere
indeed carcinogens. The dats needs to be rvefined to determine their potency.

Dr. Frisss then discussad severel points about the procedures by which
animsl studies conceived and directed st showing cercinogenicity in animal
models then becoms surrogates for tisk assessment in humans sud the criteris
that ate required. Thers {s uo questioning the point thet su adequately designed
experiment 1s necassary in vhich the right numbers of snimals treatad vwith
sufficient numbers of doses folloved over s sufficient period of time,
approximating s considerable chuok of che lifarime, then folloved toverd the
end of the lifespan to get good dose response numbers for malignancies is
terribly important. Thets {s s0 evading the point that this kind of
faformstion should be established for both saxes of enimals. Therefore, one
vould truly vsnt sn incernationally vell-~designed experiment vwith sn agresd
upon Aroclor, strein, dosing schedule and prococol to follow en internation-
slly epproved experiment for the full course of the snimal's lifs, using both
sexes of animale. Secoodly, #f positive results vers obtainsd which vere
unequivocal, both scatgstically and bfologically, then 3 similer expariment
should ba conducted in & second species. 1If the first vas a rodent specias,
preferably & noarodent should be used. Again, malignent tumors, not nodules,
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not hyperplssia, not setsplasis, not potentially pracancerous lesions but
mal{gnant tumors should be demonstratad,

What Dr. Friess recited according to hiam {s & kind of {ncernational con~
sensus under the umbrella of the International Agency for Research on Cancer
{n vhich poverful criteris bearing on ths sufficiency of avidence to brend the
chemical a9 & carcinogen {n an animal model, and then to use thet {nformatica
for prediction or translation to the human reslly points to salignant tumors,
controlled experiments, large chunks of lifetime and et least two species of
snimsls.

This {nformation to this degree of rigidity does not exist with respect
to the PCBe. That doesn't say it shouldn't. The discussion of the meaningful
interprecation of potencislly precancarous lestons becomes obviated vhen good
experiments are available vith or without cancerous tumors. Assuming that tvo
species have showvn malignant leafons in a significantly greater incidence over
the controls, thea the sctual exposure patterus of humans should de reviewed,
adventitious ususlly, vith occupational patteruns as surrogates of the greactest
sxposures. This {a then translated, by use of modeling equations from the
incidence rates that you sav in your most sensitive, positive snimal model, to
the prediction of risk i{n ths human, making the regulatory sseumption that the
huasn {a taken ss being as sens{tive as the wost sensitive snimal model, even
1f no effects are seen in the human. Having made that risk projection, ueing
a nusber of empirical projecting equations, you only believe it vhen the loop
is closed and cancer is observed in humans as a function of dose.

There is no denying that you vant the perfect experiment, snd none of the
experinents vhich vere 1isted as the three best are perfect. Dr, Kimbrough
would sgrea that they are not perfect, and to the tune that they still disagree,
and esch has flavs end varts, the positive approach is to design and do good,
solid, perfect experiments, looking for csncer as the end point.

Dr. Kisbrough then responded that these suggestions are great. The
problem is that ve dou't live fn an {deal vorld end doing thesa types of
stucies i{n tvo species is very expengive, particularly {f non-rodents are
used. For instance, s dog study would take at lesst ten years snd subhuman
primste studies vould last even longer than thet., Particularly with the PCls,
an addicional question or problem exists vhich may be quite unsurmountable.

As everybody hers has stated, there are a lot of differences in the toxicity
of the different isomers sud cougeners., Which mixture should be tested {n
these very expensive studies? At the Centers for Disesse Control, one of our
goals nov is to prevent disease. Should we take note of auy of the snimal

- stud{es done thus far eund try to vsduce exposure? Or should we wait until the
evidence 18 there in people, that there sctually has been an effect. That is
very often our dilesma, aud slso the dilemma of the regulstor. Our foremost
gosl 1s to protect the health of the people, and how should that dest be done?

We are trying to develop nov at the Centers for Disease Control, some
vays to evaluate people for earlier indicators of effects of exposure so it
vill no longer be necessary to weit until death certificates can be sorted.
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Dr. Friess stated that ha egreed complectely. People should be protected
on the basis of present reslity, and ons mode {s to reduce sll currant end
futurs exposure, sbsolutely,

Dr. Bdvard Burgsr of Georgetown University resused tha discussion on
structure ectivity celstionships, referring to the slagant vork by Dr. Safe
vhich showsd sows element of success. In Dr, Sefe's vork, the biological end
points that vers used to measurs toxicity vers atrophy of parts of the lymphoid
systes, the thymus end the spleen. To vhat extent can this honestly be called
a toxic effect, and what does it mesn?

Dr. Sefe respouded that he did not know, Splenic end thymic atrophy vere
chosen because it csn be measured in s short time. When ove of your organs
shrivel up, 1f you don't vant to cell it tox{city, you don't have to. Whersupon
Dr. Burger pointed out thet the thymus in the humsn deing novmally shrivels up
wvith developmenc. It doesn't in other enimals, but it does 1o the human being.
If it doesn't, it i3 en edbnormal svene, in faet. To understsnd vhat atrophy
of the thymus in snimsle may mesn he proposed that {t may mean that the immune
system is to some extent affected in s vey that he may not understsnd because
the lymphocytes vhich are mainstays of tha immune systsm sra derived to some
sxtent from the thymus and from other parts of the lyaphoid system.

In thet case, should {ndices of disease end points be examined which have
nothing to do wvith cancer or other things talkad ebout {n so many of these
mestings--nenely, immune-related diseases, such as rheumatoid disesses and
collagen disesses? Dr. Kimbrough pointed out that unfortunately none of the
uembers of the panel vere immunologists. Eovever, iz the snimal systeams at
lesst there is some evidence that 1if the thywus of the infant mouse is irredi-
ated, then this mouse does not develop properly dut develops runt disease.
Anisals vith runt diseess may in the end stage of their disease develop
leukenia., This vas an effect of radistion on the thymus and certain isemno-
suppressive drugs. In the thirties, ths thymus of children ves irradiated
becsuse et that time the idea existed that s large thymus would somehov cause
111 health in children, These children later bad e high incidence of cancer
of the thyroid because of the radistion exposure, but the other effects that
vere observed in rodents have not been rveported {un the children. The types of
chlorinated hydrocarbonm compounds discussed here, at least {n rodents, affect
the imsune eystem the way vadistion does, but this has so far not been shown
{n people for moet of these compounds.

In order to evaluate the immune system properly in population studies,
bese lines of normel variations in the general population need to be developed
first and laboratory methods need to be stendardized.

Dr. Burger then raiterstsd thet he vas bothered by the jump that ves made
by calling the association described ae one betveen structure and toxicity
based upon an observation, the mesning of vhich he does not understand,

Dr. Friess then outlined vhat he felt vere meaningful biological end
points for immunoccompstence, such ss exposure to endotoxins, invading viruses,
invading microorgenisus of the malarisl perasite type, end the mors subtle
changes in immsunocompetence, such as tha ability to reject grafts. In suemary,
neaningful end points are the ability to vithstand external challenges of

256

MONS 026297



{nfect{ous egents and the abdility to respond differently to foreign tissues.
Dr. Burger added thet there ere some disease processes vhose bases gre thoughe
to bs, at least {n pert, & derenged {mmune syscem,

Der. Zervins, Westioghouse R&D, then veicad his concerns sbout the follov-
{og quote: "Sactlon 761,30, che EPA Administrator hereby finds that any
exposure of humsn beinge or the environment to PCBs es measured or detected by
any scisntif{cally accepteabls enslyticsl method {s e significanc exposure."
Should this be construed to meen thaet any exposure datected by eny enelyticel
vethod would produce elinfcally detectable symptoms {n humane? Ultimately
this vhole discussion revolves sround vhat e human response is. 1Is the
epideniological {avastigations, small cthar they ara, thers have been cartein
responses observed or not observed., Should it ba concludad that eny level of
PCH wv{ll produce clinicsl syspcome?

Dr, Frises tn his response tndiceted thet the question ebhout dose versus
response could not e resolved frca epidemiologicel studies vhich were not
desigred im that sophisticaced a fashion, except perhsps for the chlorscne
effect. Ipidemiologiscs heve looked at 2any exposure situetions, over the
last 13, 20, 25 yesrs snd have concluded :Bnt {f the folks over long pertods
of time vere exposed to less than 200 ug/w” concentrstion in sir, the chances
of developing tha stgns of chlorecne are low. Whereas {f the exposure levels
for ressonable periods of tise, over years, repetitivsly, wers such higher
then that, then their chences of devaeloping chlorscne sve higher. With
respact to chloracne, significant exposure teslly mesns act the first
detectable solecule that entered the body, dut that exposure over time vhich
geve & detectedie or vessonsdle fncidencs of cthe effecet, chloracue.

With raspect to the induction of engymes, uo information s sveilable.
Hovever, 1t certsinly would de grester than one molecule or greeter then the
current sophisticated sensitive limits of dectection. Another vorriscme effact
ts the {nformaticn presented ou the infents who bad lov for ters weight.
Although high snd low doses vare discussed vith the higher dose producing mote
of en effect, 1t 3ust be determined whether there is a doee below vhich the
effect goes to zero.  Perhaps the effect on Sirzh weight might be linked co
anzype induction, snd enzyme induction sesns the creation of catalysts for
oxidation, and hormones and steroids could dbe oxidized vhich vould effect the
groweh of the infant fu utero. It needs to be determined vhether this is s
raversible effect. Im the csse 0f the Tusho infancts, the effect vas reversibdle.

Dr. Risbrough did not heve ¢ definite ensver either. Hovever, for many
years PCBs have been present im trace smounts in humen adiposs tissue, in
servm, and other tissues, We all carry lov body burdens, sad we have ell
{ngested trece amounts of PCB. A certsin smouvnt of enviroomental pollution
exists that nothing cen be dene shout {n the short tarm. PCBs ere not the
only thing {n the environment, We sre exposed to sany othar things, and to
sort this out st the very lov trace level {s fmpossidle {n the general population.

Dr. David Stslling from Fish gnd Wildiifa Service, wented to know vhether
Cr. Safe hed sade sny rough comparison betveen the ortho~unsuhstituted PCBs (n
‘terms of petcent of total Arocior ecompositfon varsus percent of total toxicity.
He offered an elteruetive approsch reported by him fn the Froceedings of the
Syeposium on PCBe published in cthe Nev York Acedesy of Sciences vwhich offers
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en alternative to the large amount of wotk on pure isomers, nvamely, that
Aroclors can be fractionated on carbon to give elution profiles which are
{oversely related to the number of chlorines in the ortho positions. PFractions
could readily be prepsred, vhich are enriched {f got totally containing tha
l-chlorine PCB {somers in cowparisoa with the 2,3, snd 4 substituced ones to
eveluate the toxic response. It musc be pointed out that chlorinated dibenzo-
fursos sre present {n fieh, a large element {n the human food chaisn,
spproximately at s ratio of one part of chlorinated dibenzofuran to 100,000
perts of PCBs. '

In the published literature on chlorinated di{benzofursne and PCBe, it 1»
safa to say that most of the chlorinated didenzofurans in Aroclors are under
10 ppa, probably closer to | ppm. Dr. Rappe’s group (Umea, Svedan) has done
quite a bit of vork on this, but there are sbout )5 {somers of chlorinated
dibenzofurans in PCBe. In the environment sbout four or five isowers are
found, all of which sppesr to be 2,3,7,8 subscicuted, and vith the sppropriate
calculetions, it can de determined that a 100-fold excess of 2,3,7, 8 sub-
stituted chlorvinsted dibengofurans exists iu ths £{sh that ve have anslysed.
Thies raises s lot of questions, particularly since the findings made in fish
residues points to the 2,3,7,8-substituted dibensofurane, exactly anelogoue to
the residues ia Yusho oil,

Dr. 8afe responded that his group had experiments im progress to
deternine hov much this "kind of nev clase” of toxic PCBs contribute, but no
results are available. Nor {s it known vhat the contribution of the
polychlorinsted dibenzofursns to the overall toxicity of PCBs is. Hovever,
the polnt must be msde that the PCBe cam contribute. They are toxic, sud vhat
proportion of this is either {n fish or in Yusho s not kmowu, dut they are
contributing and not everything can be blamed on polychlorinsted
didenzofurans,

Dr. Edvard Tesder, Southern Californis Edison Compeny, pointed out that
Dr. Bleir Smith fros the National Institute of Occupstional Safety end Health
had only found equivocsl changes in wortality petterns and no clear sssocie-
tion with carcinogenic effects in his studies of vorkers exposed to PCBe in
capscitor plants. Thess vorkars hed 2CB blood levels as high as 500 ppd
(ug/1). Parhaps blood PCB lavels schieved in the animal studies could be
compared to these sxtremely high humsn levels and then cooclusions could be
drawvn relevant to dose effect levels and responses or lack thereof in humens?

Dr. Friese in his respouse focused on the thres kay animsl studies vhich
vent long enough and pointed out that this information was not aveilsble, In
the human epidemiologicsl studies that vere revieved at the meeting, exposure
levels sud some blood levels sre aveilable but with mo clesr iadicators of
excess carcinogenesis ve might have essentislly the negative information but
ve don't have the threshold for the positive informatiom.

Dr. Kisbrough sdded thet she d{d not anslyse the tissues for PCBe in her
snimal study aud neither did anybody else ic sny of the other studies.
HBovever, {t 18 very {mportauc co actuslly find out vhat the tissue levels are
that cause an effect in terget organs. An sdditional problem is differences
1a species response vhere soms specias may be mors susceptible st lover dosage
levels.,
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Whereupon Dr. Faeder responded that that {nformation could be developed
from general single species pharmacokinetic studies. Is there any data for
other effects vhich make these comparisons and determine blood levels so that
{n fact, {n looking for similar situations in humans {uterspecies comparisons
could ba sade?

Dr. Friess then pointed out thac the gnly axanple vas the chloracne
epidemiological {nformetion where 200 ug/a” {n air vas sssociated with s
higher incidence of chloracne. This probably goes along with s blood level of
sbout half the air level. Perhaps 100 ppd {n blood or higher msy be
associated with a higher probability of developing chloracne, but it sura "ss
heck” hasa't been proved as csusation.

Dr. John Brown of Genersl Electric Resaarch and Development Cencer,
epphasized that he vas quite coancerned about the interpretation of chronic
health effects obsarved in snimals thet may or say not be chronically
sccurulating the agent being tested because (n order to interpret such data
incelligantly and aske interspecies comparisons, one would like to knov the
level of the ageunt present at the time the health effects are being observed.
fa Dr. Kimbrough's first chart vhere she described the feeding schedule to the
tats ctheat vare administered Aroclor 1260, it vas fllustrated that thoss racs
receivad 3 or 4 g/kg of Aroclor 1260 as tha totsl dose. Matthews has reported
that Aroclor 1260 1s slmost encirely retained in the rat vhich would tmply
thet those rats vars carrying on the order of 3 g/kg of Aroclor 1260 st the
time of sacrifice, vhich is approximately tha LD.. . It is hardly s trivial
load. 1Is there any evidence of tissue levels prggout in the cercinogenicity
tests that have been done to dats or has anyone retained tissue so that it may
be possible to go back snd figure out vhether tolerance levels vere exceeded
{n the testing.

Dr. Kimbrough responded that she would have to see vhether she still hed
any tissues. In some studies vhere PCBs vere fod for a period of time and
then the tats ware resoved frow exposure st ths end of the study, the'levels
of PC2s were still very high in adipose tissue, as high ss 1000 ppm, but since
the study vas different, such extrapolations should perhaps not be made. Tha
adipose tissue levels might have been higher, and of course the smount that
vould be in the liver would be proportionslly lower. With polybrominated
biphenyls this was tecently tested becsusa it {s very importsot. The probles
alvays {s that tha person that does the cencar research vorks by himself or
herself and the chemist does the ssme thing; and the two people unever get
together vhich {s very unfortunate. Things should be done d{fferently.

Dr. Kenneth Chase of Washington Oceupationsl Health Associstes then
expanded on clinical syuptows observed in humsas. Traditionally in clinicasl
wnedicine, ve 'distinguish betvean symptoms snd metabolic abnorsslities that are
not necessarily sccompsuied by symptous and certainly there are & number of
studies, many of vhich have been discussed here, vhich have documented metabolic
sbunoraslities. Por syuptoms resulting from PCBD exposure, it would be useful
to distinguish between gcute, subscute, and chronic exposure. When vorkers
ere exposed to PCH containing fluids, particularly in heated form, they can
get irritatinn nf their skin, their eyes, the sucous menbranes vith complaints
of throat irritatidn snd a cough. Those symptoms go away vhen the vorker ia
removed from exposure. Not every single vorker reports those symptoms, but
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they are very consistent. HNobody makes much {ssue over those symptoms, but as
long ss that quastion ves being reised, 1t should be pointed out thet there
ars scute syaptoms associsted with scuts exposurs to PCBs. Chloracne snd
ather dermacicis mey be sssocieted with scuts and longer exposure. Dr. Ffriess
vade ths obsarvation thet thers seems to be a thrashold et vhich chloraiuo is
observsd {n terms of vork environment exposure. The figure of 200 ug/m” was
suggestsd. Thers sres quotas liks thet also {n the NIOSH criteris documeant,
stc. In our axperience, mcst of the PC3 exposurs {s dermal and not inhale-
tion, sithough that myth kesps gatting perpatusted. PCBs ss the cheaists can
tsll us don't have o high vapor pressure, but they ers sesily absorbed through
the skin. There sre studias that vere cited yesterdsy by Dr. Ceffay that
suggest that the likelihood of daveloping chlorecne probably hee an ewful lot
to do with work practices aend work hebits, end those statements srs eiaboreced
on in our paper, in Saith's peper, and also {n Marooi's peper (Maroni st el.
1980), probebly the only investigstor vho tried to do messurements of PCle on
the skin {tself.

Dr, Mary Jo Vodicoik, Medicel Collsge of Wisconsis, theu commented on the
teproductive sffects escrided to the PCPs in light of Dr. Priess’ statement
thet {nduction of the P450 system may vesult {n an fncreesad metabolism of sex
steroids, and could be velated to the lower birth veights, It hes beeu suggestsd
that some of the reproductive effects which have been noted in both rodents
ond subhuman primates, es well ss menstrual irregulerities, ate due to en
incresse in the metabolism of sex steroids, While it ia importent to exsmine
reproductive effscts in sexuslly msturs enimale, it is going to be very
{mportent to considaxr these effects in the neonats.

It hes bsen shovu thet offepring of mothers in rodents pretrested vith
polybrominated biphenyls ere reproductively incompetent leter in life. It has
algo bean shown thet circulating sex steroids in the neonste ere respounsible
for normal reproductive devalopment, and it is prodebly vis the mechenism of
these sex steroide scting on the hypothalamus to imprint it during thé
oeonatal period. This 1s probebly sleo true of the sex difference in the
hapatic mono-oxygenese system seeu in sexuslly mature gnimale. Since PCBs
freely enter breast milk and since many of the congeners found in bresst milk
are potent inducers, the effects of PCBe on the monooxygsnase system in the
neonstel period should be favestigeted more closely. -

Dr. Bleir Smith of NIOSH pointed out, having witunessed knowledgesble
dermatologists argue over whether or not particular lesions ere chlorscue,
thet tha diagnosie s largely dependent upon tha clinicien's pre-existing
knovledge of sxposure. This suggests that the disgnosis of chlorscne {8 not
8o herd & sign of PCB exposurs or toxicity es ve might like to think. Thers
is ¢ lot of intsr- and intre-observer variebility in the diegnosis. The number
of ceses ectuslly cited ere sufficiently small to raise the question whether
thess observations are not in some vay bissed by the investigator's knovwledge
of the sxposurse.

The other biological outcome which has bean cited es & hard or herder
Blological sffett that can be observed in humans, ere the birth veights of
infants born to PCB exposad mothars, the only human dets from the U.S3. was
in Chapter 5. It ves s comparison of PCB high exposed, lov exposed, and not
sxposad (control) women in New York State. The results compared to the
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control group were inconsistent. The mean birth weights wers lover for the
high exposed than for the controls, snd they vars higher for the lov

PCB exposed group than for the controls. The confidence intervals cited dy
the investigator vere 901 confidenca intervals. In effect, one has three
compsrisons at & P value that {s reslly 10X ta looking at that data, and the
results a9 prasanted could have been due merely to chance.

Dr. Kimbrough ended the discussion by sgreeing that ss far as the coament
on chlorsene {s concerned, clinicsl observation sra an imprecise sciences.
Physicians that have not had a lot of experience vith chloracne might not even
detect mild cases of chloracne. Ou the other hand, other lesions are misclas-
sified as chloracne. However, if s biopey {s taken of a hair follicle, it
should be possible to diagnose the lesion microscopically. As far as the
birch weights are concerned, theres is evidence in snimals that reproduction is
sffected, Por that reason, and the preliminery results in humans presented
here, this problem should be explored further, A lot of other things affect
birth veight, such as smoking 2ad slcohol consumption by the mother. In the
humsn population, it will be difficult cto sort these things out. Confounding
variables ara one of tha biggest proolems in chese types of human scudies,
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Addendun

In sn sdditionsl study with Sprague Dawvley rste fed 100 ppa (mg/kg)
Aroclor 1260, {n vhich thers vara 32 male controls, 49 femala controls, 46
nsle exposed, and 47 femala sxposed racs svailable for microscopic exsaina-
tion, a bigh incidence of wall d{fferantisced hepatocellular carcinomas vare
found {n female rate and & lover incidence i{n msles (Weltman, R.H. and
Norback, D.8,, l”l)c
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CHAPTER 7
ENVIRONMENTAL EFTECTS

The peper {n this chepter descrides seversl recent studies of the
eavircnmentsl effacts of PCle. Pre-1978 papara ars recoguized, but the trezd
toverd fevar acuts sud more chronic studies, ead dstter quality reportse {s
apparent, The suthor d{scusses PCBe distridution vithin ths squatic environ-
sent, effects on phytoplemkton production, distribution smong different fish
trophic lavels (o.§., planktivores, detritivoras, sud cgrnivores), esad the use
of more gsensitive 'indicator’' spaciss to moaitor oversll PCBe levels sund
locsts "hot spote”., Algo {ncluded {e the effects of current PCls levels on
seneitive nonsquatic epecies, such as reproduction eud lethality i{o the mink,
ot haritable metsbolic effects in fish-sating birde. Hypothesized mechenisume
for the psrctitioning of PCBs in vater and lipid matarisl ars discuesed, as are
the problens asssocisted vith the absance of a etandard daca collection sod
reporting format for these Cypes of studies.

The discussion sumsary begins vith s pressntation demoustreting the
telationship between very lov levels of PCBs contsminstion eud messurable
{ncresses ia fieh liver moncoxygensas sctivitiss. This descrides the rete of
PC3s blosccumulation sud enzyme induction in theee speciss, end the disappeer-
suce of the affects folloving removel of the contaminent, suggesting @ possible
modsl for monitoring the time course of PCBe contamination. The question {s
raised as to hov reasonable or sppropriete ths use of momooxygensse sctivitiee
night be ae sn indicator of toxicity., Also discuseed is & comparison of PCBs
levels vhich induce snsyme eud veproductive effects versus frenk toxicity, sud
the comperative toxic levels of dibensofurens {u fish.
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ENVIRONMENTAL EFFECTS OF POLYCHLORINATED BIPHENYLS: IMPORTANT ECOLOGICAL
ASPECTS

Richard G. Hunter

Corps of Engineery
Tulss, OK 74121

The pasc fev yasrs have been asrked by s prismatic grovth 1o studies of
the environmentsl affects of polychlorinsced biphenyl (PCB). Although studias
may not have increased on a quentitstive bssis, the qualitsative grovch of such
research efforce has been {mpressiva. Reports of PCB res{due levels in
lisited . -populations from-smsll- aress nave been repleced by studies of seversl
componants of the ecosystes over s large geographical resch., Attempts ste aov
being made to construct sophisticated models to predict residues in verious
eavironmentsl components based on {nput of PCB to tha system. Acute toxicicy
studies have given vay in msny cases to studiss of chrouic toxicity vhich
propose the mechsnism producing the observed sffect. Many of the advences in
the toxicological techniques vhich are s part of this prismatic growth bave
been detsiled by Msyer et sl. (1980).

The purpose of this peper {s to review recent (generally poet-1978)
literature concerning the affectes of PCH on the environment., Originsl dats
concerning tha PCB content of selected frashwvater fish species {s presented as
on sxample of arees requiring sdditionsl favestigstion. The fwplications of
these findings for establishing vater quality stenderds snd designing more
officient PCH monitoring programs ere discussed briefly, )

RECENT ECOTOXICITY STUDIES

There 1s little doubt evan relstively modest lavels of PCY can sdversely
sffact the very base of the squetic trophic pyrsmid, Aroclor® 1248 has been
shovn to significently depress the growth of s green algse et equaous concentra-
ticns of 11 to 111 ug/l (Christensen snd 2islsk{ 1980) gud 10 bg/l PCB inhibiced
groveth of paytoplankton et s variety of cell densities (Kleppel snd McLaughlin
1980). In the lattar study, s recovery of growth occurred sfter the initisl
{nhibicion and thia ves belisved to be partislly dependent on populstion size
and physiological status et the time of exposure. Ouly I ug/l of Aroclor 1234
reduced tha biomass end sfze of phytoplankton communities (0'Comners 1978) end
reduced call division of the algs Isochrysis galbana (Hsrding ,gd Phillips
1978), Fifcy ug/l of PCB significently raduced the uptake of ~C by the
marine distom Thalassiosirs pseudonsns through reduced photosynthesis per cell
ond & decresse {o viable colfn (Hichaels et sl. 1982). Reduced growth also
occurred in the elga Zuglene gracilis upon exposure to 10,000 ug/l of Aroclor
1242 for eighe days (Fryen cn’ Olafsson 1978). A ysast expoesd to ssveral
speciss of Aroclor st concentrations of 25,000 ug/l displaysd veduced growth
after 160 hr (Tejedor 1978). In eddition to decreased growth, other affects

*Atoclor {s s registered trademark of the Monssnto Cheaical Cowpany,
Incorporsted,
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of PCBs have been observed. Ao slgs exposed to 50 ug/l of PCB for only three
hr shoved taduced motility (Zullei snd Benecke 1978), Exposure of ths green
slga Dunnaliells tertiolscta to 100 ug/l of Aroclor 1254 resulted in incressed
call division (Herding end Phillips 1978), a phenomenon similsr to the sction
of soms herbicidaes,

The fect various spascies of plankton within a population may ba sffected
st different lavels of PCB contamination has important remifications for
squatic communities. Thoese orgsnisme wost sensitive to PCB will de eliminated
from tha population at rslstively low levels of PCB input. This creates voids
vhich sre filled by lees PCB seneitive species, thus causing a shift in
speciss composition of the population. The resulting altarstions to aquatic
food vabs sre almost incomprahensible end mey edversaly affsct organisms
othervise quite tolerant of PCB conteminatfon.

Current studies have sctriduted chronic effects noted for other organo-
chlorines to PCB (Mehrle st sl. 1982). These suthors observed s decrease in
the mechanicel propercies of vertebras of striped bass (Morone saxatilis)
collected from the Eastern U.S, They believe this decresse to be a result of
environmentsl contaminants, the most common of vhich wvas PCB. Whole body
concent of PCB residues in these striped bass reuged from 0.03 to 2.6 ug/g
(vet weight), The mechanism involved vas related to sn induced functionsl
deficiency of Vitamiw C, leading to s reduction in collagen formstion, with
the incressed rvatioc of minerals to collagen causing brittleness of the spine.
This hypothesis vas originally sdvenced for toxaphsns (Mayer at sl. 1978,
Hasilton et al. 1981) and similar effecta have been shovu to result from
kepone and mirex (Mehrle et al, 1981). Ths identification of this process
tepresents s nevw direction in PCD ecotoxicology resesrch, Not only does it
illuscrate chronic processes perhaps common to a veriety of toxic subetances,
it presents pathvays for research into countering these effects.

The more traditional investigatious focusing on bioassay tests are less

vell represented in recant studies than £n the pest. Perhaps thia indiceces a
shift of. emphasis to the effects of toxic substances other than PCB or it may
be symptomatic of a genersl decline in resesrch funding. Acute toxicity of
PCB to rainbov trout (Sslmo gairdneri) 4n flov-through tests was measured as 2
ug/l (Birge 1979). These same ifnvestigators rop:r:od 1CSO0s !o: l;r.;.outh s
bsss (Microptsrus salmoides) and redear sunfish (Lepomis microlophus) of 2.
ug/l and v u.7l respectively. Chrosic effects on the 14ife cycle of brook
trout (Salvelinus fontinalis) occurred st concestrations of Aroclor 1254
vanging from 0.7 to 1.5 ug/l (Mauck 1978)., Fathead minnows (Pimephales

romalss) exhibited chronic effects et concentrations of 0.1 to 0.4 pg/t of
Aroclor 1248 aud 1,3 to 4.0 ug/1 of Aroclor 1260 (DaFos 1978). The 30-day
LCSO obtained for fathead minnovs axposed to Aroclor 1248 was 4.7 ug/l, the
valua for Aroclor 1260 was 3.3 ug/l (DePoe 1978).

B{oassays conducted on shrimp (Crangon septemspinosa) produced a 96-hour
LCSO for Aroclor 1242 in sesvster (20° c! of 13.0 ug/1 vhile the ssme test
using Aroctor t254 vesulted in an LCSO of 12,0 ug/l (McLeese and Metcalfe
1980). Threshold levels vere 6.5 and 0,5 ug/l respsciively. An sctempt to
determine the 96-hour LC50 for the two PCB species in sedinents resultad in no
mortality of the shrimp at 780 ug/l of Aroclor 1242 and 3400 ug/l of Aroclor
1254 (McLeess snd Metcalfe 1980). Gulf killifish (Fundulus grandis) exposed
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for T4 hr to vater containing 40 ug/l Aroclor 1242 had highly sign{ficant
(p=0.001) increases in locomotor activity (Fingerman and Russell 1980).
Aqueous concentrations of 8 ug/l Aroclor 1242 {nhibited molting fn fiddler
crabs (Uca pugiletor) exposed for 18 days (Fingerman and Fingerman 1979) while
crabs exposed to 2000 ug/l Aroclor 1242 for four days exhibited s greater
dispersion of melanin in their caravaces (Fingerwan aud Fingerman 1978).

The information obtained from these recent studies oo the ecotoxicity of
PCB reinforce the veslth of inforuation published during the esrly 1970s.
Invertebrates, as & group, are smong the organiszs wost sensitive to PCH, and
sslmon and trout are more readily sffected then other fish species. In
general, toxicity sppesrs to increase vith the level of chlorination i(n s
particular PCB species., Data for chronic toxicity studies on msny common
freshvacter fish species is lacking and thers {¢ no bioassay {nformation for
entire groups of organisms. This 1s particularly true for vild mammals.
Aninals vhich are large, difficult to keep under laboratory conditions, or
rate sre not represented in the literature on PCB toxicity. This may de
especially {mportant since tarity or difficuley in surviving captivity might
be i{ndicators of hypersensitivity to environmentsal perturbations. An early
caution by Johnson (1968) 1e applicsble to dats on the highly lipfd-soluble
PC2s. He noted laboratory diets srtificially high {an fat might cause ao
spparent increase {n body content of organochlorines., Similerly, sn improper
diet might cause utilization of body fat containing PCB, thus increasing
spparent toxicity. NMethods of reporting the results of chronie toxicity
studies of PCB are also subject to improvement. A minority of the investige-
tors calculated effactive concentrations (EC) for s given alfect, slthough
this 4s an excellsnt technique. Likevise, few studies presinted threshold
concentrations for the test organisas,

IMPACT OF PCB ON REPRODUCTION

Fish

Disruption of reproductive processes in fish exposed to PCB gpparently is
20t velated to decresses in hatchability of eggs. A comparisen of eggs from
wvild populstions of Lake Michigan lake trout (Salvalinus namaycush) vith eggs
from hatchery stock found no effect of PCBs on the early survival of the trout
(Stauffer 1979). In that study, the eggs from the vild populstions contained
PC3 residues of 3.15 to 9.9 ug/g, those from the hetchary fish ranged from
0,20 to 0.28 pg/g. Studies of Atlantic sslaon (Selmo saler) also shoved no
correlation detveen PCB levels in sggs and hatchabil{ty. The salmon aggs
contained 1.88 to 6.48 ug/g PCB on ¢ lipid dasls (Zitko end Saundars 1979),
PC3 slso had no effect on the hatchability of dried Brine shrimp (Artemis
salins) eggs vhan hatching occurred in veter contsfuning concentrations of 10
ng/1 PC3 (Ruvabars ot al. 1980).

Birds

There sre fev reports of PCY adversely affecting reproduction im birds.
Japsnese quail (Coturnix coturnix japonica) fed diets containing 50, 100, sud
450 ug/g PCB. for J weaks during sexual maturity shoved significent effscts.
These {ncluded delayed laying snd diminished laying capscity, {ncrassad liver
veight, testes changes, and reduced bresking strength of eggs (Biessmsnn
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1982). Experimencal evidence obtained for Wescern gredes (Aschmophorus
occidentalis) indicates PCB levels are not directly correlatad with eggshell
thinning alcthough an {ntevaction betvees Aroclor 1260 and DDE {n reducing
aggshell thickness vas suggested (Lindvall end Low 1380). Screaech owls (Otus
2sio) fed s diet containing ) ug/g of Aroclor 1248 shoved no decrsass in
egzshell thickness, number of aggs laid, young hatched, or young fledgad
(McLene snd Hughee 1980). The eggs of thesa ovls conZained PCB residuss
ranging from 3.9 to 17.8 ug/g. There vas no evidence of eggshell thinning {n
Creat skuas (Catheracts skua) collacced from several locations. The aversge
PCB content of the adult skus muscle tissue vas 16.0 ug/g (vet veight); the
eggs sveraged 20,0 ug/g (wet weight) (Furness snd Hutton 1979).

A survey of six bdird spectes; laughing gull (Larus stricille), vhite ibis
(Eudocimus elbus), glossy 1bis (Plegedis falcinellus), American oystercatcher
(Hasmatopus pallistus), willet (Catopcrophorus semipslmatus), sud ruddy
turustone (Arsnaria intsrpres), revealed no comsiscent tread of PCB {n the
eagge (Blue and Lawont 1978). These tnvestigators found no obvious probdlems
vith reproductive success in any of the species. [n s simf{lar scudy conducted
{n Canadas, the mean PCP conctsnc of eggs ranged from 0.32 ug/g {n common eider
(Somazeris mollissima) to 21.7 ug/g in ragzorbill (Alca tarda) (Pearce st al.
1979), Those suthors also coucluded those epecias were unsffected by PCB
lavels., Nins-sonth old mallerd ducks (Anas platyrhvchus) fad s dfet that
{ncluded 28 ug/g of Aroclor 1254 for at lesst ons sonth displayed no ill
offects ou reproduction. The psrsmeters massursd included the aumber of beus
layiug, the date of the first egg, clutch size, hatching success, survival to
three veeks, tunber of times off the nest per day, snd totsl time off the nest
(Custer snd Neinz 1980). Thers ves & large incresse io fertility in the msle
ducks fed ths PC3 diet vhich the suchors vere unable to explain.

The effect of PCB on the reproduction of birde asy be more insidious than
{ndicsted {n the previous reviav. Chickeans (Calus galus) receiving § ug/g of
PCB {n their diet shoved no significanc effects on reproduction. Eowever,
fenale progeny of these chickens displayed sigunificant decresses {n the
blologicsl effectiveness of estradiol ses well as other slterstions to thetir
mecebolism (Kosutzky et al. 1979). <Significant decreases in bedy tsmparature
st smbient temparstures of 0 end -3° C occurred in mourning doves (Zensidurs
macrours) fed s diet with 40 ug/g Aroclor 1234 for 42 days (Tori end Mayer
1981). The investigetors coucluded PCBs could reduce winter survivel of adult
sud juvenile mourning doves. This lack of informacion ca the effects of IC)
on progeny of birds represents s needed sres of research and reemphasizas the
vell-knovn seed for studies messuring the sffects of tozic substencss on
seversl generations. It {s probable there are populations of piscivorous
birde in the U.S. receiving § ug/g of PCH {a their dist.

Masmsls

Lictle {nformation is avsilable concerning the efZects of PCD on wild
mamnals slthough some information axists on residue levsls 1n satural popula-
tions. Wild sovulettons of bis brown bats (Zptesicus fuscus) vere found to
concain elevetes levels of Aroclor 1260 and to have bigh stillbirth rates, but
expariments failed to correlate the two (Clark 1978). Similar scudies oa
little brown bats (Myotis lucifugus) indicated high levels of PCB (up to 25
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ug/g) in the fetuses may have been responsible for scme stillbi{rths (Clark and
Krynitsky 1978),

Mink (Mustels vison) fed diets containing Aroclor 1242 experienced total
reproductive faiiure vhen PCB levels {n their feed reeched § ug/g and all aink
died vhen the dist contained 20 ug/g of PCB, Perrate fad the seme levels of
PCB shoved no adverse saffects of 5 ug/g but vers unable to successfully
reproduce at dietary levels of 20 ug/g PCH (Blesvins at al. 1980). Zarlier
licerature identified mink as being especially sensitive to PCB and 1t has
been estimated 63X of the fish samples collected {n 1978 from major vatersheds
near the Great Lakes vould pose significant hazards to snimals, such as aink,
feeding on the fish (Veith et al. 1981),

MODES OF PCB_ABSORPTION

Conflicting information is sveilable on the macheniems by which the biots
usy become contaninated by PCB end this {s certainly a major ares vequiring
further study. Bjerk and Brevik (1980) provide three mechanisas by vhich PCB
may contaminate sn snimal: 1) scross the skin, 2) through respirstion, and 3)
ingestion. [n equatic {nvestigstions, it is difficult to separate PCB obtained
from vater and that received through respiration, so msny {nvestigators have
combined the categories. Such s mechsnism can act rapidly; larval striped
bass exposed to squecus concentrations of Aroclor 1254 obtained 80X of their
final PCB concentration {m the firet 12 hr {Cslifeno et al, 1980), Brevik
(1981) noted PCBD content vas not age-dependent {n several fish species from a
Norvegisn lake. He believed this vas avidence of PCB partitioning between
fish tissue lipids and surrounding wvater and stated this mechsnism ves the
predominent factor {o determining PCBD levels in fish. A S-year monitoring
study of fish in s Finnish lake slso revesled PCB concentrations in fish were
correlated vith fat content (Hattuls et sl 1978), The same findings of a
correlation betveen lipid levels snd PC3 comtent wes veported by van den Broek
(1979). Significant correlations betveen PCI and lipid countent have been
found for yellew perch (Perca flavescens) and sslmonids in lake Ontario
(Arastrong end Sloan 1980). Indeed, thers sppasts to be s constent psrtition-
ing of 2CB betveen the verious components of the environment. Partitioning of
?CB betveen thol ater snd parciculate sacter has beem demonstrated (Biggs et
al, 1980), At ‘"C-PCB concentrations of 25 mg/l, 19 to 222 of the PCBD was
sorbed to particles snd 70 to 72X vas in the veter., When PCB concentrations
vere increased four-fold, 66 to 69% was sorbed to particles and 22 to 23X wvae
iz the vater. This sorption was shown to be reversible.

Unfortunately, the concentration of PCB in sn orgemniem is not simply
related to the lipid content of a particular tissue. Oune investigator found
no {ncresss in PCP levels in liver tissues of exposed fish, slthough ha vas
able to correlate ssmple lipid content and PC3 level (van den Broek 1979). He
vieved this as evidence of food chain sccumulation. PCB contant in grey
mullets (Chelon labrosus) wes not dependent on age but was dependent on food
{ntake {(Narbonne « A study by che State of Nev York found no siguificant
corralation betveen PCB concentration sud lipid content in striped bass (New
York Dept. aviron. Conserv. Report 1979) end Mehrle et al. (1982) slso found
a0 significant correlation-betveen PCB content end lipids in striped bass.
S:udies by Hunter et al, (1980a,b) correlated PCB content with feeding habits
10 several freshwvater fish specias. Lavels of FCB {o seal brains vare lover
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than other tissue of a similer fac contenc, suggesting differentiel sbsorption
of PCBs {n fat (Rosawvell et al. 1979),

No matter vhat the mechenism, saimale can concentrats extremely largs
smounts of PCE frow the enviroument. In lé-day live cer studies in the Hudson
River, fish concencrated PCH to levels 15,000 to 26,000 cimes thoss in the
vetar (Skea et al. 1979). The importence of deposition of PCB absorbed to
suspended particlae has not been overlooked. Tvo species of marine benthos
vere able to concentrace PCH from 3.8 to 10.8 timas the asount {n the eadizent
{o 32 deys (McLeass ot al. 1980), Two spacies of polychaetes had S-day
bioconcentration factors of 236 to 373 (Courtney et al. 1978), end biocconcen-~
tration feccors of PCB in fillets of S fish species to PC3 in sedimencs ranged
from 0.319 to 10.319 (Hunter ec al. [980b).

ECOLOGICAL PROCESSES IN PCB CONTAMINATION

There are two espects of PCH concamination which beve bacoms especislly
imporctant {n tha last fev years. They sra the use of indicator organisas and
tha ecological processes related to accumulation of PCB {n the biota.

Dats recently collected from uine Oklahoms lakes {llustrates the importeuce
of both areas of PCB investigazion, All of the lskes exsmined are Corps of
Engineers impoundaents locatad in the eastern one-half of Oklshoma (Pigure 1).
The lakes vary grestly in morphomstric fsctors, vater quality, age, end
vatarchad {ndustrislizetion (Teble 1). Seven of the lakes have not been
identified as baving PCB sources {u the iomediste wstershed, Relstively
severe PCB contaminstion was detected in the biota of Ft. Gibsou Lake ia 1979,
An extensive {nvestigation by sn {nter-sgency task force led to the discovery
of several small, generally lov-level sources of PCB withim an fndustrialised
eres at the upper end of the lake (State of Oklshoma Report 1980). Wabbers
Falls Leke has an {nterim-NPDES permitted PCB discharge into the upper lake.

A peper tecycling operation has discharged effluent contsining 8 maxinum of
2.5 ug/1 PCB since 1976.

Methodology

Thres-hundred end seven fish representing seven common species ware
collected from the nine lakes betwveen 1979 end 1981, All fish vere collected
during the summer months vith the sid of gill nets and electro-fishing devices.:
Ssmple numbers vere determined based on the surface erss of the lake, vith
spproximstely one fish per 330 to 450 surfece ha of wvater at normal pool
elevation. An exception to this rule occcurred st Lake Bufeula, vhere due to
budgetary constrainte, ouly one-hslf the vequired fish vere collected. The
samples were primarily composaed of about 632% decritivoras, 23X cernivores, sud
101 planktivores. In some cases it vas not possible to collect all seven
species. To examine the {nfluence of fish age on PCP burden, dasired size
renges vers esteblished for each species (Table 2). These vere based on
langth-sge relacionships (Lawis et al. 1968) and were typically 2-,3-, and
4-year old fish,

Fish spscies vers grouped into three trophic levels as follovs:

Planktivores: Gizzard shed (Dorosoms cepidisnum)
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Teble ).

Selected Morphomotric Data for Nine Oklshoma Lakes

Inpoundment

Pactor Rufauls Oologsh Fe. Gibson Texoma Webbers Falls Birch Hulah  Keystone Kev
Age (years) 1 L} n » " S 30 17 6

Surface Ares (ha) 41,29 11,922 1,130 35,613 4,411 1,516 5,261 22,388 15,379
Hean Depth (w) 6.9 5.7 3.8 s.1 5.0 9.9 7.4 1.0 ti.s
Noximun Depth (mw) 4.7 18,3 21 35.4 13.3 20.) 14.0 21.6 IS
Norphoadsphic Index 10,3 11.7 n.4 13,3 3.3 6.2 9.4 60.2 A2.)
Storsge Ratio 0.%0 0.3 0.07 0.15 0.20 0.34 ¢ 0.60 0.52
Hesn PCB in <0.1 <0.1 <0,1 <0.1 <0,1 <0.1 <0.1 <0.1 <0.1

veter (ug/})

MONS 026313




Tsble 2, Size Ranges of Fish Collected from Nine Oklshoma Lakes

Hiniwym - Maximum
Spacies size (am) size (mm)
River carpsucker 200 150
Carp 200 350
Chaunnel catfish 200 350
Smallsouth duffale 200 350
White bass ‘ 200 5o
Glzzard ehad, 123 300
White crappie 150 300
273
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Detritivores: Carp (Cyprinus carpio), channel cetfish (Ictalurus
punctatus), smallmouth buffalo (Ictiobus bubalus), river carpsucker (Carpiodes
carpio)

Carnivores: White crappie (Pomoxis annularis), vhite bass (Morons
chrysops).

Although tha feeding babits of some of thass specias overlap, thase groupings
provide general trophic levels. The term detritivore may be crit{cized as too
goneral, hovever the important point is fish in this group {nhabit the bottea
substrate. The specias in this study vere chosen not oaly based on trophic
level, but also because, vith ths exception of gizzard shad, they are price
contributors to tha commercial or sport fishery. It should slso bas soted the
speciss are common throughout the study-ares and are eessily collected.

A fillet was ramoved from esch fish as prescrided by the Pood and Drug
Adninistration (USFDA 1972), vrapped in sluminum foil, end frogen. The
fillecs vere then trensported to a laboratory for determinstion of totsl PCB
residues. Laborstory enalysis folloved methods tncol-cndcd6§y che PDA (1972).
The sanples vers asnalyzed using s gas chromatograph vith s ""Ni electron-
cepture detector. Dus to contrsctursl constrsints, it vas necessary to
utilice. four leboratories for sample snslysis. For this resson, particularly
strict quality control requirements wers maintsined. These included sequentisl
tecovery end spiked vecavery snslysis for 5% of all samples. Sequential
recovery yielded a sinisum of 96% recovery from initial extractions vhile
spiked recovery rsuged from 89 to 108%, sand ths results presented in this
study vere not corrected for recovery. Replicate analyses veare conducted for
ST of all senples and vare within 9% of the sample mesn. Raagent/glassvare
blenks were required with esch 20 masples. The minimum detection limit for
totel PCBs in fish flesh wvas 30 ug/kg, and ell results vere axpressed on a
vet-vaight basts.

Stat{sticel enelyses of the date vere conducted with the Statisticsl
Applications System (SAS 1982)., The avalysis of varisance function of the GILX
procedure was used to cowmpere PCB restdues in fi{llats co fish species, trophic
level, lake, fish length (within s species), and ssaple location (within
selected lakas). When a significent difference (p=0.0%) ves {indicated by the
analysis of vartance, Duncan's multiple range test vas used to locate the
variance (p=0.03). Samples found to contein nondetecteble levels of PCB ware
assumed to contaim 15 ug/kg for statistical purposes.

Results

Total PCB content in fish from the nine lskes ranged from not detectable
to 16,100 yg/kg and varied significantly (p=0.0001) between lakes. Tvo
hundred forty~one (78,5%) of the f{llets contained detectable levels of PCB
residuss and the mesn concentration for all samples vas 631 ug/kg. The
greatest mesn conceatrations occurred in fish from the tvo lekes vith kaown
PC3 sources; Ft, Cibson and Webbers Falls. Each of these lakes exhibited
$1gnificant vartation in PCB rwsidues in fish wvhile the remsining lekes
corprised s third group (Tadle 3).
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Table 3, Resulrs of Duncan's Multiple Range Test for
PCB Content of Fish From Nine Oklahoma Lakas’

Mean PC3
Lake N (ug/kg) Groupiog*
Ft. Gibson k1] 3244 A
Webbers Falls 27 1612 3
3rech 22 430 c
Kav 30 51 c
Keystone 30 330 c
Oologah 33 240 c
Eufauls 47 154 c
Texoma 91 86 c
Bulsh 17 15 c

*Megns with the sase letter sre not significantly different (p = 0.05)
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When all samples vers grouped by trophic level, detritivoras had a mean
PCB burden of 781 ug/kg, vhile carnivores end planktivores avareged 312 and
136 ug/kg respectivaly (Tabls 4). Detritivores had signifiecesncly greacer PCB
residues (p=0.014]) 1in their f{llets then sithar carnivores or planktivores.
The influence of trophic level ou the sasple from ssch {ndividual lske vss
also tested (vith the exception of Hulah Lake vhich did not have deteccable
PC3 residues {n soy ssample). Detritivores in four of the lakes conceined
aiguificently grester (p=0.03) concentrstions of PCB then the other trophie
levels. In the remainiog four lekes, aither there ves oo significent differ-
ence (p=0.03) betveen trophic levels, or datritivores snd planktivorss vers in
e group with significantly greater (p=0.05) PCD content then carnmivores.

Dete from the individusl fish speciles comprising the three trophic levaels
vers anslyzad to determine if any species vithin the levels contained signifi-
cantly higher PCB tesiduas. Both tiver carpsucker snd cerp fillets conteined
signiffcantly greeter (p=0.0097) PC3 residues then the other species (Tabla
5)., No significent difference (p=0.05) vas found becveen the remsining
speciss. The smesn concencration of PCBs {n fillecs rsuged from 1099 ug/kg in
river carpeuckar to 86 ug/kg {a vhite crappie.

Deta frow selected study lekes ves compered by geographicel location of |
the sample to sscertein the influence of sample locetion vithin s lske on the
resulting PCB burdens. The four lskee; Webbers Falls, Oologsh, Bufsuls, and
Texoma, ssch had been sampled in tvo or more widely sepsrated locstions, and
the samples vithin the leke vers similsr io number eud composition. Ne
significent difference (p=0.03) wvas found batween levels of ICP {n fillets snd
geographicel location of the sample for sauy of the four lskes.

Totsl PCD content vas slso compared to fish length (as s messure of age)
for esch spsciss. Altbough the size rangs of the sampls had besn kept rele-
tively small, no eignificant correlation (p=0.0S) ves found for any species.

Ind{cator Organisme

1t {s prodeble that mesn PC3 contenr of fiah from the sevan lakes withoue
known sources of PCB {aput represent "background” levals typical of many
Southwestern U.S, lakss. Btmilar levels of PCB residues in fish from lakes
vithout known PC3 sources have besn found by the Oklshoma Scate Department of
Heslth (Oklehoms Stete Depertment of Neslth Report 1981). The results of ths
present study fndicete PCB residue in fish ces be related to MCB input fnto sn
squstic system sud such imformstion may be sufficiently sensitive to sllov
differentistion betwvees "normsl™ concentretions of PCB end eleveted levels
from either permitted or non-permittad dischsrges. This represents a recent
iseue of grsat importance concerning PCH and the enviromment; the use of PCB
content of otgsnisms as indicators of PCB pollution.

Detecting, evalusting, aud regulating PC3 sources pcsas s probles to
envirormentsl sucthoricies for seversl redsons releted to the physicsl chsrecter-
istics of PCB, Whether the PCB input to sn squatic system i{s vis landvash or
Wffluent discharge, the extremsly lov solubiiity of tha FCB moleculs in veter
(USEPA Report 1980, Bchoor 1973) and its sffinity for adsorption to suspended
particles insure PCB concentrations in most vaters will be lov. It may be
alaost {upossible to correlste sny PCB found in the veter with the magnitude
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Table 4. Results of Duncan's Multiple Rsnge Test for
PCB Burden in Fish of Three Trophic Levels

Trophic Mean PCB

Laval N (ug/kg) Grouping®
Detritivores 208 81 A
Camnivoras 86 312 3
Herbivores 3 136 ) ]

*Mesns vith the ssme lettar ave not significancly different (p = 0.05).
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Table S.

Results of Duncan's Multiple Range Test for

PCY Burden {n Seven Fish Species

Mean PCB
Species N (ug/kg) Grouping*
River carpsucker 41 1099 A
Carp 52 1055 A
Channel catfish Y 683 A ]
Smallmouch buffalo 64 ) 414 3
White bass 28 401 3
Gixzard shad 3 136 B
WVhite crappie 42 86 ?

#Mesne with the same letter are not siguificantly different (p = 0.03)
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of the discharge, It {3 sefe to essume most PCB {s eventually deposited with
sedinents vhen PCB {n the vater and sdeocbad to suspended patrticles have
reached equilibrium, Deposition of PC3 (n ths sedimenl occurs {n responss to
8 variety of factors which {nclude those related to sediment deposition as
vall sa variations in tha attraction of PCB molacules to psrticles. Thus,
daca obtainad frow sadiments Ls d1fficult to tnterprat end subject to wide
variations; cha vell-knovn ;necomenon of sediment "hot-spots” being en example.
At It, Gibson Lake, the majoricy of the contamineted sediments vare confined
to s small tridutary ctepresenting no mors then 45 hs of sediment., This e
only abouc one-half af 1% of che tocal surface ares of sedimencs in the lake,
Even vichin the contaminaced creek, PC3 concantratious ranged frow 0.23 ug/g
(dry veight) to 7.20 ug/g and vere significently grester at areas of
daposition sucn as che upstrasm edige of Yars and the delta, as cowmpared with
the stream bottom and edge (Hunter at al, 1980b).

Incroasingly over tha past fev yesrs, investigators heve turmed to the
biote as s sort of suzomatic, time-iacegrating sampling device., PFish are most
popular slthouga a veriety of organisms from starlings (Sturnus vulgsris)
(White 1979) to mollueks {Butler et al. 1978) have bean used. An sxcellant
reviev of the problems associated with this spproach has deen presentsd by
Phillips (1978). Ia the Oklshoms dats, the lack of significanc diffsrence
betvasn sample locstion end PCD content of fillets showvs the fish vers sde-
quately distridbuted to provide a vepreseatative viev of conditiouns in the
lakes. Unforturately, the standard devietions of many of the ssmples ars
quite large, vhich is a problem common to field observetions.

1f one seeks to compare this dets vith data presentsd dy other {avesti~
gators, tvo very Tesl problems arise. The first of these is wvhat portion of
the body vas examined, or vhether tha sntirs organism vas snslysed, Schmitt
et al. (1981) scknovliedge criticism of the National Pesticide Moaitoring
Program for using vhols fish samples sad provides sousd ressoning for the
choice of vhole fisk., These ianclude the fect that organisms set other organ-
ises enttrely, end fillet standards designed to protect humans sre not partic-
vlarly relevant is ecosystem studies. Arguments for using fillets, such as
esse cf praparaticn end comwparison-to establisted standavrds, ere slso poverful.
It was this .attar gpoinc, tha caapsrison to established 7DA standards, thet
resulted in fillecs deing used {n tha present study. The secound problem is
vhezher to axpress the results on ¢ wet-tissus veight basis or & lipid-veight
basis. Aithough there {s soma indication various 1ipid pools within e
orgeanism aay differentially obtafn PC3 (Rosawell et sl. 1979), teporting on &
1ipid-veight basis vould eliminate much of the verisbility reported in the
li{terature. These problems ers important encugh to verrant the establishaent
of tecosmended procedures by scwe guthoritative group. The standsrdization of
resulta to & vhole organism (vhere size permits), fat-veight basis would be
excresely useful for comperison of enviroumental samplas snd vould eid {n any
future effort tovards setting criteria or standsrds for PCB in orgsnisas.

Assuming steps are tsken to collect cowparsble data, {ndicator organisms
appeer to be quite useful {n PC3 sonitoring programs. Careful plenning end a
koovledge nf cha ecologicsl reletionships of the organisms is required for
successrul use. The Oklenoms dats shows tvo spscias, carp end river cerp-
sucker, contatin significantly greetar (p=0.0097) PC3 residues than the other
f1sh species. It eppears certain organisms or groups of orgenisas vithin en
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environment will contafn signiffcantly grester concentrations of toxic sub-
stances than other organisms and this will occur even if biomagnification does
not operate. Possible causacive factors for this increase are discussed
lster, but the existence of such species or groups has been demonstrated for
PC8 (Huuter ec ai. 1980s,b) and arsenic (Hunter et al. [981). The {dentif{-
cation of these organisms allows monitoring programs to be tailored to trophic
levels or individual species vhich vill reduce the variability associsced with
biological monitoring. This technique has the further advantages of reducing
costs and/or ailowing increased saopiing of the sensitive organisms. Such
organisms will very with geographical region and the toxic substance involved,
although there is reason to believe they would be functional eduivalents.

A study conducted during 1980 ar Webbers Falls Lake provides an idesl
example of the usefulness of indicator organisms. Eight sets of water samples
vere collected at monthly intervsls from twvo depths at each of six locations.
No PCB was detected at a detection limit of 0.1 ug/l in any of these 96
samples. Inpuc of PC3 to cthe upper laka had been occurring at up to 2.5 ug/l
for four years prior to the study. Twenty-five sediment samples vere
collected from areas of deposition for 15 miles downstream from the PCB source
and analyzed for PCB at s detection limit of 0.3 wg/g (dry veight). None of
the ssmples contained detectable residues of PCB. A second agency elso made
sanple collections during the time of PCB {nput. Concentrations of PCB in the
dissolved and suspended phases of the vater vere less thsn the detaction limic
of 0.1 ug/l 1in all samples. Concentrations i{n sediments below the source
ranged from less than 1 ug/kg to 16 ug/kg, and avaraged 6.2 pg/kg (Stoner
1980). Pinally, the group of 29 fish described earlfer vere collected from
the vicinity of the permsitted discharge and at & point 1) km dovnstresm.

There was no significant difference in PCB content betveen the two sample
locations and PCB content vas significantly grester (p=0.05) {n datritivoras
than other trophic levels. Tha total PCB content of the edibls portion of the
17 detritivores vangad from 138 to 5940 ug/kg (vet weight). Thus, no i{nformas-
tion ves obteined from the analysis of the veter snd sediment, but contsmina-
tion of the biote at lavals sbove surrounding lakes vas shown by PCB content
of the detritivores.

The {dencification of groups or species vith increased lavels of PCB3
suggests standerds or eriteria could be set using these organisms as an
indicator of axcessive PCH f{nput, The present data base {s not sufficient to
allow recommendation of such a atsadard, but it could de based on tha concen-
tration in the most asnsitive {ndigenous fish species. This is analogous to
terminology presently usad in many biossesy-basad standards. This approasch
has the advanteges of bypassing the {nsolubility problem of water standards,
eliminating the econfusion of "hot-spots" {n sadiment standards, measuring
sctuel lavele {n ths biota, and vepresenting actual processes of mixing and
removsl {n the systam. The Tejor disadvantages preseccly are the previously
mentioned lack of a deta base and the difficulty in compsring results based on
differing messurement and reporting systens. Uklanozs is presantly moving in
the direction of diversified standards for PC3 cthat racognize some of the
problem described above, The.}979 Oklshoma water gquality standards designats
an aqueous standard and also label concenczrations of PC3 in fish tissue
exceeding 2000 ug/kg as & cause for concern and further investigation (Oklahoma
Water Resources Board Publ. 101 1979), Furcthermore, the Oklahoms legislature
is considering authorization for the establishment of PCB standards based on

280

MONS 026321




sedi{ment concentrations. Such 3 combination spproach un& be & method for
overcoming the limitations of PCB regulation based oo individual compoments of
the environment.

Processes of Accumulation in the Biota

The significanc difference i{n PCB levels detwveen the detritivores and
ocher trophic levels and betveen che carp and river carpsucker and other
species indicates the mechanism producing elevated PCB burdens is related to
boch ingescion of sedimencs during feeding sctivitiee and adsorpcion of PCB
scross the skin. River carpsucker and zarp have been found to ingest large
amounts of bottom material during their feeding activities; various scudies
have found sand and detritus in s large percancaga of the stomachs of bottom-
feeding {ish (Wrenn (968 and Macher 1970). Carp ware thought .to feed primarily
st the sud-watar {aterface by Summerfelt at al, (1970). The saallest, lesst
settleabla particles would be found at this {aterface snd PCBs are associated
mosc strongly with such particles (USEPA Repor: 440/3-80-068 1980). Thus, the
npporzunity for both ?CB pavctitioning into body lipids aud ingestion of
contaninated food gaud sediments vould be maximized in this region., While the
size range of fish used in this scudy was relatively small, tha lack of ’
correlation betveen fish Llsngch and PCB content of fi{llets within s species is
further {ndication the mechanisa by which PCB is obtained {s more complex than
mere ingestion, It is probable individusl fish coms {nto comtact wvith snd
tngest 2C3 laden material in a manner unrelated to ags or sise. One can
hypothesisa fish obtaining e base concentretion of PCB from vater vhich f»
telated to the lipid content of the indiviiusl fish. Another portion of the
totsl body burden of the {ndividual would be {angested {n the fors of foeod,
sedimencs, cr suspended particles.

The sbove hvpothesis explains the ccasistent relationship of detritivores,
ot detritivores sad planktivores, conteining significantly greater PC3 reaidues
than carnivorous spacies, but only if one sssumes biomagnification ia not
operating., As previously scated, PCB {nput to datritivores is maximiszed in
their feeding activities. The PCB {nput to plankeivorous species would also
Ye {ncreased through ingestion of PCB-laden parcicles during filcar feeding.
Howaver, Lf excvesion 18 sicw (there is conflictiang evidancs on this point,
Califano et al. 1980 and Meler 1982), or at lesst similar smong fish specias,
than the carnivorous species would contain the greatest levale of PC3 if
dlomegnificstion occurred. This is especially crue for the carnivorous vhite
bass which is rather pray specific to the planiktivorous gizssrd shad in
reservoirs, Differences in lipid content betveen the trophie levels does not
explain this phenomenon. In the subsample from Ft. Gibson Lake, vhere 1lipid
content ves specificelly measured, dernivorous species had a slightly higher
sesn 11pid conteat than the other trophic levels. PFurthermore, the lipid
content of the ssmples vas not significently correlated (p~0.05) with PCB
content of carnivorous species, but wae correlated with PCB content in some
species of detritivoras. This is evidence biomagnification of PCBs does not
occur and apparant incresses vith trophic level sra relsted to interrelation-
ships batveen levels in the food and environment, feeding habits, sud lipid
content of the organisa.

A recent study (Meler [982) {lluscratés the sbility of organissms 94
accumulate PCB, Midges (Chironomus plumoeus) exposed to 1 end 10 ug/g = C-PCB
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contaninated sediments developed significant body burdens of PCB from
{ngestion of coutaminsted sadiment, and there vas s close relatioaship between
substrate concentration and body burden. Fathead sinnovs fed these nidges
also accumulatad PCB, reaching a saxisum within 30 days. The study damon-
strated organisms can develop signuificent body burdens of PCB froa the inges-
tion of concaminaced sedimencs snd pass these to higher trophic lavels. :

PCH) IN WILD ANIMAL POPULATIONS

There exists & large dats base concerning PCB levels {n portions of
vild animal populations. A study conducted on the Snake River shortly after
the collapse of the Teton Dam found PCB concentrations {n rainbowv trout
averaged 1010 ug/kg. Utah suckers (Catcstomus ardens) averaged 1800 ug/kg,
and Rocky Mountain vhitsfish (Prosopium v Itauogg§5 had a mean PCB content of
1400 ug/kg (Perry 1979). A ssaple of 58 fish from msjor U.S. vatersheds
contained PCB residues ranging from not detectadble (<300 ug/kg) to 140 mg/kg
on a vhole fish (vet weight) basis (Vaith et al. 1979). About 932 of the
semples contained measursble levels of PCB., Coemercislly harvested sullet
from the upper Great Lakes contained PCB residues of 60 ug/kg to 790 ug/kg {n
sdible portions (vet weight) (2abik et al. 1978),

A series of vhole body sggregates of six bottom feeding fish species from
Pennsylvanis vaters contained PCB at 40 to 1630 ug/kg (ver weight)., This vas
substantially grester than similar composites of catnivorous fish vhich had
PCH residues of 50 to 860 ug/kg (Kures 1978). Almost 75% of Utah suckers
collected from American Fslls Reservoir, Idaho, in 1973 hed fungus-like
grovths on the head sud sides vhich the suthors attributed to PCB (Keut sud
Johnson 1979). In thst lake, Utah suckers over two-years old vere the culy
f1sh species vith detectsble levels of PCB. This vas believed to result from
sxposure to contasineted sediments. An interesting study of the Budson
River used femsle Asarican shad (Aloes sapidissims) on their spavning rus to
quastify PCs. Since the shad do not eat upon entering freshvater, the
difference betveen pre~ sud post-entry PCB burdens vas used ss an indication
of PCB in the veter. S$Shed from the lower station averaged 2000 ug/kg (vhole
tish, vet veight) vhile those frow the upper river station had 3 aesn PCB
content of 6100 ug/kg (Pastel et al. 1980).

All 206 red-bressted mergansers (Mergus sarrator) eggs collected in 1977
end 1978 from Lake Michigan contained PCD at s maan cancentration of 22,800
ug/kg (Haeeltioe et al. 1981). These levele vers balov concentrations vhich
had an effect on mallard duck aggs (Haseltine and Prouty 1980). Scudies of
snall aumbers of crows (Coruue bzachythynchos), coots (Fulics americana),
sterlings, and Praoklin's gulls (Larus pipixcas) from South Dakota found ao
PC) at a detection limtt of 100 ug/kg (Greichus at sl. 1978). In & sample of
350 piscivorous birds of 10 species from s pollutad Finnish laks, mean muscle
concentrations by species ranged from 220 ug/kg PCB to 13,490 ug/kg. Mean PCB
contsac of the liver tissue from thuse birds vas similar to cuscle concentra-
tions (Sarkka et al 1978).

Residues of #CB found in less commonly ezamined portions of the biots
include samples of six esrthvorms vith no detectadle PCB (<500 ug/kg), 22
snakes ranging from 1300 to 5800 ug/kg (vet weight), and four nestling birds
containing 850 to 1300 ug/kg PC) (Heinz et al. 1980), Herp seals (Phagophilus
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groenlsandicus) collected from the Gulf of St. Lavrence in 1971 snd 1973
contained 70 to 13,00 ug/kg (wet veight) {n various tissues (Rosewell et al,
1979). A survey of liver and ouscle tissue of mammals collected {o southern
Oncario found 2C3 concentrations in 138 fox (Yulpes spp.) and 105 raccoon
(Procyon lotor) ranged from 28 to 43 ug/kg. Carnivores such as 25 marten
(Martes americana) and 20 oink had residues of 150 to 270 ug/kg, while 1S
fisher (Martes pennanci) sve:igea 500 ug/kg PCB (Frank at al, 1979). The nine
eggs of loggerhead curtles (Carscts caretts) collected from Florida all,
contained PCB st concencrations of 32 %o 20! ug/kg. Neither of the two eggs
from green curcles (Cheionia mvdas) examined concained PCB above the 2% ug/kg
detection level (Clark and Krimitsky 1980). Most of the 19 smsll cetacesns
collected from southern Californiz contained PCB at levels associated with
reproductive impairzent in pinnipeds (0'Shes et al. 1980).

Spatial and Temporsl ?atterns

The 1lencificaticn of specific geographicsl aress with incressed PCH
concaminacion ‘s difff{cule due %o velative {solation of many sources, movement
of cthe bioca, and che {mpact of improved gquancificacion techniques. Some
specias of fish from [ake Erie ond Lake Seint Clair exceeded Censdian scandards,
but there vas no trend between 1968 and 1976 for the varfous fish species
(Frank at al, 1978). Restiduss {n fish from Lakes Huron and Superior also did
vot display recognizable temporal trends betveen 1968 and 1976 (Prank at al.
1978). Concentrstions of PCB in Gannett (Morue basssnus) eggs decreased over
a six-year period from 7.7 ug/g (vet veight] to 3.5 ug/g (Fimreite et al.
1980). A stmilar study of vhite-tailed ssgle (Halisetus slbisilla) eggs from
Scandinavia shoved no decrasse in PCB content over s four-year period (Koivusasri
et al. 1980). The National Pesticide Monitoring Program has produced a
vealth of information relating to spatisl snd teaporal trends of PCH contamins-
tion of fish (Vetth et 4l. 1381, Veith et al. 1979, Butler and Schutzmann
1978) as vell ss other organisas (White 1979, Butler st al., 1978), Although s
reviev of the information obtained in that secudy {e beyond the scope of this
paper, tvo iaportsat points cen be made. The first is that the majority of
the Siots of the U.S. {s subjact to a relatively small base-load of PCB
centamination, and populations vhose vembers are completely devoid of body
burdeas of 2C3 ac aodera Jetsczion levelis are a atnority. The sacond pointc {s
most long-tern studies indicate a general downward trend {n PCB contamination
of the bdiota over the past decade.

CONCLUSIONS

Bssed on the previous reviev of literature end originsl dats, the following
conclusions snd recommendations are made:

1. Sicsssay data on PC3s is lacking for large groups of organisms. The use
of "standardized" species of bioassay orgsnisms such as fathead ainnovs
end reinbov trout facilitate comparisons betveen toxic substences bdut
give little indicacion of the effects of PCB on diverse organisas. Data
is particularly needed for large mammals and various trophic levels of
birds. 3Studies of the effects of PCB on progeny should be conducted,
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10.

i1,

12.

Thare is @ constant parcitioning of PCB between various components of the
environoant. Tvo mechanisas, partitioning into body lipids end
{ngestion, control PCB residues in the aquatic biota.

PCBs are not subject to biomagnification but readily bioconcantrate.

The majority of the biota {n the U.8. {s subject to s relatively small
base-load of PCB contamination. Certain organisme, due to their habits,
will contain substantially elevated PCB burdens.

Small amounts of PCB can inhibit production of phytoplankton, adversely
effecting entire squatic ecosystems. This represents e asjor threat to
ths environment and varrants care {n establishing discharse requiremants,

It 19 probeble soma U.S. populations of sensitive mammals, sucn as mink,
era bdaing adversely effected by exposure to PCB. These effects would
primarily be chronic and ralated to reproduction but some acute lethal
effacts are slso likely.

It {8 doudbtful PCBe ere adversely effecting reproduction of fish in
most U.S. vaters. The more PCB sensitive fish, such as salmonids,
frequently have been eliminated by other human actions prior to the use
of PCB. ICB levels might hinder reestablishment of such species. Other
effects, such as a decresse in the mechanicsl properties of vertebrae
have besen showvn to occur,

Most bird populations in the U.S. would not display scute effects from
PCBa in the envircument. Many species of piscivorous birds are exposed
to dietary levels of PCB sufficient to cause metabolic effects fun their
offspring.

A lack of standardised reporting methodologies has reduced the ueefulness
of fiald dats on PCBs. The establighment of recommended ssmple types and
reporting sethods by an authoritstive group is needed. These recommenda-
tions should be based on environmental aspects of PC3 contamination noc
strictly related to human health.

Determination and regulatfon of PCB in the environment is wade difficule
by physical characteristics of tha PCB molecule. Ths relative insolu-
bility of PCB in vater end the affinity for adsorption to suspended
particles makes correlation of PCB snd discharge magnitude difficule.
Likevise, daposition i{n sediments {s mot strictly related to PCB input.

The uss of indicator organisms has become increasingly tefined over the
past fev years. It may be poesible in the near future to set PCB standards
besed oun councentrations {n specfes vhich most readily obtain PCB. The
process of {dentifying such species vould be grestly facilicated by s
central data bsse such ss BIO-STORET.

Most long=tera studies indicate a downvard trend in PCB contamination of
tha biots over the past decads.
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DISCUSSION SUMMARY
M. J. Melgncon

Department of Pharmacology snd Toxicology
Medical College of Wisconsin
Milvaukee, W1 33226

DR. MELANCON: First, I v{ll make s few briaf cotments on some of the
{tems discussad by Mr. Hunter, His firsc slide, vhich ahowved some of ths
published toxicity data for PCBs vith phytoplankton end so on, contsinad datas
on PC3 effects st weter lasvels which are in some instences auch grescer than
the vater solubility of PCBs end in most ceses grester thsn levsls of PCBs
seen in the envi{ronment. Rather than mg/! or ug/l coancentrations of PCBs
typical levels in the environment srs ng/l (Paviov and Dexter 1971), so in
terms of euvironmental lechalicy of PCBs to phytoplankton other than {n
{solated fnstances this is not likely to be & prodlea.

Tha second slide shoved some data on toxicity tests of PCBs in fish., The
concentrations of PCls vhich hed observable effects were typically higher then
snvironmental levals,

One of the problems experienced by Mr. Hunter in hie studies wves that the
sssays for PCBs in water evailable to him could not quantify PC3 concentras-
tious less than 0.1 pg/l. Thue in sll of the lekes in Mr. Bunter's studiss
the PCBe in the vater were too low to be quantified, and without the reedy
aveilsbility of more sensitive methods for essaying water for PCBs {t viil not
be poesible to tell vhat role the amount of PCBs i{n the vater has on the
tesults of various studies.

1 would nov like to describe some vorE vhich I am doing snd work which
has deen done in scme other laboratories which ralate to PCBs in fish in the
environment snd to some of the items discussed {a earlier sessiomns.

Dr. Friess sentioned that one of the toxic effects of PCBs that vas
pratty univaerselly found was induction of enzyme sctivity, and one example he
mentioned vas indyction of monooxygensse activity.

Dr. Sefe then related cytochrome P4é8~cype inducers to the 2,3,7,8-tetre~
chlorodibenzodioxtn (TCDD) cycosolic receptor end toxicity. For those of you
vho ere not familisr with iaduction {n fish, fish respond in terms of
cytochroms P-450 fnduction and moncoxygensse activity only to P448-type
(TCUD-type or J-methylcholanthrene-(3-MC)type) inducers. So, in other words,
of the plathora of PCD congeners only the ones that sre the P448-, the TCDD-,
the IMC-typa inducers cen faduce moncoxygensse sctivity in fish.

Thus, if we study induction of mounooxygenase sctivity in fish and get
{nduction {ir has to have been caused by ooe of this type of inducer, one of

those structures which Dr. Safe has shown as ‘being of the type that binds to
ths TCDD receptor and presumably somehov causes toxicity ia higher organisas,
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Another question that vas raised thls morning vas vhether anyone can
detect any sor: of effects vesulting from exposure to low levels of PCBs., I
would like to present a8 couple of examples of this.

First, I would l{ke to mention some work that vas done by the Departaent
of the Intericr jointly by e group frcw the LaCrosse, WI laboratory and a
group from the Columbis, MO laboratory (Bills et al. 1981). They exposed
rainbow trout in 8 flowing system to Aroclor 1254 at levels which were not
environmentsl levels, but vhich approsched environmental levels more closely
than most studies. Cne exposure was at 10 ng/l and the other was at 100 ng/l.
Afcer 30 days of expcsure the lower level exposure resulted in 0,28 mg/xg
wvhole fish level PCBs, and the h:gher level zave 2,31. In each case over
tventy thousand-fold biosccumulation in a period of )0 days. They then
tested chese fish vith nine fishery mansgement chemicals snd in three or
four of those ceses they found the toxicity was significantly changed by
exposure to PCBs at those levels for one month. So, ve have an example of PCH
exposure at moderately high levels affecting & bilological systen.

1 vould like to menticn nov briefly some vork vhich I have done that also
relatas to this. Remember, I mentioned that fish respood with induced mooo-
oxygenase activicy only to the IMC-type or P4iS-type inducers.

In these studies small rainbow trout were utilized for a dose respounse
curve of hepstic microsomal monooxvgensse activity im resporse to s range of
doses of Aroclor 1254 sdministered intraperitoneally (IP) in corm oil. I
started dosing at .025 ags per kg, snd iancressed dosage until the response
teached maxiaus and Segan decressing.

The activicty yeaked at lase chan 100 mgs per kg, snd.was vell on its vay
down then. .

The ensyune assay utilized ves ethoxyresorufin-O-deethylase activity,
vhich Jr. Safa referred to this morning. A significent elevation vas found at
about 0.3 mgs par kg. This vas s single IP injection of Aroclor 1254 at 0.3
vgs per kg snd cthe fish were sscrificed five dayes later and microsomes
prapsred by stendard methods and che aesay Jone.

. Ue aiso ldoked 8t & Ji{fferent enzvme sctivity, echoxycoumarin-
C-deethrlese activity, and nere agsin at J.2 2gs per kg thers vas s sig-
nificant elevation {n 3onooxygenzss enzyme sctivity.

A similar experiment ves dona (n cacp. Sscrificing vas done st three
days, tive dave and nine days sfter IP in!ectlon of Aroclor 1254, Hare again
ve observed significant elevation of ethoxyresorufin-O-deschylase sctivicy
after s single dose 2f 0.) wgas per kg.

Nov, vhy ax | doing this? 1 sa {ntarestad in induction in the
environeent, what levels of PCBs snd of other pollutants will cause enviroe-
mental fnductilon in the fish. Now, You remember I brought up the point that
zhe {1sh respcnd only to the JiC-type {nducers in Arocler vhich ve have
heatd are the :7pas of chemicais that we have to worry about snyway. So,

" 1f fish are responding to these very sensitively, this could give us some
hendle on vhaz fs sccurring. The point {s that in Lake Michigan, vhich
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Milwaukee happens to be right next 2o, body burdens of PCBs {n fish are
considerably beyond this 0.) wgs per kg et vhich ve get significent i{nduction.

1 also should mention some other vork which has been done at the Medical
College of Wisconsin, Dr. Robert Binder, s postdoctoral fellov who is in Dr.
Lech's lab has exposed lske trout embryos to PCBs shortly after hatching. He
finds that vhen he administers Aroclor 1254 vis the wster and gets a body
burden of 0.3 nge par kg he has about a 10-fold induction of monooxvgenase
activity in the livers of these embryoe., Agsin ve see induction of aono-
oxygenase activity st a fairly lov level of PCB dossge.

The other side of thie resesrch problea, that of demonstrating environ-
mental induction, is something ! have started on.

For this particular experiment we maintained some carp in our dechlori-
nstad Milvaukee City vater and also pumped Milwsukee inner harbor vater into
another set of tanks, We maintained ths temperatures as similar as possible
and thsy received tha same food, After )7 days of exposure the sthoxyreso-
rufin-0-deethylase sctivity in thas carp exposed to harbor vater vas increased
over 10-fold. At 33 days this substantial increase vas stiil present, At 60
days sowe of the fish vere transferred from ths harbor vater into fresh vater,
and at the vext sampling time at 78 days, the controls steyed sbout tha sase,
the harbor vater exposed vere still induced over 10-fold, and the fish vhich
vare svitched to fresh vater dropped to about twice control levels,

The resson I pointed out that part is there have been some papers io the
pest 1in the U.S. on ssseying fish as s means of wonitoring for pollutionm,
particularly by people looking for PAH~type induction. In thess studies hovever
they never had controls or & situstion vhere they could take tha induced fish
back to the lab and shov they could get rid of the inductiom, in -other vords
that it vasn't a strain difference or something like this. There were tvo
expariments dona in Yugoslavis (Kurelec et al. 1977, 1981), vhere thay have
done something similar to this, and obviously ve have shown it wvith the Lake
Michigsn inner harbor vater. What I would really lika to be able to do 18 to
follov this up and relate PCI levels in fish tissues to monocoxygenase enzyme
sctivity and actually look for the specific isomers in the fish tissues to
relste to this.

May we nov have questions from the floor.

DR, BROWN: John Brown, Genersl Electric. 1 would like to ask s question
sbout the physiological significance to the fish of the monooxygenase induction,
1 recall veeing asccounts o the literature of goldfish having been put in
tenke vith PCP) and absorbing up to 88,000 parts per million in their lipid
tissue before they finally turned belly up, and this is many orders of aagnitude
higher than the levels that you have used in demonstrating enzyme induction.

1 also recall st least one study reported with rainbov trout showviog 8
lack of toxicity with dibeazcfurans. This wvould suggest that the correlation
betveen snzvae induction and toxicity that is sesn in varmblooded vertebrates
may not hold in tha fish. Rave you observed the correlation wvith toxicity?
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DR, MELANCON: At the levels ve are using obviouslv we don't find
lethality or overt toxicitv, and that is one of the limitations of just assay-
{ng for & single monooxygensse sctivity. It sppsrently is & very seansitive
tndicator and might be of some value in monitoring because of that, but st
this point, no, I cannot relate {nduction of monooxygenase activity to a
specific defect which (s going to result in che desth of the fish or s specific
toxic symptom.

One possibility {s coexposure to PCBs and other chemicals vith subsequent
activetion of carcinogens and so on but I don't have sny toxicity data om this
sort of thing.

DR. VODICNIK: Mary Jo Vodfcnik, Medical College of Wisconsin. Just to
respond to that and to return to reproduction, there are effects shoving that
PCB ({njection in rainbow trout results in s decrease in circulating testosterone.
This vas not celated, however, to menooxygensse sctivity. However, Gustafson's
group has shown that PCB adainistration to raindbov trout results in an in
vitro stimulstion of androstenedione astzbolisn (Hansson et al. 1980). Se,
there may be an effect on reproduction, a physiological effect of induction {n
fish,

DR. STALLING: Dsve Stalling, Fisheries Lab., Colusbia, MO. I would 1like
to respond to the comment about didenzofuran snd toxicity insofsr as I kenow,
snd I think the study you referred to was probably s feeding study by Zitke.
The residue work accompanying that study shoved as much residue {n the fish
that vere not bolstered as in those that vere fed. This study I think just
points to the fa:t tnat e have no good definitive toxicity data for aquatie
species for cibenzcfurans; at least f there is, I would love to see it.

To ny kuowledge ve have no dats at all for the furans, and there {s
probably oniy sne study reisting to low levels of TCDD exposure. That vork
wes done bv HelZer and the concentzation range there was from 1 to 100 parts
per crillien. I thiri (n 8l 2sres ot 100 parts per trillion they died.
Grovth and survival were Inpaired {n all trestment ranges, and histopathology
was sleo observed, So, fust to =at the rezord straight, I dou't think we have
any valid date t: discuss for fursns.

DR. MELANCON: Dees snyone wish %0 make any comments on what the
appropriate form of ssmpling should be to monitor vhat is geing on in fish,
vhether it should bs vhole fish, fillet snd so on, lipid content or vhatever?

DR. STALLING: Dave Stalling, Fisheries Lab. I am not sure I can exactly:
snsver that question. I think the vork that has bdeen done on tha Grest Lakes
shovs clesrly the need to take your samples from 8 defined length or weight,
or minimally from a vear class and to keep track of sex. Now, {n the Natiomal
Pesticide Monitoring Program there are 100 stacions that are ssmpled. Due to
the press of the matter, in all cases composite samples of five fish each are
used 90 a8 to reducs varisbiliry. It 1s not possible in that scope, at laest
vith the level of funding sssocisted vith it, to do length, weight and sge
correlatien gnd to eet good, valid dats, year to year. I think it is imperastive
that st lesst the same age ciass be used ahd that you keep the growth factors
at lesst well enough in hand. T o :
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As far ss sampling whole bodies, I think that is based entirely on what
vou want to do with the dsts. Regulatory sgencies concerned with humsn health
obviously are not too concerned with total body burden, but the predators that
ve Bight bs interested in assessing effects on don't really discriminate too
puch between edible portion for humsn consumption. So, I think that there is
s dichotomy that will continue to exist, and it 13 only when funding or effort
permits psrallel studies betveen residues {n fillets and vhole bodies that we
sre able to bridge that gap.

1 think, minimally {n the bioclogicsl sampling, you should never do
specific studies on dynamics unless vou have six samples. That is just from
our laboratory experience. Three ssumples are not enough, snd ! think from o
good, statistical design you vould probebly like to have consideradbly more. I
believe the literature addresses that with regard to what lavel of residues.
vou vish to discriminate sgainst, and probebly to get fsctors of 30 percent
di{fferences in residues you need 10 samples of comparable sge, length and
veight,

DR. MELANCON: I would like to sention & study done by Dr. Richard Petarson
at the Universiey of Wisconsin, Madison in vhich he compared the rates of
elimtnation of 2,5,2',5'-tetrachlorobiphenyl from rainbow trout snd from perch
(Guiney and Peterson 1980)., We have previously done some vork together on
raindbov trout, and he found the 1ipid contents of both species vers similar.

He used hatchery fish, not fish csught out in the lake. The T, ,, S of
elimination overall wvere similar, but the sctual tissues within the g‘&lou of
the fish wvhich contained certain percentages of lipié vers different in the
two species. So, {f you look just at fillets, the trout looked higher than
the perch, but 1if you looked at the whole body, the differences tended to
disappear,

One comment I would mske in regard to Mr, Runter's presentation is that
he looked at several trophic levels with crappies and vhite bass as carnivores,
but hed no dats on the small fish vhich they could have been esting. Did you
by any chance look st any of thoss?

MR. BUNTER: In s reservoir vhite bass arc'!ntrly prev specifiec on gizzard
shad. So, I think that in the size range ve were looking at, I think that
those two ars directly comparable.

You are correct ou tha white crappie. I did not look st the minnovs.
Funding just did not allov me to go into that.

DR. MELANCON: Even in the gizzard shed, the ones you sampled wvere so big
that those could not be the ones they were feeding on. 1 was vondering vhat
the small ovas would bave been 1ike? Would you expect similar levels?

MR, HUNTER: I think so, based on the study 1 sentioned where 80 percent
of the burden obtained from the water occurred in the first 12 hours in fathead
minnovs, 1 vould assume that most of the gizzard shad's butden vould come fros
this source and that it prodably vould not {ncrease further vith age, So, I
vould suspect that the very young fish wvould have similar levels to the older
fish.
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DR, MELANCON: 1In en experiment with PCBs where B0 percent of final level
vas resched fo 12 hours, 1 would wonder vhether it vas s static system and the
vater level of PCBs vas just becoming depleted.

MR, HUNTER: That is e good point.

DR. MELANCON: The other comment [ went to mske {s that {n someplace like
Lake Michigen vhere the carnivores are really the top of the food chain and
sasller fish like alewives eat smeller organisms vhich in turn have been down
in the sediments, the pollutent vhich was in ths sediment ultimately finds its
vey into the big carnjvores in the lake. Knoving the type of species in s
1ske and the intervelationships is probably something that should be taken
ipto account vhen one decides vhat species to ssmple and vhat your ultimate
bioaccumulation factor could-be- and- vhat—tt—couvld-be due to,

DR. BROWN: John Brown, Geners! Electric, agsin. I would 1ike to comment
rsther positively on Dr. Hunter's proposal to use the levels in fish as an
indicator of environmental contaminstion and vonder {f this should not be
pushed even a little bit further thsn hs did. A typical problem encountered
in sonitoring levels of xenobiotics in the genersal suvironment is the extrsor-
dinsry heterogeneity of the distridution of the agent in different components,
particularly in different sediments that may have different distribution
coefficients.

It seams to we it {s possible for biota that are circulating in the environ-
ment to integrate the actusl levels over a fair rangs. TYou have indicated
relatively consistent dats for your biota. You have proposed using this as sn
indicetor standard. This is presumadly sn indicator of environmental contanins-
tion, but we sre only concerned with environmentsl contaminstion in these
ceses because of its effect on the biota. Perhaps, do you think thst this
should be 8 primary standard, rether than a secondsry one?

MR. HUNTEP: I think that there s going to have tn be 8 lot of work dons
to bridge the gsp betveen input to the systea and levels in ths wore PCB-pensi-
tive epecies. It csn be done. Also, it can be doos for toxic substances
other thsr PCBs., I have scen these relstionships in arsenic burdens in fish.
They sre very different. What vYou sae is very different. It {s not {n the
bottem feeders, but yes, I do, indeed, think that this does have some
possibilities.

DR. MELANCON: 1In @ way fish have already been used as monitors. In
fsct, ve know hov birds that aste fish snd so on vers ons of the first
indicators for some of these pollutsnts., We had s case in Wisconsin just s
couple of years ago vhere routine DNR fish sampling procedurss led to finding
some highly PCh-contamineted carp in the Sheboygsn River (Kleinart 1978). It
vas found that on the bsnk of the river vas residue left froe s prioting firs
that hsd moved out vesrs previously, snd every yesr vhen the water went up in
the spring it leached PCBs out of there, deposited them in the lover part of
£he river, and eny fish thar Lappened to be there at that time scquired large
body burdens of PCBs., 50, in other vords in that cese fish served as monitors
to find s source of the PCB pollutants.
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MR, HUNTER: 1 thick the case at Fort Gibson Lake 1s another good exawmple
of thts. The PCB contamination vashed in from lendflows and contswinsted o
creak channel, snd st sost the creek channel held sbout 45 hectares of sediment
surfece area. That is about 1/2 of | percent of the surfsce ares of that
leke, snd ve never did detect sny PCB at the 0.! micrograms per liter detection
limit 4o the water, So, ve could not find 1t in the wvster at our detection
l1im{t, and going around looking for that 1/2 of 1 percent of the surface ares
of sediments is kind of like & needle {n & haystack snd even vithin the contani-
nated creek channel the concentrations ranged from 0.23 to 7.2 parts per million
oo 8 dvy veight for the sediment, and 1t wvas s{gnificantly correlated with
aress of deposition, in other words, the areas at the upstresm edge of mudbars
snd st the delts held more PCB contamination than, say, the stress bottom or
the stresm edge.

So, sgain, there {s so much varigbility inherent in sediment sampliog
that ve alwost have to use the biots as an integrator.

STMMARY: Tt appears that there sre advantages in using fish as biologicel
monitors for pollutants such as PCBs. This could be done by using fish to
sccusulate materisls that are vaterborne or present in the aquatic sediments
vith subsequent snalysis of fish tissues for selectead chemicals or possibly by
examining hepatic monooxygenase activity, The choice of species should reflect
the monitoring gosls such as the types of pollutants to be monitored. Addi-
tionsl studies would be needed to facilitate selection of sppropriate fish
species for each monitoring gosl and additionally might help to provide informs~
tion on route, duration or magnitude of exposure tather than just indiceting
that exposure to a chemical of intetrest (pollutant) hes occurred,
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CHAPTER 8
RISK ASSESSMENT

This paper begins by carefully defining the terms toxicant, exposurs, and
hazard, snd relsting then sathesstically to the term risk assessment. A shore
overviev of PCBas ss toxicents, (i.,e., compounds vhich cauae acute and chronie
toxicity, wutsgenicity, fetotoxicity, carcinogenicity, and teratogenicity)
follows. The second part of the psper deals vith snalyses of the scute and
chronic humen epidemiology dats currently svailable, snd the procedures
typically used for sssessing risk. The risks sssocisted vith PCBs and sn
estimetion of the health riske assoctisted with the currant environmentsl
levels sre diacussed.

ASSESSMENT OF THE HUMAN RISKS TO PCBs ASSOCIATED WITH THE EXPECTED
ENVIRONMENTAL EXPOSURES

Robert C. James, Ph.D,

Ecology snd Environment, Inc.
Buffslo, NY 14225

Raymond D. Barbison, Ph.D.
Departwent of Interdisciplinary Toxicology

University of Arksnsss for Medicsl Sciences
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During the past decades, s combination of "open” systems and sloppy or
11legs] disposal practices have resuited in the relesse of large quantities of
chemicals into the environment. In the late 1960s, when ft becsme asppsrent
that persistent chlorinated hydrocarbon polychlorinated biphenyls (PCBs) vere
vbiquitous environmental contazinants vhich took vesrs to biodegrade,
attention was focused on their poterntial to bicaccumulate to vhat vas believed
to be toxic levels in snimals and humans. As a result, questions srose
regarding the chronic side effects zaused by long-term exposure to these
chemicals. Reflecting public concern for chemical contsmination in general,
Congress enscted the Toxic Substarnces Control Act in 1976, which mandated a
phaseout of PCB msnufacturing and usa. At thst time, PCBs were considered s
highly toxic snd dangerous chemical because of their environmental persistence
and their potential for causing permenent adverse health effects, such as
cancer.

In recant vears, hovever, s substantial {ncrease in scientific dats has
resulted {n s better understanding of both the acctusl affects of humsn exposure
to PCBs end the chemically-induced processes leading to cancer. While it vas
sppropriste s fev yesrs ago to sct on the premise that all potentilally carecino-
genic chemicsls vepresented similar hazards, recent sxperience hss shovn thst
there are important theoretical and practical differencas In the sctusl hazerd
each "carcinogen" represents to public health. Similarly, there has been a
substentisl increase in the smount of deta reflecting the toxicity of PCBs in
animals and husans., Considering the national concern exprassed for environ-
mental contaminants, snd in particular for PCBs, it seems both appropriate and
necesssry to reevaluste the hazard and risks posed by PCBs nov that ve have
sore Informscicn, and to continue this re-evsiustion sach time significant
changes {n our information occurs.

It 1s the purpcse of this paper to provide & framevork for identifving
the {mportant texicologicsl considerstions used in interpreting the risks
{nferred bv toxicicy daes, 38 vell ss to provide s discussion on the PCB dets
vitnin this Ssamewerk so as to arrive at sn assessuent of the risk to human
health.

DEFINITICNS AND 3ASIC PRINCIPLES OF ASSESSING RISKS

A zoxicant is & chemicel egent that can produce an sdverse effect in s
tiological system. Such an adverse effect asy be sn alteration of normal
fynction or des:ruction of life. This definition i» brosd since all chemicale
sre toxic st some Jose, i.e., 81l chemicale are capable of altering some
function or producing death in some biological organism. While this statement
say seam obvicus, it serves to emphasize the basis of risk sssessment vhich is
s deterniration of those circunscences and conditions under vhich an adverse
effect can be produced. As Imil Mrak stated vears ago,. "there are no harmless
substences; there are only haruless vays of using substances:” A chemical is
toxic snd produces harm only vithin prescribed conditions of usage.

Risk 1s defined ae the probability that s substance will producs harm
under specified conditions (Doull et el, 1980); thac 4is, 1t 1is 8 practical
.constderstion to determine wharher or not scme hars will be elicited fros a
specific chemice. exposure, Safety is the ‘reciprocal of risk, or ths
probabil{ty that a substavce vill not produce hare under the specified
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conditions, Thus, vhen deternining the risk or safety of e chemical, the
criticsl factor is not necessarily the {ntrins{c toxicity of the chemfcal per
se, dut the likelihood that the level of exposure to the chemical 1s
sufficient to express its intrimsic toxicity,

In general terws, then, the risk is spproximated by the equation:
ReTxtE

vhere R {9 ri{sk, T {s toxicity, and Z is exposure., More sccurately, the
squation for risk 1s aqual to the toxicity se a function (f) of the exposura,
or: ,

R & TE(E)

This better defines the extrapolation, since under certain conditions the risk
{s not alvays linestr over the entire dose-response curve; snd since, depending
on hov one defines function (f), threshold or nonthreshold dose-response

curves may bs firted to this equation. Hovever, regsrdless of how one chooses
to express the risks to chemical exposure, it is clasr that: (a) the sctual
risk is dependent upon both the toxicity (i.e., hazard) and the exposure

({.e., smount of chemical) and (b) to change either alterz the risk., Therefore,
to make & risk assessment, one must compare the exposure probability vith the
various dose~tresponse curves for each toxicity to detarmine vhether or not &
harmful response is likely to be induced.

In evalusting the risk sssocisted vith exposure to PCBs, we will sttempt
to ansver tvo questions., First, is the level of exposure of a sufficient
magnitude such thst 8 hazard exists? Second, if so, what {s the bhazard or
undesirable response expected for that level of exposure, To snswer both
questions it is necessary to first evaluste the hszards sssocisted with PCBs;
1.e., vhat are the toxic responses and st what levels of exposure will they
occur?

Many aspects must be considered and wveighed before the hazavrds to humans
associated wvith PCB exposure csn be svaluated. An evalustion of the human
hazard and subsequent Tisk estimscion for any chemical zust address the data
base urilizing & thorough comparative toxicologic assesswent. This mesns that
the animsl and humsn data aveiladble must be carefully considered in terms of:
{a) the dreadth snd variety of the toxic respouses manifasted; (b) the degree
of species variation or specias consistency in the effects monitored; (c) the
possible snd/or proposed mechanisms of toxteity; (d) the validity of the tests
performed and thelr relevance for extrapolations to man; (e) the dosage used
in animal tests versus the axpected level of human exposures; and, finally, to
the extent that the dates are sveilable, (f) the outcomes of serious poisonings
and long-term occupstional exposures as s guide to the expected human conse-
quences and as s test of the extrspolations masde from animal data. Only vhen
a consietent psttern of toxicity in animals coincides with human experiences
can accurate and sa¥e guidelines be promulgated.

The following sections of this chapter will discuss the hazard associsted
vith PCB exposure &8 interpreted from the animal and hunmsn dats; the choice
and use of risk sssessment models to define the risk to PCBs from various
environmental exposures; the accuracy vith vhich the health risks for s PCB
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exposure can be estimated at the present time; and the conclusions reached by
this study,

EVALUATING THE ACUTE HAZARD ASSOCIATED WITH PCB EXPOSURE FROM ANIMAL DATA

Several revievs of the msmmalian toxicity of PCBs have been published
vithin the lest decade (Fishbein 1974, KRimbrough 1974, Peakall 1975, NIOSH
1977, TARC 1978, EPA 1980), Since much of this information has slready been
given in the previous chapters, s cursory suumary rether than an axhsustive
reviev 13 provided here. This summary presents the types of hazards to be
expected and documents the extrapolations one might make to the high exposure
buman situation based oa the animal dats. It wust first be stated that PCBe
have & lov order of acute toxicity as measured by the median lethal doses (to
50% of the population) (LD,..8) for rodent species. As shown in Table 1, the
median lethsl doses for vc;?oul commercial PCB mixtures lie between 1.) god
19.2 g/kg of body weight. Median lethal doses ss high as these classify PCB
mixtures, especially the higher chlorinated mixtures, as only slightly texic
chenicsls (Doull et al, 1980).

PCBe produce & variety of physiologic changes in snimsle. For example,
in the liver, PCBs incresse the smount of endoplasmic reticulum, resulting in
enlarged hepatocytes and thereby incressing liver size and weight. Higher
doses can cause liver damage end necrosia, PCBe spplied directly to the skin
of rabbits have produced hyperkerstosis, evethyss, blisters, and desquansetion.
In primates, orsl doses of PCBs hsve led to facial edema, hair loss, and
scne-like pustules, as vell ss prnlonged menstrusl cycles and increased
bleeding in femsle anivals. Add{tional symptoms reported in various species
{acinde gastric hyperplasis, decreases in red and vhite bdlood cells, atrophy
of the thypus and spleen, and increases in serus levels of phospholipids,
triglycerides, and choiesterol,

dewever, as with lethality, the doses required to csuse these acute
efiects are zenera..y high. The doses required o csuce subchronic effects
can zlso de zonzidered high vhen the slov rate of setsbolism, snd therefore a
sendency teo dicscecurulste, is teken Into consideration. While s number of
effects have deen reported for PCBs, those of the liver (i.e., enlargement end
necrosis) sre prcbebly the most consistently reportad, as are those of the
skin fi.e., chlcracne or dermatitis). These physiologic trespouses observed in
the liver and siir are fairiy predictable effects of many chlorinsted compounds,

In assessing the scuts and subchronic ctasts of animals, PCBs do not
sppear tc be rensrkebly toxic chemicals. The dermal irrication caused by PCBs
is not 3n unusual physiologic response for sn organic, solvent-like chemical.
The chloracne observed {n animals and humans s also e frequently observed
effact of other chlorinated chemicals snd is reversible in cases vhere PCPs
are tha only suspect sgent. The cbserved liver effects (i.s., increesed liver
veight, proliferation of endoplasmic reticulum, deposition of fat, cell daath,
and cissue necrosis) are common responses to persistant, chlorinaced hvdrocare
bons, vhich in general dre enzvme inducing sgents et lower doses and hepato-
toxins at higher doses. Many other chemicals share one or both of thess
characteristics. While enzvme induction may increase the toxicity of some
chewnicals snd lowver the doss producing toxicity, this is not a general phenca-
enon. In meny instances, an increase in metabolisa decresses the toxicity
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Table ). Madian Lethal Doses for Various Commercfal PCB Mixtures

Cosmercisl wSO
Species Brand of PCBs (wg/kg body weight)

Mouse (oral) Aroclor 1254 2,000
Ksnechlor >1,878

Rat (oral) Aroclor 1221 4,000
Aroelor 1232 4,300
Aroelor 1242 8,700
Aroeclor 1248 11,000
Aroclor 1254 4,000~10,000
Aroclor 1260 10,000
Aroclor 1262 11,300
Aroclor 1268 10,900
Arcolor 4468 16,000
Arcolor 5460 19,200

Rabbite (skin) Areclor 1221 3,200
Aroclor 1232 2,000
Aroclor 1242 . 1,300
Aroclor 1248 1,300
Aroclor 1260 1,300-2,000
Aroclor 1262 1,300-2,000
Aroclor 1268 2,500
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of other chemicals. Sieflarly, {nducing sgents often {ncresse other routes of
biotrsnsformaction that detoxify toxic chemicsls. Iu fect, anzywe induction (s
sonetizes used therspautically, Therefore, induction dy itself cannot be
con;ldctcd a toxic response, nor can 1cs consequences be sccurately predicred
i{in humsne.

1o monkeys, PCBs csuse & conversion of the gastric epithelium that can be
described as s dvsplastic grovth pattern, This does not constitute s
neoplastic transformation (Drill et al. 1982). While PCBe have been reported
ss inhibiting the ismsune system {n mammals, this usually occurs at high doaes
at vhich genersl toxicity slso leads to s reduced food intake and thus a
reduced nutritionsl status. In some test species, PCBs provide changes fno
reproductive performance, but again usually st high or toxic doses. For
exseple, in monkeys sad minks, this probles occurs in the fensle suimsls at
doses clearly producing general toxicity and eigns and symptome of {ntoxics~
tion. Reproductive dysfuaction during chasicsl {ntoxication {s not s partic-
ularly unusual /inding.

Therefore, it {s concluded that the acute toxicity of PC3s {n snimsls {s
not particularly remsrksble, nor does the chemical represent an unususl
hazard,

CHRONIC EFTECTS OF PCle
Mutagenicity

A genotoxic chesicsl is any co@pound capsble of induciog s permsnent,
tnheritable change {n the genectic composition of a cell. Genotoxic effecte
are divided {nco three tvpes, depending ou the ecellular level of the genetic
lesfion. Nutagenesis refers to mutations or structursl changes at the DNA
level, called microlesions (Doull st al. 1980), For the sake of discussion,
sll tasts are referved to in this paper as mutagenicity tests. The other two
types of genctoxic effects are: clsstogenesis, vhich refers to structural
chsnges at the chromosomsl level, eud ameuploidization, vhich refars to a
change in chromosomal number. Both clascogenesis sad sneuploidizstion cam
alter the azount or expression of genstic mstsrial; both types of changes are
often referred to s macrolesions (Doull st al. 1980).

The "Ames test,” vhich uses mutant strains of the becteria Sslmonelle
tvphimurivm thst have lost the ability to synthesize their own histidine, is
probably the wost popular and best kuown test for sutagesic scedviey. S$ince
this asino acid {s important to protein synthasis, snd therefore grovth, these
cells can grov only 4f histidine is added to the culture medium. A chenical
sutagen cen be tdontllicd by & mutation in the locus of the histid{ne defect
vnich revercs the bsctsris to the normsl state, thus slloving easily identi-
fisble bactertal colonies to grov inm & histidine-deficient madius,

Wyndhas and co-vorkers (1976), using the Ames assay, tested the seversl
chlorizated biphenyl mixtures and reported that they vere veekly wmutsgeanic.
A reviev of their dats tndicsted that é-chlorobiphanyl had significent
setivity. Yet, Aroclor 1221, which has & echlorine covtent of 1,15 chlorine
stows per moleculs and 's there.oxe largely s sonochlorobiphenyl mixture,
shoved o greatly reduced activity. This vould seem to indicate that either
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the "heavier” PCB molecules vere inhibiting sutegenicity or that the sctivity
is greatest for the é~chloro-isomer of the monochlorobiphenyl compounds. The
test results for the polychlorinated biphenyl compounds 2,2',5,5'~tetrachloro-
biphenyl and Aroclor 1268 seem to indicate no substantial mutagenic activity.
Subsequent asttempte to reproduce the Wyndhaa et ol. rasults have failed
(McMghon et ol. 1979, Safe 1980, Heddle and Bruce 1977, Schoeny et al. 1979,
Levinskas 198]) (see Table 2)., The majority of essays reported discount any
suggestion that PC3s are mutagenic in tha Ames sssay including subsequent work
by sn author of the original observation.

Seversl studies have demonstrated that PCBs lack the sbility to damsge or
slter chromosomes. Creen et al. (1975) looked for eignificant chromosocwal
demage In the bone marrov and spera cells of rate administered the folloving
dosege regimens: s single dose of Aroclor 1242 gt 1250, 2500, and 5000 mg/kg;
or 500 mg/kg per day for five days. Even though some of the animels demon-
strated definite signs of intoxication, there vas no evidence of chromosomsl
abnorsalities. These findings are consistent with the reeults reported by
Dikshith et al. (1975) or Garthoff et al. (1981) in rats snd the study reported
by Hoopingarner et al. (1972) using cultured human lymphocytes. Heddle and
Bruce (1977) reported that Aroclor 1254 was negstive in ths sicronuclaus test,
vhich seasures clastogenic activity (chromosomsl breakage) by messuring
chromatin bodies in red blood cells. Green at sl. (1975), using the dominant
lethsl test, vhich messurss sutagenic events in germ cells by the embryo-
toxicity 4t induces, reported that Aroclor 1242 snd Aroclor 1254 gave negativa
results in rats. Raplinger et al. (1971) and Calandra (1973) sleo reported s
sizilar lack of mutagenic activity {n mica using ths dominant lethsl test.

Levinskas (1981) hae racently revieved the mutagenicity dats for PCs.
Besides the sbove-mentioned tests, Levinskas discusses many additional, though
in several cases less often used, procedures, In his reviev he refers to s
study by Odashima {n vhich Kanechlor 300 aud SO0 vere negative in the standard
strains of Sslmonells typhimurium used in the Ames assay, as vell ae seversl
sdditional bacterisl strains. However, Kanechlor 300 wves reported positive in
one or more of four additional strains, while Kenechlor 500 wss listed as
negative.

On the basis of sedimentstion rates, Stadnicki et al. (1981) have reported
that the epoxide of tetrachlorobiphenyl csused single-stranded chromosomsl
bresks in the DNA of 1-929 cells st concantrations ranging from 1 ug/asl te 100
., ¥s/al. A mixture of two hydroxy metabolites, and to s lesser extent tetrachloro- .
biphenyl, caused some damsge at 20 ug/ml end significent damage at 100 ug/ml.
The significance of this test at thesa high in vitro concentrations {»s
questionable. T

Using Drosopholis melanogaster and Bombyx mori as the eukarvote test
species, neither ths French PCH mixturss, Ciophen 3O and Clophen 50, or the
Japsnese mixtures, Kanechblor 300 and 500, were sutagenic. Odashima (1980,
1981) studied chromosomsl sberrstions in Yoshids sarcoma cells at PCB con-
centretions cawveing-50% growth tuNibition: Kanechlor 300 gave s positive
response and Ranechlor 500 a negstive one. Odashima reported cytogenstic
snalvsis of bone marrow cells in mice axposed to PCBs st a nesr lethal dose.
This test produced the opposite result of the previous study. Odashims listed
exposure to Kanechlor $00 as positive and exposure to Kanechlor 300 as
negative (EPA 1980, Levinskas 1981),
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Teble 2, IuBu: Tobuletiun of Wicrobfal Nutsgenicity Tests

Weuter S, typhiisurium 2. coll

blraln
I'roduct €076 D052 GAE TAIS  TAI00 TAIO000 TAIS)IS  TA1SI6  TAISH)  TAISIS WP 2 WP2uvrA
Avoclor - - - - - - .- ~- -~ Neg. -- --
1268
Avoclor Neg. Neg. Neg. Neg. Neg. Neg. Neg. -~ Neg. Pos./ Neg.  Ney.
1234 Neg.
Kanechinr - -- - Neg. Neg. - - - - - Neg. --
300
2,2°,5-5"- -- -- =~ MNog. Meg. -- Neg. .- Neg. Neg. - -
tetrachloto-
bipheny)
Kenschlor .- - - Neg. Neg. - Rag. eg, Reg. Neg. Neg. --
00 '
Avoclor .- - - - .- - -- - - Pos. - -
nan
4-chioro- - - - - - - - - - Pos./ -~ -
biplianyl Neg.
Source: Levinskas 1981,




Norbsck et al. (1981) reported that Aroclor 1254 transformed C3H10T11/2
cells to Type 111 foci after six weeks of continuous exposure to 10 ug/mL of
Aroclor 1254, while a concentration of ! ug/mL was negative. Norback and
co-vorkers suggested that the sffects of PCBs in culture include promotion.
In contrast to this study, Pienta (1981) reported Aroclor 1254 ss negative {n
the Syrian hamater cell transformation test,

Peakall (1981) reported chromoscmal sberrations in doves fed s 10-ppe
diet of PCBs. The frequency changed from 0.8% {n controls to 1.8% in trested
birds. The sversge rate of chromosomal sberrstions smong treated eggs vas
higher than the highest control value i{n only 4 of 17 pretreated embryos, In
contrast, PCBs injected into white Leghorn eggs up to concentrstions of 20
ppm, Vhile toxic, were not clastogenic.

A thorough reviev of the mutagenicity tests revesls that PCBe gave
primarily negative responses. While some positive results vere reported,
these wvere largely in vitro tests and for the Ksnechlor brands, vhich gave
inconsistent and mixed results for the 300 and 500 brand mixtures. The
relevance of some of the in vitro tests that found positive acores only st
coocentrations of 10 ug/ml or greater (very high aund unlikely in vivo blood
concentrations) is questionable., This interpretation is ouﬁpor:oa by the fact
that {n many cases s similar experiment gave correspondingly opposite, 1.e.,
negative, results. According to Levinskas, "considering the large number of
tests conducted, it is not surprising that an occasional suspicious positive
finding resulted, simply on & statistical basis" (1981). A comparison of the
number of Ames’ tests unable to reproduce the results of Wyndham et al. (1976)
suppotts this cootention.

1t is the consensus of this review that PCBs do not represent ¢ signifi-
cant mutsgenic risk to humans; s contention borme out or reinforced by the
negative animsl carcinogenicity studies for PCBs.

Teratogenicity

A teratogen is an sgent that produces congenital defects. Although
teratogenic responses are generally identified by definite snatomicel defects
in the offspring, authorities slso regard functional or biochemical changes as
evidence of terstogenicicy,

An tmportant consideration in evalusting teratogenicity dats, sometimes
referred to sa "Rarmofsky's rule,” !s that "any compound sdministered at the
proper disage, st the proper stage of development, to embrycs of the proper
species, vill be affective in causing disturbances {a ambryonic development.”
What Rarnofeky's rule calls sttention to {s the fact that maternally texic
doses capable of killing the fetus or producing terstogenic effects in the
offepring are of much less concern zhan those chemicals causing the same
effects st doses far belov s maternally toxic level. If the pregnant female
49 mnade sick, then the delicste balance betveen mother and fetus is likevise
Mfected o1 Gisrupted and sn sdverse fatal effact oight ba. expected,

Depending on the stage of the fetus, this disruptive pressure czr be
sanifested in many vavs. For example, disease, malnutrition, and stress hsve
all been shown to produce changes {n the ouaber and quality of oifspring
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produced. Even reversible acute effects on the mother's central nervous
systen, though of short duration, may disrupt feeding enough to csuse undesir-
able responses {n the unborn. Therefore, fetotoxicity is of most concern only
vhen {t occurs at doses far belov those eliciting toxicity (n the mother.

The studies concerned vwith the teratogenicity of PCBs {n mice are
contradictory. Toerusk (1973) reported that PCBs are not teratogens in mice
at dosages up to 500 mg,/ kg, However, more recent studies have revesled
chemically-induced effects in the fetus or im nevborms st lover doses.
Watanabe end Sugshsrs (1981) injected mice with Kanechlor 500 at dosasges
spproximsting 36 t> 182 ag/kg/day on days 6 through 15 of gestation. At the
higher doses, the pregrnancy rste declined to one third of the contrel values,
the number of resorbed fetuses doubled, and the vate of fetal cleft palates
reached 5.8%. The suthors stated that since there vas no change in maternal
or fetal veight gain, the PCBs used had a specific terastogenic effect not due
to genersl maternal toxicity. Hovever, their owvu results do not support this

-contention. At the higher dossges, the maternsl mortality vas higher than the
rete of cleft palates among the newboru (12% versus 6Y), Also, the authors
noted skin lesions, slopecia, and enlarged livers in the dams, indicating
significent chemical intoxication,

Marks et al. (1981) reported terstogenic effects for the specific
¢hlorinated biphenyl compound 3,3',4,4',5,5'-haxachlorobiphenyl, At dosages
of 2 to 16 mg/kg/day given on days 6 through 1S of gestation there were
siguificant incresses in the percentage of resorptions and fetal malformations,
Liver damape occurred {n the dans and consisted of single-cell centrolobular
recrosis and microaboceases. The fatal livers had even s more pronounced
injury, {ocluding wassive necrosis ard the formatiom of a tubule~like pettern
of hepatocytes.

Tilson ot al. (1979) reported that 32 mg/kg/day of the 3,3°,4,4'-tatra~
chlorsbiphenyl, vhen 3iven on davs 10 through 16 of gestation, induced sigus
of neurctoxialty in the offspring. Some of the mevborn vere labeled "spinners"
becsuse of thair increased motor activicy snd episodes of head bobbing and
rotational sovements. The spinners had decressed forelimbd grip strength and
all crosced snimals had difficulty in crossiag virs rods, Subsequent studies
(Agzewal 1961) revealed that ~=his exposurs level of tetrachlorobiphesyl
significantly sltered the dopamine binding sites and the dopanine levels in
the corpus stristum of nevborn mice.

Contrary to Marks et al. (1981), Mattseon st al, (1981) reported that
doses of spproximately 50 mg/kg/day of 2,2',4,4',5,5 -hexachlorobiphenyl did
not {ncrease the resorption frequency, snd no fetsl effects vere noted other
then enjarged 1ivers. Likevise, Gellery end Wilson (1979) reported that no
reproductive effects vere seen in the offspring of mice exposed to Aroclors
1221, 1242, and 1260 at dosages of 30 ug/kg/day on days 1é through 20 of
gestation.

Rats have also been extensively studied using dosages up to 100 wg/kg per
dav. Although these studies indfcate that fetotoxicity increases vith dose,

no teratogeaicity has deen reported (Keplinger et al. 1971, Calandra 1976,
Linder st al. 1974, Villeneuva et al. 1971, Keplinger 1972).
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Malformations (terata) have been reported in dogs and pigs in an abstract
by Earl et al. (1974). Hovever, the dosages of PCBs used resulted in a
severely reduced food consumption in both the dogs and pigs and the authors
reported that there may have been an underlying genetic defect that contributed
to the teratogenic response in dogs (Drill et al. 1982).

Several studies have bdeen published using monkeys as test species (Allen
et al, 1974, Allen and Barsotti 1976, Barsotti et al. 1976, Allsn et al.
1980). For six femsles fed 25 ppm of PCBs for two months, concaption vas
inhibited (Allen et al. 1974)., Of the six, only one vas able te give birth;
all female animals vere clearly intoxicated and one died. A second study
(Allen and Barsotti 1974) tested 18 femsle animals fed diets of 2.5 or 5.0 ppm
of Aroclor 1248, Afcer seven months' exposure, the sight survivors from each
.dossge_lavel ware bred. All aninals on the lov-dose diet concetved. Thers
vere three resorptions end five births. Of those animals given the higher
dose diet, one resorption, three abortions, one difficult delivary and
subsequent death, and one normal birth occurred. All newborns vere small (n
size end shoved hyperpigmentation, but were othervise normal (Allen and
Barsottd 1976),

1o s number of species (e.g., mice, rabbits, rete, sud moukeys), PCBs
shoved no or contrsdictory teratogenic activity. The study conductad by Esrl
st al. (1974), otill unpublished, provides unconvincing data sfnce it is
possible that the malformstions observed {n the offspring were the result of
severs maternal mslnutrition (Drill et al. 1982), This conclusion was
substantiated by Hansen at al. (1975), vho failed to find teratogenic effects
in pigs when the mothers vere fed s diet of 20 ppm of Aroclor 1242 during
gestation snd nursing.

PCBs have produced contradictory results {n mice. Tests conducted by
Marks et al. {1981) and Tilson and co-vorkers (Ti{lsou et al. 1979, Agrasval
1981) indicate that the recorded effects are seen only vith symmetricslly
chlorinated biphenyl compounds and thst chlorioation in the three and four
positions 1s critical. This may explain vhy Toeruek (1973) and others
(Msttson et al. 1981, Cellert and Wilson 1979) sav no or lesser effects with
higher doses of mixtures containing sssll saounts of ths specific isomers or
vith other hexachlorobiphenyl isomers at higher doses. However, studies by
3ioccs et al. (1981), 1like the negstive dats, gresctly lessen the impact of the
teratogenic findings io mice, These suthors demonstrated that the 28-day LD
for 3,3',4,4',5,5 -hexachlorobiphenyl 1s about 19 mg/kg/dsy (ranging betveen
11 through 33 mg/kg/day). Moreover, extending the observation interval to 50
days, it was found that the dosage levels 10 times lower caused 100% wortality.
Disposition studies revesled that the toxicity of the isomers vas related to
tissue accumulation sud thst for the 28-day interval the adipose tissue levels
at the LD, dossge veres spproximately 2,000 ppe. These data reveal that the
tcrltogcnis effect seen by Marks et al, (1981) occur at doses greater than
those that sllov for chronic survival. This is consiatant vith ths findings

- of Watsnabe and Sugshara (1981) for vhich tha terstogenic effects of PCBs in
mica appear at doses of significant maternal toxicity and lathality. Ia
summary, then, the animal date do not indicate that PCBs tepresent a signifi-
cant teratogenic risk at doses not causing significant matermal toxicicy.
Furthermore, the dats suggests that preventing subchronic lethality or chronie
organ toxicity wvould prevent teratogenic effects. Thus, tha risk to huaans {is
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expected-to be minimal, considering the auch lover doees that humens are
generally exposed to {n the environment snd the spparent lasck of toxicity
expected at these doses.

Studies in animals sim{larly demonstrate that PC¥s represent a minimsl
reproductive and fetotoxic harard (for reviev see Drill st al. 1982). While
effects on reproduction or fetotoxicity have baen reported, the doses causing
such affects are generally high, Rats sre fairly vesistant, vhile sinks seenm
to be particularly seasitive. Aulerich and Ringer (1977) reported that ainks
fed 2 ppa Aroclor 1254 {n their diets had decressed reproductive success. Ths
effect at this level wvas specific for Aroclor 1254 and was not seen for
Aroclors 1016, 1221 or 1242. The reproductive impsirment vas not permsnent
but consistently occurred at maternally lethsl dosen. Orberg (1978) has
demonstrated an incressed metaboliss of progesterone, estradiol, and testos-
terone in animals precreated with PCBs. It way be proposed, then, that doses
that greatly increase ths metabolism of f{mportant hormones could siter the
noraal hormons homeostesis and result in reproductive problems,

The seties of studies by Allen and co-vorkers (Allen et al, 1974, Allen
and Barsortd 1976, Barsotti et al. 1976, Allso et sl. 1980) have demoustrated
that PCBs may disrupt manstrusl cycles and significantly alter reproductive
success in monkeys, Hovever, the doses used vere clearly saternslly toxic,
fetotoxic, and toxic to the offepring. Studies similar to those {n mice
{ndicate that the body burdens in moukeys at the time of desth are quite high
(Betley ot al 1980), Since (a) high, maternally toxic or lethal doses vere
generelly required, (b) thers are a number of negative studies, (c) the
general human environmentsl uxposurs {s very lov, and (d) no reproductive
problems in humsns have been associsted vith exposures to PCBs only, PCBs do
not appesr to rspresent a significant reproductive risk to humane st the lev
exposure levels generally occurring via the environment (Drill et al. 1982),

Carcinogenicity

The catcinogenicity of PCBs has recently been revieved by several suthors
(TARC 1978, EPA 1980, Levinskas 1981, James et al. 1981, Drill et al. 1982),
The folleoving paragraphs provide s summary of the dsts. Some of tha studies
teporting the tumorigenicity of PCBs are listed in Table 3, While many
{nvestipaticns have been conducted, only tvo studies have reporved a signifi-
cant increase in hepatocellular careivoms. Ito et sl. (1574) reported hepato-
cellular carcinoms in mica sfter 12 months' sxposurs to s dist of 500 ppw of
Kanechlor 500. Kimbrough and co-workers (1975) also reported hepatocellular
carcinoma in fsmele rats fed LOO ppm of Aroclor 1260 for 21 months.

Hovevsr, contrary to these findings, many similar etudiee have shownp no
abilfty of PCBs to produce cancer. Kimbrough and Linder (1974) found that 300
ppa of Aroclor 1254 failed to produce hepstocellular carcinomas in mice sfter
11 wonths. Stud{es using less chlorinated Kanechlors vere similarly unasble to
produce cancer (Levinskas 1981). Likevine, Calandrs (1976), Levinskas (1981),
and the National Cancer Institute (NCI) (1978) have reported tests ou both
Aroclor 1254, Aroclor 1260, sand HCB fn rats st doses up 100 to 200 ppm; none
vere found to e carcinogenic. Cslendrs (1976) has also reported a tvo-vear
study of dogs give~ Aoses of 1, 10, wnd 100 ppm that vas negative. Studies of
rhesUs monkevs vare also negative (Drill st sl. 1982, Allen and Norback 1973).
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Table 1, Tumorigenic Effects of PCBs
Avthors Yeor Species Cospound, Dossge Rifecte
Kinbrough et »l. 1972 Rats Avoclore 1248, 1260, and 1254:  Mypertrophy
100 ppm/52 wasks
Nagasakl et al, 192 Hice Kanechlors 300, 400, and 5001 Hepstonas induced by Kenechtlor
SO0 ppm 300 only
Atlen § Abrshemeoh 1973 Rats Avoclors 1248, 1254, and 12621  Hypertrophy; regressive
i 0.1X/6 weeks changes
1to et a), 1973 Mice Kencchlor 5001 SO0 ppa/ Noduler hyperplasia ond well differentt-
32 veeks sted hepatocellular cavcinomas in the
Iiver; PCBe incressed hepatic neoplasme
in sice end incressed the tumors
induced by BHC
Allen & Norbeck 1973 Rliesus monkeys Aroclor 12481 300 ppw/ Hyperplasis snd dysplauis of gastic mucoea
J montha with invasion of adjecent tispues
Kimute & Baha 1923 Rota Kenschlor 400 Neoplastic nodulas
Burae et al, 1974 Rats Avocloras 1242 and 10163 Liver call necrosie
100 ppr/10 monthe
1to et o). 1974 Rete Renechlovs 500, 400, end Noduler kyperplasie
1001 1000 ppm
Kiabrongh st ai. 1974 Nice Avoclor 12581 300 ppe/ llepatonas; sdenofibrosis
11 months .
Muktura ot al, 1974 Rats Ranechlor 5003 0.5% PCBs tnhidbitad the induction of tivex tumotrs by

saveral liver cavcinogane
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Teble ) - continued

Authnre Yesr Species Compound, Dosage Effects
Negsashk! at sl, 1974775 Mice Kenechlors 300, 400, and Nepatocallular cercinoms only for
300: 300 ppm/)2 weeks Kanechlor 300
Kisbrough ot sl. 1975 Rets Aroclor 12601 100 ppm/ Hepotocellular corctnomas 26/184; hyper-
21 wonths plastic nodules 146/184; adencfibroats
Kiwura ot al, 1926 Rate PChe Antf-promoters in sxperimental carcino-
geneeis
Weaserwen st sl. 978 Rate Avoclor 12541 200 ppm/ Hepatocellular adencess
: 28 sonths
Levinsksw 1981 Rats Aroclors 1248, 1254, and Modular hyperplastia; hepatoms

12601 100 ppm/24 months

Sources James ot ol. 1981,
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PCE} mixtures present s distinct problem when astteampting to estimate the
cancer hazard, end therefore the cancer risk, to humans basad on dats
developed in rodent studies. The crux of the problem is the relevance to
place on sn incresse in rodant liver tumors vhen attempting to extrspolate ths
hunan risk., This dilerma i{s actually twvofold.

First, there hes been controverey over the relevence and nomencleture of
rodent hepatic lesions. Some of this controversy relstes to the criteria used
to diagnose cancer. The NCI hae recommended a scheme for tha classification
of hepatocellulsr tumors and relsced lesions in rats (Squire and levitt 1975).
This recommendation has not been universally accepted, but is used in some of
the reports of PCB carcinogenesis,

The NCI clsssificstion scheme 1s extensive sud specific in defining
neoplastic lesions. It vas concluded by NCI that benign hepatic call tumors
(i.e., tumors vithout the potential for maligosnt behavior) eould mot be
disgnosed consistently, Therefore, a teram such as "sdenocns," vhich refers to
8 benign tumor, vas not recommended, It vas also determined that the term
"hepatona,”" used to denote s benign liver tumor, vas imprecise and thus wss
not recommended to describs sny of tha lesions under discussion,

Contrary to tredition, detection of vascular invasion or wetastases vae
not considered by NCI to be essentisl for the diagnosis of hepatocellular
carcinoma. Instsad, the use of inclusive cytological criteris describing
chenges that may or may not have the potantial to become the disease process
ve cell cancer, including many responses that vill never progress to cancer,
vas sccepted at the expense of the more definitive criteria of maliguent or
invasive neoplesus. Thus, it seems that the criteris for establishing liver
cancer may vary among pathologists.

Only PCBs with s chlorine content of 60% produced cellular morphological
changes in rat liver that vere classified as hepatocellular carcinoms using
NCI guidelines. Howvever, this same PCB mixture vas tasted in snother strain
of rat and did not significantly fmcrease the incidence of tumor formstion.
Sevaral other studies slso failed to shov any PCB-induced tumors, including a
study performed by NCI. Since there 1s only one report of PCB-induced
hepatocellular carcinoma in rats, ve must veigh this report against other
studies vhich vere negative.

As previously stated, the use of inclusive cytological criteria vill
define as cancer sose hepstocellular changes that vill never progress to
ecancer. Furthermore, the liver changes sssociated with PCE exposure vere
reported to regress after the animsl has been removed from the chemical
exposure (Burse st al, 1974). thile some investigators have used the inclu-
sive cytological criteria for clessifying hepatocellular lseions, other
{nvestigators feel this classification scheme lacks sufficient diagnostic
discrim{nation. Thus, the single report of PCB-induced cancer in rats may use
a pathological description that differs from the terminology used for descrid-
ing the benign tumors sean {n theother studies. .

The second problem stems frow the need to determine the mechsnism by
vhich s chemical induces cancer. Chemically-induced carcinogenesis is a
specisl sspect of toxicology, since cheaical carcinogens say or may not obey
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t;udlttonal toxicologic principles. For exsmple, slthough carcinogens show
dose-response relstionships, may undergo bdiotraosformation to sctive or
insctive metabolites, and demonstrate specific structure activity relstion-
ships as other toxicents do, they may slso be uunlike other toxicauts: they
may not demonstrate thresholds aud there may exist a long and indefinfte
latency period bdetween the criticsl biochemical effect and any cellular or
physiclogic expreasion (Doull st al. 1980), C

In recent yesrs, the scientific commuuity has concluded that even smong
chemical carcinogens there are vast differences in the mechanisms by vhich
csucer is induced. Chemical carcinogens can be separated into two groups:
one vhich obeys traditional toxicologic principles and one which does not.
Weisburger snd Will{ems, (n Cassrett and Doulls' Toxicology: The Basic
Science of Poisons (1980). separate carcinogens as either genotoxic (inf{tiator)
or spigenetic (promoter), the distinction being that genotoxic carcinogens
induce cancer by {nitiating a permanent change {n DNA. Epigenetic chemicals
comprise those chemicals which alter the manifestsction of csncer by other than
genetic means gnd include hormones, immunosuppressants, cocsrcivogens, and
prosoters,

This distinction betveen types of carcinogens is extremely importent
(Doull st sl.; 1980, Squire 1981, Veisburger and Williams 1981), since
initisting (genotoxic) carcinogens may cause irreversidle damsge snd may not
have threshclds. The concept vas generally proposed for all carcinogens early
in the last dscede and vas the basis for developing certsin nonthreshold risk
assessment models for vhich some risk is present at any level of exposure. On
the other hand, chemical carcinogens that promote cells already predisposed to
cancer do have demonstrable threshold levels. Therefore, the risk associsted
vith promoters differs from initiastors at lov doses in that the risk exists
only for the durstion that the level of the promoter exceeds the threshold.

Rodents used in cancer tests csn have 8 high spontaneous incidence for
liver tumors. Therefore, 1if a statistically significant increase is seen
after chemical exposure, it is important to determine whather or not this
shenocmenon represents true initistion or merely promotion of the background
incidence. Such {8 the problem for PCBs. To mske the distinction betveen
{nitiators and promoters, the sutagenicity dats and other characteristics of
the ckenical or the carcinogenic response become critically determinant
factors,

Initietors are defined as those sgents producing damage to DNA vhich
permit cell survival but predispose the cell for uncontrolled growth. There-
fore, initiators wust possess siguificant mutagenic activity. There are
seversl other characteristics separating initiating carcinogens and promoting
sgents; some of these are listed in Table 4. The charscteristics of PCBe are
slso l4sted 4n Teble 4. It can bs seen that the charscteristics of PCBs
resemble those of a promoting agent and sot those of sn imitiator (James st
al, 1981)., Iu his reviev of the mutagenic sud carcimogenic potential of PCls,
Levinskas (1981) likevise cites seversl suthors snd experiments supporting tha
contention that PCBs have proeoting sctivity, including the NCI bioassay
(1978).
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Table 4. Characteristic Effects of Chemical Cercinogens upon Tissus

Effact Initistors Promotors PCPs
Chemical produces incrasses of spontaneous + - -
tymors at multiple sitas.
Chemical increases malignency. + - -
Chamical produces s tumor capable of trans- . s -
plantation,
Chenricel produces s tumor vhich does not . 3 -
regress once chemicel is removed,
Chemicel must be mutagenic, + - -
Chemicsl is affective at nontoxic doses, .. . - -
Chemical msy cause the affect after a H - -
single dose.
Chemical should incresse the effect of * : 4

other carcinogens acting on the target
organ.

Progression of neoplastic differentiation
does not requirs the coutimued presence
of the chemical.

® generally
s gonetimas
» geldom or never

LT
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In summary, vhen sssessing ths carcinogenic hazsrd of PCBs, one must
decide what veight to give each portion of the data. While one cannot ignores
the fact that positive carcinogenic sctivity has been reported in rodents, one
pust take into coosidersatfon the veskness of this response since {t vas not
reproduced {n several other studfes. Furthermore, there {s a grest deal of
evidence to suggest that if PCBs fnduce changes, it is by vay of a promotion
mechsnism. Thus, on the basis of the animal dats end considering the
{nconsistency of the response, PCBe, ss vesk promoting ageots, st lov doses
would likely represent s relstively small, {f any, cancer hazard in man.

Recognizing the problems assoc{ated vith accurately interpreting tha
relevance of and risk inferred by snimal carcinogenesis biocassays, Robert
Squire, former scting dirvector of the Carcinogenesis Testing Program snd head
of NC1's Tumor Psthology Section, has proposed a ranking schemse for the snimal
evidence (Squire 1981). Squire proposes that the basis for determining the
scrength of a positive test resides in vhether the "suspect carcinogen™ is
positive in s nusber of species, gives rise to histogenetically different
types of neoplasms in cne or more species, induces malignant rsther than
benign tumors, snd is consistently positive in an appropriste hattery of tests
pessuring gesotoxicity. The dose required to induce tumors as vell as the
spontaneous incidence of neoplasms in ths control snimals are slso criterts.

By tanking the test data for esch criteris sccording to s point system
developed by Squire, one gets an overall ecore to assess the strength of the
evidence. Squire's approsch is sppealing because it recognizes seversl
festures of an snimsl bioassay that should be considered vhen sttempting to
estimate the likelihood that the human response is similar, Since there are
several cancer tests in animsls for PCBs, the sggregate score that PCBs vould
receive depends on the weight assigned to the positive and negative data.
Kowever, the totel score for PCBs, regardless of the scoring, would probably
te sbout 31 or less. Squire clessifies & chenfcal receiving a score of less
than 41 se 3 eclass V carcinogen, a class for vhich he suggests that the
regulatory options are zany and far less restrictive than for chemicals
scoring higher in the ranking scheme. Thus, according to this scheme, even
the "positive" evidence for PCBs does not rank thea as s human cancer hazard
that ¢s as significent os ths hazard posed by many other chemicels, some of
wtich sre still commonly used.

EPIDEMIOLOGY

Acute and Chronic Husan Dats

Iz recent studies of occupational exposure, PCEs have not been proven to
be s remarkably toxic chemical to persons in the work place, vho have probably
received the most significant exposure to PCBs. Ouv and eo-vorkers (1976)
studied 34 workers from s single cspacitor plant using Aroclor 1242. Of this
group, 3 were exposed for more than one year and 16 for five years or more.
Although industriel hygiene at the plant had been generaslly poor prior to
their study (e.g., adr concentrations vere 150% to 222X of the allovable
vorkroom sir standsrd of 1.0 mg/m”), the clinical tests did not identify any
significent healsh problems. One case of chloracne vas reported as vell as
tive Cases Of a: eciewatous rash. Even though the average PCB blood levels of
the group vers over 400 ppd comparsd to none detscted im the control study

i

MONS 026358




group, the clinicsl tests messuring liver function revealed that bilirubin,
alkaline phosphatase, serum protein, albumin, SCPT, and {mmunoglobulins for
the group of factory workers vere within the normal limits for esch tesr. In
sddition, bromosulphalein clesrance did not correlste well vich efther PCH
blood levels or length of employment.

A more recent study of s far larger group of employees from e capacitor
plant reported s similar lack of untowvard findings (Fischdein et al, 1979),
Based on this study of 326 employses, it wvas possible to separste the
employment records into the following categories for years of exposure: 10X
had been exposed for 5 years or less; 20,92 $ to 10 years; 17.5% 10 to 15
vears; 11.4X 15 to 20 years; 29.1%2 20 to 25 years; and 11X had been expoeed
for sore than 25 yesrs. A summary of the askin complaints revealed that 10,73
of the employees reported rashes and 24.82 reported a burning sensation of the
skin. Physical examination further revealed somve redness, swelling, dryvess,
or thickening of the skin in spproximstely S0 of the individusls, wvhile 2%
experienced sbnormal secreations from the eyes.

The clinfcal chemistry of the study was generally uncremarkable, snd the
resesrchers commented on the "paucity of abnormsl resulcs.” Of 321 persons
examined, the percentage of ssmples outside of the normal range vere: BUN
5.3%; crestinine 1.7%; $GOT 2,2%; SGPT 7.2%; LDE 2.5%; alkslioe phosphatase
1.2%; SGGT 1.9%; bilirubin 0.0%; cholesterol 17,.8%; triglycerides 10.5%; and
total 1{pids 3.4X. These dats can be considered indicstive of the type of
random test results to be expected vhen 321 persons are tested without sipul-
tsneously running s control group to compare sgeinst the standerdized "normal”
values used to indicate sn sbnormal finding. Likevise, the neurologic exami-
nations fsiled to produce sny prevalence of abnormal findings. There vas a
decresse in the forced vital cepacity of the lungs in 14X of these vorkers
compsred to ouly 5.6% in the normal population (Warshav et al. 1979). While
this {5 an unusual finding, this change vas not seen in one group, i.e., the
nonssoking vomen tested. The significance of this finding is unknown at this
tize and requires verificstion from other studies.

Maront et al. (1981a, 1981b) have reported s study of Italian emplovees
in a capscitor plant axposed to s foreign PCB mixture similsr to Aroclor 1242.
The mesn sge and employment of the 80 eaployeas ezsmined wvas 37 end, 12 vears,
respectively, PCB air concentrations ranged from .048 to .275 mg/m”, and sll
tested surfaces vere hesvily contaminated, indicsting thst smployee exposures
vere both dersal and inhalation. The rasults shoved that PCB blood concentra-
tions ranged from 88 to 1J19 ppb. Fourteen vorkers wers found to have skin
disorders consisting of dermatitis, folliculitis, or chlorscnme. Sixteen
enployees vére reported to have sbnormal liver effacts, consisting of heps-
tomegaly and sometimes an {ncrease in serum level of liver enzynes. The liver
findings did not correlste vell vith either the duration of employment or the
PC3 blood levels, and the pstternm for hepatic enzyme changes vas a randonm
finding inconsistent with hepstotoxic chemicals, It is evident from these
deta thst the clinicsl changes vars unremerkable., TFurthermore, countrol
subjects vere not included to determine the normal test variations smong
unexpesed persons of similsr ages. Serum bilirubin and alkaline phosphatase
levels vere within the norzsl range of vsristion for all subjects.
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Some of the conclusions resched in two recent revisvs of the various
studies of PC3 exposures to date (Gaffey 1981, Browvn et #l. 1981) are note-
vorthy, First, vhile higher exposures to PCls tend to wesn & higher bdody
burden, there was a general latk of correlation betwean sxposure duration and
body burden. Second, although 1ot all studies agree, there vas alsoc s
suggestion that the higher chlori{nated PCBs vere more likely to accumylate in
sdipose tissue, suggesting a slover metabolire trate. Third, the genersl
heslth of the occupationally exposed group vas considered good.

1o & number of studies rvevieved by Gaffey (1981) tvo of the studies
revieved fatled to report clinical findings (other than stating that the
vorkers vere in good health) vhile one measured PCP blood lavels of up to 1900
ppd 1n Finnish vorkers. Of 15 studies reporting clintical weasuremeats, !}
veported dervatologic effects, 9 reported liver function tasts, 6 reporced
lipid peasurements, and 5 reported on blood chesistry., Gaffey (1981) con-
cluded that vhile there (s ro clesr correlstion becvesn PCB blood levels end
chlorscne, the studies suggest thatr vhen PCB blood levels exceed 150 to 200
opo, chloracne cen occur. He also concluded that derwatitis, like chlorecne,
vae a frequently observed effect, and thst 1t may be assocfated wvith the
higher chlorinated PCP compounds.

0f the nine reported studies of liver fuoction, only five found soms mild
change {n liver function tests, No consistent patteru vas i{dentified, nor ves
sn associstion between these changes snd PCY blood levels fdentified. Mo
adverse health effect vas assoctated vith PCH axposure {n any of the studies.
Of the six stud{es that considered lipid metadolism, no consistent pattern
asnoctates vich PCR exposure; one study, by raporting a decreese in &ll patam-
eters, contradictad ¢ll of the studies reporting sn fucresse. Most ecudies
did associate increused triglycerides vith the PCH expoeurs, but the results
for cholesterol vere inconsistent, WNo clinical significsnce has bees atcteched
to thess findings., Of the five studies of dlood chemistry, none reported any
relationship Setveen the tests snd PCB blood levels. Of the tvo studies that
esasured blocd pressure, one found no sssociation, vhile one reported e
sssoziation betveen PCH levals and dfastolic dlood pressure (Geffey 1981).

tn susmary, 8 ceviev of the human dets from studies of persons occups~-
tionally axposed or vhose PCH levels vere incressed vis {ish consumption
reveals thet the cowbined results of all studies, vhile demonstrating PCBs
ceused dermal prodlems, fsgled to fdentify any significant clinfesl disease
1ssocistad vith electrical grade PChs. While sowe physiologic changes vers
noced, no clinical significeuce could be attached to sny of these, partic-
ulsrly the changes 1o liver function, vhich vere minimel snd generally not
cempared to an appropriate conerol group. It has slso beso noted thet FCBs
can induyce oxidstive metsbolism in peysons occupstionally axpesed to them
{Alvares ot al, 1977). Animsl studies suggest thst {nducing agents can
incrasse serum tretsaminsse levels, e.g., SCGCT (Whitfield at al. 1972, Martin
at al. 197%) snd triglycerides (Martin et al. 1975). Thus, the rendom,
minimal {ncresses {n serum transsminsse levels snd {ncressed triglycerides
found in pagsons occupstionally exposad to PCBs may represent the predictable
phenomena of modest snzvee induction. The Nationsl Institute of Occupatiomal
Safety and Wealth (NIOSH) study likevise indicates that chronic liver, nervous,
er circulavory diseases are acc sssociated vith long-term exposure to lavaels
¢f PCBs whicn vere wuch higher then those encountered {n the environment,
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Therefore, {f the environmentsl exposure to PCBe s {nsufficient to fnduce
chlorecne (the most frequently observed effect), acute, subchronic, or chronic
toxicity {s probably not to be expected in humans.

In 1968 ¢ mass outbreak of chloracne and other symptoms, later termed
"Yusho," wvas ceused by the ingestion of cooking ofl contaminated by PCBs and
other chlortnated compounds. Higuchi (1976) and Kurstsune (1976) reported
that spproximately half of the patients had sbnormsl 1ipid metabolism. Serum
triglycerides vere elavated, vhile cholesterocl vas not.

0f 43 affected children exsmined, 23 boys showed tranmsitory decresses in
height end veight gain vhen compared to unaffected children, wvhile 19 girls
did not differ from the control group, Also, some of the iafents born to
vooen affected by Yusho vere small-for-date. Other symptoms in-newborus
included derk-brown pigmentation, parchment-like skin, eruption of teeth, and
larger than usual fontenelles, indicating transplacental passage of PCBs to
the fetus during geststion.

Probsbly the most common symptoms and the ones lsrgely responsidle for
the identification of Yusho's disesse vere eye and skin problems., These
consisted of scne-1like eruptions, follicular accentustion, svelling of the
eyelids wicth discharge from the eyes, and {ncressed pigmentstion of the skin.
Unfortunately, even though the chloracne vas vot a permanent condition, {t ves
a disconforting disfigurement thet lasted for a period of months to years.

Urabe ot al, (1979) have reported om the cause of the desths of 31 of the
S1 persons vho died during the first decads after the Yusho incident. Eleven
desths resulted from various necplasms; a 35.41 cencer rate, vhich is higher
than the 21.1% rate generally reported for that ares of Japan. No conclusion
can be dravn from this st present, since the Yusho rate vas not age-adjusted
snd further enalysis of the Yusho disease must be done at s later date. Of
the reported cancers, the types of neoplasms veried. The numbers of cancer
for sach tissue vere: tvo stomach, one stomach and liver, two liver, three
lung, one breast, snd tvo malignant lvmphoma. o

While the above effects described in Yusho patients give some ides of the
possible consequences of overexposurs to PCBs, the exsct csuse of these
symprons 1s debatable. The type of PCB mixture contaminating tha rice oil,
Ranechlor 400, has bean discoverad to contain polychlorinated dibenzofurans
(PCDFs) st concentrations as high as 18 ppa (Higuehi 1976, Kuratsuns et al,
1972)., Messurenents of the rice oil used by Yusho patisnts revesled that it
contained PCBs ranging from 1 to 3000 ppm, 5 ppm of PCDFe, and approximstely
1000 ppm of polychlorinated quaterphenyls (PCQs) (Kuratsuns 1976, Nagaysma et
sl. 1976, Kuratsuna 1980). Therefors, it is not known vhich of the Yusho aide
effects can be sttriduted solely to PCBs (Vos et al. 1970) and, if cancer is
found tn the future to have besn significantly incressed in this group, the
source of cancer induction vill remain unknown, (Note: The PCDFs found ie
the Yusho PCBes sra sbout 1000 t{mes highar than those ususlly messured io
American sourees-of PCBa). Receutly, Kurstsune (1980) revieved the Yushe
episode snd suggested that cha levels of PCBs and contsninants were sctuslly
sbout half of the smount previously repcrted, He and others (Kashimote et al.
1981) have slso suggested that since & considerable number of victims did not
recover from their symptoms a‘ter their levels of PCBs had dropped nesr normal
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levels, the high levels of contaminants still present may be the more likely
casusal factors.

Reports of high cancer rates among Mobil 011 employees exposed to PChs
(Aroclor 1254) at Mobil's Paulsboro, Nev Jersey, refinery have been {nter-
preted as indicative of & possidble link between PCB exposure and skin (melas-
noma) or pancrestic cancer (3ahn et gl. 1976). The preliminary Mobil study
reported eight cancers vhich developed between 1957 snd 1975 smong 92 research
snd development and refinery vorkers exposed to varying levels of Aroclor 1254
for five or six years in the late 1940s and early 1950s. Of the eight cancers,
three vere malignant nelgnomss and tvo were cancers of the pancreas. Accord-
ing to NIOSH, "This is significently more skin cancer (melanoma) snd pancreatic
cancer than wvould be expected in a population of this elze, based on the Third
National Cancer Survey." Hovever, it is difficult to drav any conclusions
from this study becsuse of the swall numbers of {ndividuals exposed end the
variety of other chemicals to vhich they vere oxposed. In any case, the study
vas vithdravn for revision and has not yet been re-released (Caffey 1981),

Of the studies reporting the effects of PCBs on the chronic {llnesses or
the portalicty incfdence in humsus, only tvo provide large populations of
apparently single chemical exposure. Brown and Jones (1981) conducted &
retrospective cohort mortality study of 2,567 employees from two plants vhere
PCBe vere used to manufacture electrical capacitors. All workers ineluded 4o
the study vere employed for at least three sonths in aress of PCB exposure.
The vital status of 981 of the populstion was determined and 39,018 person
years vere actumulated. The types of PCBs used were Aroclor 1016, 1242, and
1254,

The osior causes of desth for the 16 persons who had died by the time of
the report are seperately listed in Table 5. The only stacistically signifi-
cant difference observed vas for cancer of the rectum, but only 1if the female
population of plant 72 (s considered zather than the total population,
Hovever, the plants studied are locsted in sn area vhere mortality from rectal
cancer is greater than che United States average (Gaffey 1981). As mentioned,
shis unusual increase stexmed from s high number of deaths in the female
ropulation of plaat 2: similar findings were not reflected in the female
population cf plant 1 nor in the male population of either plemt., While the
l1iver cancer incidence vas higher than expected, it was not significant,

There vas no relationship betveen duration 5f employment involving PCB exposure
sand the risk of mertalicy due to cancer or cirrhosis of the liver. There vas
no statiscically significant relatfonship for any csuse of death when the

totai exposed population wvas considered.

Sertarsi et al. (1961) studied 27 desaths in 1310 vorkers exposed to PCBs
for 20,565 person vesrs. Mortality vas studied for the 25-yaar period betveen
1954 and 1978 for employment betveen 1946 snd 1970, The study group had been
employed for st least six months snd the exposure vas largely to Aroclor 1254,
For all cancers, the observed mortality was 14 versus 5.6 expected. This
incresse, hovever, vss significant only for the sale populstion., Higher thas
expected incidences in cancer of the digestive organs and in cancer of the
1ymphatic cr hematopoietic systems vere also observed, slthough these were not
significant. Thare vere no reports of liver .cancer.
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Table 5. Msjor Causes of Death for Plant Workers Exposed

to PCBs:

Aroclor 1016, 1242, and 1254

Standerd
Cause of Desth Observed/Expected HO;:::it’
All Causes
All mslignant neoplasos 39/43.79 (89)
Diseases of nervous systes 11/12,8% (88)
Disesses of circulatory 60/62,93 (95)
systes
Acctdents 13/18.29 on
All other causes 40/44.79 (80)
All csuses 163/182.35 89)
Malignant Neoplasae
Cancer of stovach 1/1.66 (60)
Intestine 4/4.03 99
Rectun 4/1.19 (336)
Liver 3(1.07 (280)
Psncreas 1/1.90 (s3)
Respiratory 7/7.98 (88)
Breast 1/6.84 (102)
Lymphatic 2/6,3 (46)
Other 10/14.78 (68)
Source: Brown end Jones 1981,
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In assessing the epidemiologle evidence for carcinogeniecity, it must be
remenbered that in sny epidemiologic study it may be impossible to eliminate
all of the unrelated dut confounding variables in the observed populations.
Moreover, it {s not uncommon to see measurable incressss in one type of cancer
over vhat {s mathematically expected, since va cannot choose a subpopulation
that reflects exactly the baseline cancer rstes of the totsl population. In
fact, {t {s vell known that different aress of the Unfted States have d{ffersnt
bsckground tates for many of the specific types of cancer. All this must de
considered carefully, and mo conelusfons should be made concerning any finding
of excess cancer vhich 1s not stat{sticslly significant, but only adove
expected velues, unlass this sane excess for that specific type of cancer is
repeatedly deaonstroted in subsequent studles.

A positive correlation between cxpoluéc %o & chemical snd & resultant
sdverse health effect relies on the folloving couditiona (Doll 1980):

° A positive sesociation nust be seen {n {ndividuals wvith known
eXposuTes;

o The positive association cannot be explsined by bias in recording,
detection, or experimental deidigm;

o The positive association must be statistically significant;

° The positive sssociation should shov both dose and exposure period
dependency; and '

0 The positive associstion must be observed repestedly in subsequent
studies and cannot be s single, confounding, varisble cbservation.

To dste, the mortality studies concerned vith PCB exposures present
several problens of interpretation, the most obvious and important of which is
the different incresses in cancer type reported., Tsaken as s vhole, these
studies provide no support for assertions that PCBs sre & cencer-csusing
chemical, The variety of tumor sites found to be of most concern within each
study largely differs from the animal dats snd is {nconsistent witb the
selectivity of currently known promoting agents or imitisting carcinogens.

In summary, epidemiologic studies have demonstrated that commercisl PCBe
are not remsrkably toxic chemicals after acute exposure and that, vhen excess
exposure does occur, the usual consequences are dermatologic snd not of a
serious or permanent nature. Data from investigstions involving chronic
exposures yield similsr conclusions. The majority of studies has not identi-
fled a clinfcal disease associated vith PCB exposure, nor has it provided
persuasive evidence of health impairment. There s no persuasive evidence of
an excess in totsl mortality or {nm mortality due to cencer, cardiovsscular
disease, or nervous systam disesse associsted vith occupational exposurs to
PCds, TPCBa have not deen linked to sny human cancer. [Future investigations
of occupationally exposed populations vwill no doudt clarify this fssue as the
total mortality vithin the test group increases vith time acd ylelds o larger
sortalicy data base.
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PROCEDURES FOR ASSESSING RISK

In attempting to extrapolate the humap risk from chemical exposure using
animal toxicity as the basis for the risk extrapolation, there ars several
gvodels to choose from. The wodel chosen {s primarily determined by the type
of health hazsrd of most concern. However, spaaking in general terms, there
are only tvo types used. The first type consists of those methods used for
extrspolsting the human riak directly from the dose for vhich there vas no
observable animal toxicity., This method can be applied to most toxicities
(except csncer), since thresholds are assumed for these rasponses. The second
type of model is gsnerally used to sssess the risk aasociated vith carcino-
gens. Since msny scientists asgume no identifisble threshold for thia toxicity,
there is gome ri{sk attached to any exposure., This coucept dictstes that
sathematicsl models be used to extrapolate to exposures far dbelov those
dosages inducing observable responses in the test snimal population.

For poncancer toxicities (i.e., threshold toxicities), the wodels for
extrapolating risk are relstively simple and similar to the Suggested Ko
Adverse Response Level (SNARL) proposed by the National Research Council of
the National Academy of Science (1980), or the Lovest Observable Effect Limit
(LOEL) used by the United States Environmental Protaction Agency (EPA) (1980).
Basically, this type of cslculation {s computed by assuming that humans sre sa
sensitive ss the test species used, Therefore, the amount ingested by the
test animal thet gives no toxic response is the safe upper limit of exposure
for humsns, %1.e., the human thrashold dose.

The calculation essentially makes the conversion ov the basis of the sise
differential berveen humsns snd the test species, usually s body veight ccum-
parison rather than surface sres. It takes into considerstion those factors
that affect s truly comparative dose, e.§., sbsorption factors {f the humsn
exposure differs from the test condicions or if the animal dosage regimen
differs from the human exposure interval. The cslculation is similar to the
folloving:

Safe Buman Dose = TDo.o(mg/(kg) x 70(kg) x A.F. x E.R, x t1/2 = fog/day
z §.F,

TDo.0 = threshold, or no observable effect dose in the test
species;

ALK, = absorption fsctor, or ratio of animal sbsorption
divided by the humsn sbsorption (absorption animal/
sbsorption human);

£.R. e exposure ratio (dossge regimen snimsl/exposurs
regimen human);

tl/2 » ratioc of accunulation (helf-1if: {n enimal/
half-life in-humans); acd

s.F. » safety factor, which depends on the reilatility of the
data used for extrapolstion,
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Typicsally, the safety factor used varies from 10 to 1000, depending on the
extent of snimal data svailable and vhether or not there {# 2ny human dats to
substantiste the relisbility of the number. Of course, the number calculsted
should use chronic data vhere chronfc exposures are expected. This type of
model calculates one value. Exposure et or below this value {s considered
safe.

The second type of calculation slso has seversl methode or models from
vhich to choose. However, all differ in their basic sssumptions or in the
mathemsticel expression used. Hence, at the lov exposures in question, their
estimetion of risk cen vary dramstically (OTA 1981). Regulatory sgencies
currently use the multistage model proposed by Crump (EPA 1980, OTA 1981),
Using this model, the—risk-is linearly proportionsl to-the exposure st lov
doses. While each exposure is considered to carry some risk, the lc:ogtublu
rigy or safe dose is usually suggested as the exposure range for s 1077 to
10 * risk. This mesns that daily exposurg to that dose vould 4ncresse cancer
by | person {an 100,000 exposed (i.e., 107 ') or ! in 10,000,000 psrsons (10" ')
vith 8 lifetime exposure.

Risk to PCBa

As stated earlier 4o this discussion, the determinant factor for
assessing the visks sssocisted with chemical exposure is usually the toxicity
(acute or chroaic) of most concern that can be expected to occur in humans.
With PCBPs, as for aoy chemical, datermining ths toxicity of most concern {a
extremely impotrtant to setting safe exposure limits., Likevise, determining
the toxicity of most concern also determines the public's perception of the
harm of overexposure to PCBs, which in turn affects tisk sssessment. As
demonstrated by the types of snalysis used, the difference of whether or not a
chemicsl {s carcinogenic can trsnslate into magnitudes of differences in the
calculated dose considered to be ssfe.

PCBs are s good exampls of this dilesma. As seen in the EPA's smbient
vetar quality criteris for PCBs (EPA 1980), the safe dose calculated if PCBs
sre not considered to be cgscinogcnic wvas 210 ug/day; if PCBe sre considered
to be carcinogenic, the 10 ° risk dossge 1is spproximeted st 160 ng/day. This
is grester than a 1000-fold difference in the "safe™ exposure based on the
chemicsal's carcinogenic potentisl. Thus, determining the carcinogenic potemtial
of PCBs accurately has a large impsct on its perceived risk.

Even though many arguments may be made regarding the carcinogenic
potentisl of PCBs, ths susver to the question regarding vhich level may bde
safe can be found by s simpler, more direct method. While the preceding
extrspolations might provide useful guidelines for ssfe exposures vhen only
sninsl dats sre svailsble, they can be and should be tempered by the human
experience vhenever possible. While human dats msy not prove that the
extrapolations from snimal dats are correct, they csn be utilized {n some
instences to determine if those extrapolations are incorrect. Such is the
cass for PCBs.

The model predicting the csncer risk from PCBs based on the data from
Kimbrough et al. study (1975) 4s linesr in the dosage range calculsted for
scceptable risks. Therefore, linesr extrapolation to that dose approximating
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a 1002 cancer incidence {n humans using the slope for the curve in that
portion of the dose response for lowv tisks provides an overestimation of the
actual dose required for s high 1n:1d¢ncc_gf cancer (see Figure l). Perform-
ing tgil extrapolation for PCBe ({.a., 10 ° visk is 160 ng/day, so & risk of |
{s 10 x 160 ng/day equals 16 mg/day). At about a 16 ng/day-exposure of PC3s,
ve should expect a liver cancer incidence of 1001 in the exposed populstion if
the lov exposure perception of the risk is correct.

However, the Occupationsl Safety and Kcalsh Administration (OSHA) lim{t

for occupstional exposure to PCBs vas 0.5 mg/s” for Aroclor 1254 snd 1.0 =g/m

. for Aroclor 1242 and other, lover chlorinated biphenyls until PCBs were
banned. Assuming shat the average volume of air inhaled per workday is
approximately 10 ", then the allovable vorkday intake of PCBs could approx-
inate 5 to 10 mg. Granted that perhaps not every worker was exposed daily to
these levels, reports such as Ouv et al. (1976) or Brown and Jones (1981)
{1lustrate that 1t is a reasonable sssumption; therefore, ve can assune that
the daily exposurs approximates of our assumption sre a practical considera-
tion. Also, the slope of the extrapolated line would be such that the cancer
risk above | mg/day of PCB exposure would be easy to {dentify i{n humans as it
13 sbout 8 61 of the persons exposed. Since neither the study of Brown and
Joves (1981) nor of Bertazzi et al. (1981) found any significant {ncrease in
liver cancer, and sioce neither could demonstrate s consistent cancer risk,
one must conclude that the cancer risk extrapolsted from the snimal data for
lov dose exposure is wrong and possibly by at least tvo to three orders of
vagnitude or grester (depending on the actusl relationship berveen lines A and
B {n the schematic of Figure 1). ’

3

By comparing the risk calculsted using animsl data to that fcund n 2,567
capscitor vorkers (Brown end Jones 1981), ve might conclude that one of three
possibilities cr s combination of all three exists to explain this ervor in
our calculstions: (a) the model is wrong, (b) the snimal specics used does
not represent man, oxr (c) PCBs are not carcinogenic {n humans at occupational
exposura levels. The first possible explanation msy contribute to the problem,
but 1s least likely to be the csusal factor for, if tveasons 2 snd 3 vere
false, cthen an incressed incidence of cancer in capscitor vorkers is likely to
have been measurable. Therefore, one can conclude that either 2 or I or some
combination of the three is the more likely reason for the discrepsncy. In
any case, it can be demonstrated that, at the very lass:, the resul:ts of the
animal tests of Kimbrough et al. (1975) do not appeer to represent 2 model or
test data relevant for assessing the csncer risk im humans (James et al.
1981), 1Interestingly, 1f the modeled cancer risk in the EPA report (1980) is
off by only three otders of magnitude, we reach a zisk of cancer tha: {a
equivalent to the calculated LOEL in this document of 210 ug/day.

It should slso be mentioned that this same test cf the 107> risk based
ypon anims) data for DDT and rhlordane suggests s large overestizaticn of the
tisk for these chemicals as vell. Thus, this type of axtrapolaticn seems to
be {nappropriate for other chlorinsted, persistent chezicals which enhance or
produce liver tumorigenesis in rodents probably via epigenetic zechanisms,

ESTIMATION OF THE HEALTH RTSXS ASSOCIATED WITH ENVIRONMENTAL EXPOSURES

Sarly in this paper it was stated that 8 thorough evgluation of the
hazards associsted with ?CB exposures mus: ccnsider and waigh six different
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Figure 1, Extrapolation from Low Cancer Rigk Expoeure
to Righ Csancer Risk Exposure
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charscteri{stics of the datas,

The first tvo factors desl with the breadth and varfety of toxic
responses produced and the degree of species variation associated vith the
effects monitored. Many of the PCB-induced adverse effects are charscteristic
of 8 chlorinated organic compound of the PCB type, or at least these effects
are consistently produced by many chlorinated organics. The effects include
liver injury, liver enlargement, liver enzryme induction, {rritation when
spplied to the skin, chloracne, and (possibly) a disruption of the estrogenic
balance in feuales due to incressed liver metabolism. Although these may
indeed be considered sdverse effects, sll chemicals sre capable of altering
some physiologic function at a high enough dose. 1In the more relevant
reproductive sutagenic, teratogenic, and carcinogenic tests, tests of chlori-
nated biphenyls vere consistently negstive or inconclusive. Some of the
studies can be discounted because of inadequate study design, disputable
interpretations, or use of unusual test methodology. It {s unnecessary to
display s disproportionately high concern for those fewv positive studies when
the{r findings cannot be reproduced in » number of subsequent studies
conducted under similar or identical conditions.

Third, regarding mechanisms, sufficient evidence exists to indicate that
PCBs have the potential to promote cancer rvather than {nitiate tumors.
Similerly, the metgbolism and elimination of PCBe in primstes is far lower
than thet of rodents, suggesting that man is far less likely to generste toxie
metabolites then rodents, 1.e., man is probably less susceptible to liver
injury and sny impact this msy heve on tumorigenesis.

The fourth factor regards the relevance of the performed test., For the
sost pert, this wvas not & factor vhen considering the tesults of most tests.
There are, however, some probleme in attaching the same significance to all of
the autagenicity tests. The human relevance of single-stranded bresks in DNA
at high in vitro PCB concentrations or the applicability of tha chromosomal
tasts {n birds is questionable vhen compared to the more often used and better
estatlished tests for mutsgenic or clastogenic sctivity in msmmalisn and
bacterisl test systems. Thus, ve have concluded that the mutagenic, and
therefore initiating, sczivicy of PCBs in humans {s minimal, i.e., it is not a
significant hazard to humans considering the overvhelmingly negative test
responses, The relavence of extrspolating one positive carcinogenesis biosssay
in rats vithout balancing it against numerous negative onee in this same
species slso seems insppropriste considering the likelihood thac PCBs are
promotédrs; that the orgen response ({:e., liver cancer) has a high background
{ncidance 1n rodenta (Bickarton 1973) and {a suscaptible to promotion by such
effects as induction (Parsino et al. 1973, 1977) and recurrent liver {njury
(Date et al. 1976, Sereublum 1929, Schumenn at sl. 1980) (two knowm sffects of
PCBs); the species-strain preference of the positive effect; and the irrepro-
ducibiliey of this effect. Considering the promoting prassures that high,
chronic doses of PCBs could sxert, it is probably more unusual to {ind s
number of respoases .in rodents negative.

The fifth %fsczor desls vith the dosages required to produce animal
toxicities as compared to the expected human exposure. In animels, PCBs ace
scutely toxic only at high doses. Siailarly, their chronic effects generally
occur at relatively high doses. Thus, taking inco consideration the expected
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lov environmentel exposures to humans, PCBs do not appear to pose a significant
risk. If skin disorders are not induced, other effects seem unlikely,

The last factor deals vith risks determined by human exposures. The
epidemiologic studies have dewonstrated that PCBe are not remsrkably toxie
chenicals sfter scute exposure and that, vhen excess exposure does occur, the
ususl consequences sre dermatologic and not of s permanent nature., In spite
of over 50 years of use, PCB chronic exposures have added little or no
additional adverse effects of note to this picture. The majority of studies
has not identified o clinical disessas sssociated with PCM exposure other cthemn
ehloracne, nor has it provided persussive evidence of sn unusual health
{mpeirment. There {s no consistent evidence of an excess {n total mortality
or {n mortality due to cancer, cardiovescular disesse, or nervous system
disease thet can be sssociated with occupstional exposure to PCBs. PCBs have
. not positively been linked to any specific human cancer. Therefore, it
appears that PCBs are not a remarksble toxicant, but chemicals that require
high dosee to produce harmful effects.

In evaluating the risk associsted with the environmental exposure to
PCBs, ve should ansvsr twvo questions. First, is the level of exposure of o
suff{cient magnitude to constitute a hazard? Jelinek aud Coruelivesen (197%)
estimsted that the daily PCB intaks for s young msle sdult dropped from
spproximetely 15 ug/dey in 1971 to 8.7 ug/day 1a 1975. This estimate vas
basad on tha sssumption thet wost of ths {ntake vas from PCB-contaminated
fish., Tha eetimeta vould not be accurate for people who vere not eating such
fish, but neither {s it sccurste for persons vho were exposed to veste sites,
contsminated veter, or other unususl sources. Macleod (1981) more recently
reported that indoor air pollution with Pglo is gresteg than outdoor air
pollution, and often ranges from 0.1 ug/m” to 0.2 ug/a” of air for mamy of the
locations tested. This spproximstes to a 1.0 to 2.0 ug/day exposurs to PChs
from indoor sir. This exposure elso spproximates the currently recommended
NIOSH exposure level for industry. Thus, it appears that persons vithin the
Un{ted States are environmentaily exposed to microgram smounts of PCBs per deay
in vhat are probably tha higher exposure instances (excluding unusual condi-
tions). This exposure is 1000 times lower than former occupatiosal exposures,
wvhich, sccording to recent evidence, produced no problems other than chlorscne.
It vould seem that a 1000-fold reduction in exposure vould be s sufficient
mergin of sefety for eny vesk threshold effects that vers identified, e.g.,
ekin disorders and induction of liver enzymes. While the NIOSE level 1s lower
than the OSHA standard, it vould seem that the old limit ressomsbly protected
the occupstionally exposed persons. This bodes well for the rest of us
considering our far lover expected exposurs from the environment. Furthermore,
calculations revesl that PCP exposures of microgrems per day are not likely to
signif{cantly alter a person's steady-state tissue concentrations. TFor
example, the eversge 70-kg man {9 made up of 152 or grester dody fat. In
other vords, he has at least 10.5 kg of fat in vhich to store PCBs.
Nonoccupationally exposed persons usually contain 2 ppm or less of PChe in
their bdody fat, thus, st 2 ppm the average 70 kg man vould contain 21,000 ug
or less of PCIs. 1If one assumed 8 vorst-case estimate vithout considering
metabolisa, excretion, ocher tissues etc., it would take 26,8 vesrs ot & daily
exposure of 2 ug/dey to double his fat levels of PCRs. At 10 ug/day, 1t vould
teke 5.8 yesrs; st 30 ug/day, ic would take 1.2 vesrs; and at 100 ug/day, it
vould take 0.6 yesrs. Since the hslf-l1ife of PCBe ie¢ probably no longer thanm
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several months, the sctual time to double the body burden s much longer than
the above calculations and would never be reached for the lowver exposures.
Thus, the exposure to PCBs faced by the general population, estimated at adbout
5 ug/day or less for those exposed, {s not likely to have much of an impact
upon the lov body levels of contamination that have previously been measured
in nonoccupationally exposed persons. Since these levels sre far lover than
the tissue concentrations experienced by cspacitor vorkers, {t is unlikely
that any untovard consequences can be expected in the general population. The
cslculations also demonstrate that occasional exposures to much higher levels
are not likely to increase s person's adipose levels above the 1 to 2 ppm
coumonly measured.

From the sbove discussion, {t can be seen that the current daily environ-
mental exposure most likely encountered from the environment is not of a
sufficient magnitude to constitute an additionsl hazard becsuse it is not
likely to significently alter our currant body burdens. The snimal dats hae
identified certain hszards, but the negative dats suggest that these hazards
are not consistent or potent responses in every species. While we might
specvulate that very large doees of PCBs may cause various detrimentsl effects,
the highest exposure group, cspacitor vorkers, appesrs to have been axposed at
levals belov those that would csuse serious adverse effects in humans. Thus,
the current environmental exposures to PCBs, vhich are much lover than previous
occupational exposures, do not appear to be associsted with an {dentifiable
hazerd, and so the human risk seeas to be ainimal or insignificent. In order
that this paper is not misinterpreted, it is esphasized that this conclusion
does not spply to concentrated vastes or chemical veste sites vhere the
exposure msy be higher or of a different composite nature. It is also empha-
sized that higher than microgrem-per-day exposures to "pure” PC3s do not
necessarily carry sn sdded risk. The Federal Drug Adainistration (FDA)
guidalines of 1 ug/kg/day, or s single exposure of 100 ug of PCBs, 4s still
far belov the previous OSHA regulation and occupationsal exposures or even the
EPA's conservative estimate of tha LOEL., Until definitive evidence clearly
demonstrates 8 chronic toxicity in capscitor workers or other exposed persons,
environmental exposures to commercisl grade PCBs (with lowv levels of PCDFs),
vhich sre far less than ths former occupational exposure levels, appesr to
carry s minimal and insignificant risk to humans.
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DISCUSSION SUMMARY
Raywmond D. Harbison

Division of Toxdicology
University of Arkansas for Med{csl Sciences
Lictle Rock, AR 72205

The considerstions of the hupan risk associsted with axposure to poly-
chlorinated biphenyls (PCBs) sre varied snd require & multidisciplinsry
evaluation. Risk assessment demsnds s rigorous evaluation of experimental
snimsl dats as vell as human exposure dats. To accomplish this task, all
significant published or resd{ly available studies of the effects of PCBa vere
revieved, In addition to this review, current theories of carcinogenesis and
toxicity teasting end data evalustion vere used in cvaluating snd anthropo-
morphising the study results, As a result of this reviev and evaluation, the
quedtion vas ssked, "Does any exposure to PCBs rapresent & significant heaslth
risk to humans!" There vas no unanimous sgreement smong the participents of
the symposium as to the ansver to this question,

The human risks associsted vith exposure to PCBs may be considered in twe
cstegories, those that ere reversible and those that msy be irreversible.
The discuesion began vith s question frow Me. Julia Belli (Cincinnati Cas end
Electric) about the reversibility of three effects: chlorscas, enzyme
induction and low birth wveights awong offspring. 1In s discussion bdetwveen Ms.
Belld and Drs, Seywour Friese (Drill, Priess, Fays, Loowis & Schaffer, Inc.),
James and Barbison, it was brought out that the usual humsn observable conse-
quence of exposure to excess concentrations of PCBe {s s dermatologic
condition, The dermatologic condition sometimes produced is chlorscne vhich
is reversible snd disappesrs oo discontinued exposure. This condition is of
en scute nsture and chrooic exposures have sdded little or no additional
adverse effects of consequence to this picture.

Similarly, the capacity of PCBs to incresse liver biotransforming enzymes
is not unique to this cless of compounds. Although mostly snimal studies have
Seen used to determine the effects of PCBs on liver biotransforming enzymes,
the affect has also been demonstrated in humans. Hovever, {ncreasing
biotransforsing capacity of the liver enzymes can have beneficisl effacts as
vell as possibly adverse effects. Enzyme induction cannot simplistically be
designated 8 toxic effact. Further, this effect is reversible based upon
current knovledge of the biotransforming entyme systems. Thus, both the
PC3-induced chloracne and possible enzyme induction in hymans are reversible
biologicsl responses.

The {mplication of any asssociation of causstion of lov birth veight ia
human offspring by exposure to PCBa 4s not supportable at this time. The datas
presented et this meeting sbout lov birth veight offepring and exposure to
PCBs 1s preasture snd has not been subjected to & critical reviev. The low
birth wveight of some of the offspring exposed to PCBs snd other contaminants
at Yusho vas revefsible. Therefore, there are no significant nev leads 83 to
the potential for PCBs té produce low bicth weight offspring st this time, and
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the limited dats availsble show the effect, if it occurs, is transient snd
does not occur in o1l offapring.

The controversial but critical fssue of assessing the potencial risk of
developing cancer as & rasult of PCB exposure, based on studies in
experiments! snimals vas addressed. Ms., Jacqueline Warren, of the National
Resources Defense Council, expressed comcern about two issues: (1) the paper
presented by Dr. Jawes generslly appesred to reviev studies that produced
positive results more critically than it did similar studies that had negative
tesults and (2) specifically, that & recent Narional lostitute of Occupationsl
Ssfety and Health (NIOSH) study showed that one group of individusle exposed
to PCBe developed s nonatatistically significant three-fold excess of rectal
cancer,

Hs. Warren supported her first point by referring to en Environmental
Protection Agency reviev of the study* on wvhich the presentation by Dr. James
vas based. This assessment, she said, stated that the study's reviev of the
design of the variocus experiments tended to emphasize and exaggerata the
negative effects, while discounting positive effects.

Drs. James and Harbison responded by stating thet numerous studies using
both lsborstory mice snd rats vere considered, Considering the number of
studies vhich have {ndicated PCls cause cancer snd comparing this number to
the number of studies vhich failed to demonstrate PCBs cause cancer, the
conclusion may bu mede based on this cowparison that exposure to PCBs does not
represent & significent risk for incressed cancer in humans, Further, efter
more thso 30 years of PCBs use is industry, thare i{s no apparent causal
relationship betveen any typa of cencer and exposurs to PCBs, and there {s vo
spparent incrasse in the incidence of csncer mortality among vorkers occupa-
tionally exposed to high levels of PCBsg,

The largest study conducted by NIOSH, vhich involved over 2,500 persons,
did not detect any statisticslly significent axcass in the cancer mortality.

Since this study fsiled to demonstrate sn excess cancer rate in a high-
exposure population, it provides some reassurance that it 4s unlikely that
future studies vill shov suy incressed risk of cancer from PCBs.

The concern for the effects of PCBs on reproduction ves expressed by Ms.
Wsrren, She supported that concern by the fact that Allen and co-workerst had
shown obsarved adverse reproductive sffects aftar exposures to concestrations
of PCBs equaling 2.5 and $.0 ppm. She further stated that the concentration
of PChs in human bresst milk {s in that concentration range or higher.

*Ecology & Environment, Inc. 198F. Summsry of the heslth effects of PCBs,
Byffalo, NY: Ecalogy & Environaent, Inc. Chemical Manufacturers Association
contract no., PCP-3.0.

“Barsotti, DA, Marlar RJ, Allen JR, 1976. Reproductive dysfunction in rchesus
monkeys expcsed to lov levels of polychlorinated biphenyls (Aroclor 1248).

Fd, Cosmet. Toxicol. 14:99.
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Dr. James stated that the experimental animal studies which vere revieved
consistently demonstrated s lack of sny teratogenic effect, and fetotoxicity
was observed only vhen metermslly toxic doses of PCBs vere sdministeved. The
experimental snimal test results are consistent with the human experfence,

The Yusho incident, & high PCB exposure, fatled to idencify sny substantive
concern for terstogenic effacts. Considering the balanca of the reproduction
studies and the breadch of the mutagenic tests performed, PCBs do not appear
to represent s human reproduction hazard.

The overvhelming body of knowledge about PCBe suggests to Dre. Jesmes and
Harbison that there are some dermstologic effects produced by PCls, but these
effects are reversible, and beyond them there are no clear indicators of any
other adverse heslth effects sssociacad vith exposure to PCBs, The human
exposure data snd the experimental animal dats are reassuring in that there
have been no significant adverse heslth effects asssociatad vith exposure to
PCBe. Therefore, 1if there sre risks associated with exposure to PCBs, they
sre minimal sad uynobservadle,

Epidemiological studies have shown that commercisl PCBs are not remarkadly
toxic chemicals sfter scute exposure and that vhen axcase exposure does occur,
the usual consequences are dermatologic and not of & serious or permsnent
nsture. Chronic exposures have added little or no additional sdverss effects
of note to this picturs. The prepondersnce of studias has not identified s
clinical diseass sesocistad vith exposure to PCBs, nor has it provided persussive
evidence of heslth impairment. There 1s no evidence of an axcess in totsl
wortality or wortality due to cancer, csrdiovascular disesse or nervous system
disease sssociated vith occupational exposure to PCBs. PCBe have not beun
linked to sny human cancer, snd studies to date indicate it {s unlikely that
future studies vwill establish such a link.

It ssems to this author that there vas no agresment during the risk
sssassment discussion as to the consequences of human exposure to PCBs. In
fact, Ms, Warren stated that, in her opinior, no mesningful consensus could be
resched in the absence of more of the scientists who had performed the studies
discussed st che symposium, but vho vere unable to attend it because of its
schedule.
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CONCLUSIONS
0. Hutzinger

University of Bayreuth
Bayreuth, Germsny

INTRODUCTION

This section {s & summary of vhat wee presented and discussed during the
tvo days of the PCBs Symposiua., It is not intended to be, end cannot be, a
one-nen risk asssssaent of the PCBe problem.

Although I have tried to present informstion {n an accurste and unbiassed
manner, wy profeesional background and personal bias will undoubtedly flavor
these pages. The limitation of such s summary vill be further evident by
realizing chat ! vrote {t during one day followving the mesting. wvithout having
hsd the chance to see the papers beforshand. I did get advice from speskers
and discussion leaders in aress outside wy own expertise, particularly toxi-
cology, but otherwise had no chance to discuss topics with the suthors.

Anslvtical Methodology

In recent vears it became evident that toxicological propertiss of
individual components in the PCBs mixtures shov considersble differences. It
1s therefore necessary to use analytical techniques vhich allow detection and
quantification of, discrete chlorobiphenyls, HRigh resolution capillary gas
chromotography (GC), after sppropriate clesnup, 1s the method of choice to
fulfill this need.

Capillary GC {s no longer a research tocl, it has nov davaloped into a
viable technique that can be used routinely. There 1s no apparent strong
reason to snslyze PC3s {n environmental sasples by packed column methods. In
sddition to isomer separation, capillary columns wich their much higher
resolving pover slso eliminste many interfering compounds. Quantification of
lov chlorine PCBs, “early eluters,” s difficult if not icpossible vith ocher
techniques. This probles {s also solved by the use of capillary columns.

For proper identification of all compounds {n PCBs mixtures and environ-
mental samples, syuthetic stendards of all 209 chlorobiphenyls are being
synthesizad, sad fully chsrscterized PC3s aixtures sre expected to be avail-
able as standatds in the near future, Several round robin PCBs analyses are
being carried out or are planned, One such cooparstive snalysis scheme vill
use the charscterized standards.

For some simple snalvses (e.g., transformer fluids, vhere the chloro-
biphenyl pattern has not been changed by environzental or metabolic
{nfluences) use of dimple pacxed columns is sufficfent, ¢f proper standards
ats being used.

Gas chromatography-nass specirometry is still the preferred method vhen
{dent{f{cation aspects are involved. In sddition to the tine-~tested electron
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{gpect fonization mode, negative ion chemical fonization {s now svailabdle for
PCBs snslysis.

There 13 still no standerd method for quentification of PCBs. Comperison
of seversl pesks {n the sample vith & matched PCBe standerd {s commonly used,
but comparison of fully chersctarized pesks {deeally should bs used. Preferred
detection methods eeploy the alectron caepture detactor or selectesd fon
monitoring mass spectrometry. Since different chlorobiphenyls very in chetr
rasponss, particulsarly fn ths electron cspture detector, work vith suthencic
standards {9 essential,

The complexities of environaents! sswples hae eti{ruleted the spplicacion
of pattern recognition techniques (SIMCA) to PCBs snslysis. This method
establishes sintlarities end differences betveen sampls residue profiles.

Distridytion and Fate

The raducsd rslease of PCBs during the lest ten yesrs hes resulted in
lower PCBs concentrations in the environment. This can bde ssan by cosparing
ths messursmant of PCBs in several orgsuisms made during this time period,
The reduction of PCBs content in squatic orgsnisme is wainly due to burial of
PCds in nonmobile leke sediments and, to & lasser degree, degradation.

0f the total U.S. production of PCBs since 1930, sbout 15T of the PCRs
ave believed to have enterad the mobile enviroument, with the northern
Atlantic Ocesn being the main sink. An sstimated 1.7 to 8,62 of the environ-
mentsl PCBe {s {n freshvater sediments, msking this the second most importent
PCBs sink, Conversely, the estimated amount of PCBa in freshveter itself {is
only 0.01-0,04% of the totel.

Thera 1is o fairly straightforvard correletion between degree of chlorina-
tion snd biodegradability: chlorobiphenyle vith & lov degree of chlorinstion
ars bdiodegralable, and more highly chlorinsted biphenyls ere recsleitrant. 1Ia
one study, monochlorinsted biphenyls were shown to degrade vith s helf-life of
dave, vheress 2,2',4,4'~tetrachlorobiphenyl showed no messureble degradstion.
In leke sediments half-lives ranged from s fev days for dichlorobiphenyls to
200 days for pentachloro-{somars.

Mathematical fate models now sppesr to sceurgtely predict the fats, dis-
tribution and environmentsl residues of chlorobiphenyls.

Chlorobiphenyle Incidentally Formed {n Process Stresms

Although such information end knov-how exists for the enslysis for
commercisl PCBs preparstions end envirvonmentsl ssmples contsiming such
residues, very little §s knowvn on procedures for snalysing incidentslly
generated chlorobiphenyls. Ino the latter csse, the relative concentration of
chlorobiphenyl fLeomers is normslly relsted to the individusl chemicsl
ptocesses forming cthes. The chlorobiphenyl content can range from one to
saversl individusl componenta.  In virtually all cases, the pattern of isomer
and congener distribution is different from that of the PCB& produced by
chlorination of biphenyl.
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The sbsence of a charscteristic fixed distridution of chlorobiphenyls in
some process streams increases anslytical problems since, theoreticslly, all
209 fsomers and congeners could be present, The total generation of
tncidental chlorobiphenyls in the U.5., at concentrations below 50 ppm, {8
astimated to be 13,800 pounds, of which 95X {s disposed of se controlled waste.

Little {s knovn on the sctual exposure and the asssocisted hazard frow
chlorobiphenyls vhich sre formed {n process streams and relessed at lov
concentrations. Studies on bicavailability asre apparently lacking. This
i{information {s needed in cases such as the phthalocysnine pigments vhere
chlorobiphenyls seem strongly bound by the matrix.

Biosccumulation and Pharmacokinetics

PCB3s are highly lipophilic compounds that partition into fat and lipid-
rich tissues in both fish snd mammals., Depending on the degree and position
of chlorination, different chlorobiphenyls shov different lipophilicities and,
thus, different rates of uptake, distribution and excration. .

Dptake of PCBs by fish in their natural environment vas showvn to be
correlated to lipid content {n some studies. Rovever, it appears that the
concentration of PCBs in organisws is not simply and alvays velated to lipid
content, although the studies dewonstrating this often suffer from noun-
standsrdized reporting msethodologles, PCBs concentrations are reported either
on & vetveight basis or on s lipid besis, Standardization is urgently needed.
Biowmagnification (increased concentration in fish of higher trophic levels) is
not importent for PC3s, but biloconcentrstion (directly uptake from vater) is
fast and efficient.

Female reinbov trout and mice vers shown to possess alternative mechauisms
of PCds excretion during sltered physiological states related to reproduction,
Folloving vater exposure of female rainbow trout to 2,2',5,5'-tecrachlorobiphenyl,
the half-1ife of elimination was 1,75 yesrs. Upon initiation of spavuing, the
half-1ife of elimination for the same compound decressed to approximatsly 0.5
veatrs., The half-1ife of elimination of 2,2',4,4",5,5'-hexachlorobiphenyl from
female mice is grester than 100 deys. During lactation, hovever, the half-life
fros maternal adipose tissue decressed to two days., Within tvo to five days
the mothers hsd sliminsted essentially their entire body burden. The hexschloro-
biphenyl, in turn, vas stored quantitatively in the offspring. Because of the
significantly lover fat content of hucan ailk end cospsratively much smaller
@ilk quantities, this mechanism {s 1ikely to be much less effactive in humans.

No significant smount of hexachlorobiphenyl vas trsnsferred across the placents
during pregnsncy in the mouse experiment.

Frow analvsis of humso milk ssmples snd from sewples of Yusho pstients,
1t {s apparent that tha most plavar chlorobiphenyls (i.e., those having the
least orthochloro substitutions) ore ths most persistent in the human body.
From receptor binding studies it 15 known that these sre also likely to be the
|Most toxic feomers,
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Effects on Orgsnisms {n the Environment

There has been considerable growth in studies on environmental effects of
PCBs in recent yesrs, particularly from a qualitative point of view. Reports
of PCBs residua concentrations in limited populations from smsll sress have
been replaced by studies on several components of the ecosystem over larger
geogrephic areas. Acute toxicity studies have given vay in meny cases to
stud{es of chronic toxicity and to investigastions {nto the mechaniems of toxic
action.

Biocassay data on PCBs sre still lacking for large groups of orgsnisas.
The use of standard species such as fathesd minnovs snd rainbov trout
fecilitate couparison between toxic substances, but give little indication of
‘the sffect of PCBs on other organisms. Dats are particulsrly needed for large
waznels and for various trophic levels of dirds. Studies on the effects of
PCBs on progeny should also be conducted.

The majority of the biota {n the U.S. is subject to e relatively smsll
base-1osd contaminstion fros PCBs., Some organisms, dus to their habits, wvill
contain substantielly elevated burdens.

" Swall smounts of PCBs can inhibit production of phytoplankton and could
thus have significant ecological effects, It s prodable that some sensitive
zswmsls, such as mink, are being adversely affected by exposure to PCBs.
These effects would primarily be reproduction-related, but some acute lethal
effects are also likely. In many cases, reproduction of fish in U.S. waters
is probably not sdversely sffected by PCBs exposure, since the more sensitive
species such as salmonoids have frequently been eliminated by other human
sctions.

Most bird populations {n the U,S. are not expected to display acute
affects from PCBs in the environment. MNany species of fish-eating birds,
hovever, are exposed to dietary levels of PCBs sufficient to cause metabolic
effects in their offspring, '

In the pest few ycars, the use of indicator orgsnisms has become refined.
It way be possible, in the nesr future, to establish PCBs standsrds dased on
concencrations found in those species vhich most readily sccumulate PCRs.

Hussn Health Effects

The scute toxicity of PCBs mixtures {s moderstely low., Despita intense
efforts during the last decads, chronic toxicity dats for PCDs are still
inconclusive. Ko significant nev developments in animal testing wére reported
during the last fev years. In animsl studies, grest varistions are observed
in toxicolegical responsee to PCBs and other related compounds. The effects
depend oo the degree of chlorination in the chlorobiphenyl, the fsomer used
snd the species and sex of test animals. NMink, guines pig, monkey, quail and
chick ¢brye- are apong the mere sensitive PCBs test organismss, vhile the rat
and souse sre smong the less sensitive,

Oaly & fev charscteristic responses csn consistently be observed in
animsl testing. These are chloracne and entyme induction. Furthermore, these
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responses can also be observed in workers vho are occupationally exposed to
PChe.

Studies using enimal models and other test systems have resulted in
reportad effects vhich {nclude: (1) adverse effects on the reproductive
process (teratogenicity or fetotoxicity {n animeals), (2) adverse effects on
liver tissue in animsls vith dose relsted intensity snd reversidbility, (3)
sone findings on liver cancer in rats and mice, but othervise essentially
negative results on carcinogenicity, {4) negative findings on mutagenesis, (3)
ocbservation of gastric lesions in the monkey sfter sdmin{stration of Aroclor
1242, (6) some effscts on immuno-competence in animals at dosages that cause
changes in sutritional status, and (7) induction of porphyris i{n the rat and
rabbit,

It {s clesr that more emphasis nust be placed on the study of individual
isomers, Already, structure-sctivity relationships in the chlorobiphenyl
series, relsted to the induction of hepatic microsomal enzyme and binding to

_hepatic cytosol receptors, have yielded significant informstion. In the poly~
chlorodibenzo~p-dioxin series, these parasaters correlate well with toxic
effects, and sinilar, if vesker, responses are observed vith the plenar
chlorobiphenyls (1.e., those having the least orthochloro-substituents on the
one hand, and a 3,3',4,4'=chloro-substitution pattern on the other).

It vas pointed out that enzyme induction cannot be considered a toxie
effect snd emphasis should be on sesningful biological end-points. However,
spart from being useful in structure-sctivity studies, entywe {nduction could
be investigated as & pre-toxic effect marker, since early i{ndicators sre
essantial to community health care.

An internationally spproved experimsnt for testing the carcinogenicity
potential of PCBs ves suggested. A good study design including both sexes,
scceptable species (both rodent and nonrodent) and a carefully worked out
protocol could yield significant results. It was also suggested that
malignancy snd various pre-cancerous lesions should be the indicstor of
carcinogenicicey.

Several cross-sectionsl epidemiological studies on the health effects of
PCBs, snd three cohort.mortaslity studies primarily concerned vich the carcino-
genicity of PCBs, have baen carried out since 1978, Evidence from the
cross-sectional studies show that occupational exposure vas associated with
dernatitis and aild liver function sbmnormalities in the absence of clinical
disesse. These symptoms vere not observed in monoccupationsl exposures. The
three mortality studies all dissgreed on the cancers for which marked excesses
vere found. The toxic effects observed in Yusho patients (s believed to be
due to mixed effects from PCBs, polychlorinated dibenzofurans and poly-
chlorinated quaterphenyls, This case should, thezefore, not be included in
evaluations of cxposure effects of PCBs.

Risk Assessment

Sessions on risk sssessment are frequently the most difficult and least
conclusive {n this type of meeting, and the PCBs Symposium vas no exseption.
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In the Chairman's opinion, no mesningful and scientifically sound discussion
took place on this topic during the Symposius.

The wost vorrisome espect of the PCBs problem is the ubiquitous occurrence
of this group of compounds in biologicsl materisl. This is related to transpore
behavior, lack of essy bilodegradetion and the biosccumulation potentisl of
PCBs (thus, to physical-chemical properties rether than toxic effects). Still,
the nagging feeling remains that, perhaps, after 20 to 30 years some ae yet
unknown or unstudied effect in man or other organisms may become apparent.

Oo the other hand, it 1s evident that after 50 yesrs of i{ndustrial produc-
tion and use of PCBe, no significent clinicsl disease or clear epidemiclogicel
correlations have been observed in occupstionally exposed persons. Consider-
ing the lover and declining exposure to PCBs vis tha environment, it seems
unlikely that significant injury vill be obdserved from environmental exposure
to PCBs,
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