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Polychlorinated Biphenyls

1ntroduction

Although the polychlorinated biphenyls (PCBs)
t ave been used in a wide variety of industrial apph-
b the UL S. from 1930 untd 1970, when their
& tuhon was voluntanfy restricted 1o closed
tyv'ers, there 15 scant information on human expo-
vore to adverse human health effects i the U, 8. In
tee U1 8., minimal human exposure of the popula-
b ta I'Clis is hmited to foed, air, and water, while
170 fean Innman exposure appears to be limited o
1wty fishermen consuming fresh water fish {rom
sonciminaicd streams and lakes: and to occupa-
taral eaposure in indostrial workers.

Liictary Exposure to PCBs

The May 1972 Report of the Interdepartmental
Yol Jwrce o PCBs (/) summarized the findings in
f.nu8 samipling programs conducted by the Food and
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Drug Admumistration and the Depariment of Ag.
riculiurc. Jelinek et al. (2} have provided an vpdate
{o that summary and cvialuated trends which is pre-
sented below.

The 1972 Task Force report (/) outhined thice
broad sources of {ood contamimation. These arc re-
stated here in order to show which sources have
becn effectively controlled and which sources appar-
ently persist, as reflected by resulis obtained in con-
tinued food sampling; (1) cavironmental contamina-
tion (background levels of PCBs in fish from lakes
and streams); (2) industrial accidents (isolated ince-
dents involving direct feakage and smllage or contact
of PCB fluids and other PCB containing matendls on
animal fceds, feed ingredients, or food): (3) food
packaging matenals (PCD migrition to food pack-
aped in PCB-contaminated paper products .

As discussed in the 1972 Task Torce report (),
there were a number of other positive findings 1n
foods which could not be traced to one of these
broad sources prior o 1972 and the souwce of such
occasional findings remain speculative. However,
in more 1ccent years, essentiaily afl posinve find-
ings of PCBs in the food supply have been attnbut-
able to one or more of these three sources.

Jelinek and Cornehussen (2} reported that {ur the
1969-1975 period, there has been a sigmificant de-
crease in PCB levels in all foods with the exception
of fish, where no particulnr trend has been noted.
From that ebservation they conctuded that proace-
dutres instituted to eaclude the use of PClis an
“open’ applicauions have been cffectine, but that
more needs 1o be done to prevent therr entry into
the hquatic environmient,

Jelinek and Corneliussen (0} presented data on
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FDA's sampling pragrim showing a very conclu-
sive decline i FY 197321975 period in terms of oc-
cutrence rate of PCO~ and maximum levels found m
milk, eggs. cheese, anan feeds and components,
processed fruits, sand baby foods Excem for fish,
occurrence rates in 1Y 1975 had dropped to zeroor
less than 1% fur all categories, and there were no
findings in cxcess af the casung iemporary Loler-
ances, Sinular dutx were presented covering
USDA's sampling of meat and pouliry which also
showed a dechine. {o 0.3%% positive and only 0 6%
above the tempoi y tolerance.

Jehnek and Corneliussen (2) also reviewed DA
Total Dict Study findings (FY 71-75), which
showed that all food clusses of the totn] diet have
deelined to na PCB occurrence and no calculable
daily intuhc of PCBs. cacept in the meat-{ish-
piultiy compuosites About 40% of these composites
contipue to contain detectuble PCRy, although only
traces have been detected i the latter years. The
hmit of quanbitative detection i the Total Dict
Study is abou1 0 05 ppm; posinve findings below
that level e generally reparted as iraces since they
are not reliably quantitated.

Occurrence of PCBs ended in 1973 in all other
catepories notably in dairy product composites and
the composies of grain and cereal products. This
probably reflects the control measures effecied on
animal feeds and on the control of ingredients in
reeycled paper uscd for food packaging What 1e-
mains, based on the Total Diet Swudy, is a conlinued
low level occunience {about 405 positive and only
At trace levels) in the meat-fish-poultry composies.
Thie fact that fevels i these composites have de-
clined to only traces further supports the inference
that the meat and pouliry and eggs no longer contain
delectabie PCIs and that the low level findings are
primarity due 10 the fish in those composites. This
would imply that 1the PCB levels in ihe dict may
have ““bottomed out’™ and may remain stauc untj!
such time as there is a change 1n the tevels for fish.

Estimates of dictary intahe of PCBs based on the
Total Dict Study must be taken as pross estimates
beecuuse only traces are currently found and some
type of estintated value must be assigned 1o those
Iraces to calculate microgram per day intahes of
PCBs. Jelinek and Corncliussen {2) used a set of
gnnsistcnl assumpuons for those traces in compul-
ing the daily mntakes for the FY "71-75 period, Their
calculations showed a stendy decline from 15 pg/
day downto § 7 upfday. with 2 of this coming from
the incat-fish-poultry group in FY “74-75 (minor and
gcclining purtions atiributable to other food classes
in cirher years),

Review of this information implies that. alihough
the various assumplions for trace residue reportings
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and varying food consumption data have a signif
icant effect on daly intake calculutions, an overall
esumute an the order of 5-10 up/dny PCB dietary
intake of PCIs for the gencral public scems reason.
able. This figure would 1ot be applwable to diets
which may include regular consumption of fish from
centain Jocaniony with high PCB levels.

PCB Residues in Fish

Review of the data gathered by various agencies
on fish residues indicates a sepous tncompanbliny
of samphng programs for obtaming data which reh-
ably define trends i PCB levels The Food and
Drug Administration s primary concern is the levels
which cxisl i the edible portion of commercially
imported {ish which are marketed interstate.
Therefore, v most cases, the heads entrails, skin,
and fins arc eacluded. Furthermore, FDA samphag
has not included fish which are caught and con-
sumed locally (freshwater fish) and the samphng has
dealt with the most imporiant consumption spectes
which ate piimaiily of marine origin and which gen-
eraily do not contain PCB levels as high as fresh-
waler species from certan locations.

In oider to deternune the human exposure to
PCBs through dictary fish. one must know the
levels of PCBs residues in the cdible portions of
fish, and the amounts of the various kinds of {ish
consumed by the population’atiafge, and by special
subpopulations. Information has recently been
compiled by thc National Marine Fisherics
Service-NOAA {3) on the PCBs tevels of these res-
idues in murine and freshiwater fith and shelifish,
and on dictary habits,

Table [ lists the 20 most important types of fish
eaten in the U, S. today and the mean daily amount
of cach type caten by the subpopulations ol actual
users. Table 1 includes all diciary fish, from sport
fishing and from domestiec and imported commercial
fishing. These 20 items comprise 95% of the fish
products caten. The results are taken from informa-
11on in a recent seafood consumplion siudy, spon-
sorcd by the Tuna Rescarch Foundation, by the
Natjonal Purchase Diary of Schaumburg, lhinoss
), and National Marine Fishenies Service data on
the amount of fish and shelifish processed and
distnibuted in the U. §. Several items in Table | vre
worth noting for purposes of the present analyss.
Although 93%% of the U. S. populuion (197 anlhoni
cat fish, the average annual per capital consumpuon
of fisht 1s small 15.0 Ib/yenr: a large “unciassified™”
fish fraction exists in the U, S. dict, ranking just
below tunnt in importance. the mapor portion of
many of our most {annjiar types of scafood is 1m-
ported. and freshwater species, led by trout, bass,

Environmental ealth Perspectives

MONS 206386

T T i T T ~r-y

L

$ = a4 st e - W w



- e ® W ™ s o ot

and calfish, compiise alout 9% of our total Nish diel.
A compitation of PCDB data, representing the re-
sults of all the mecasurements known to NMTS of
PCBs in fish used 10 the U S, dict 15 presented in
the Compendium of PCB Data (). 1t includes data
from governmient 1cports. and state and privite
publications. An cffort was made toinclude current,
unpublished data rom manne laboratorics The
conmpilation inchides the results of 4 comprehensive
literature search by the NOA A-Environmental Daia
Service (ENDS) An EDS-CNDEXN dwa search for
unpublished data and a EDS-QOASIS scarch were
made, ctossing manne food specics with PCBs,
Two significant sources of data—the (975
FDA Market Basket resulls. and the results of the
extensive analyses by the New York State Depart-
ment of Environmental Analyses (J)—werc not
availablc to NAITS al the time the Compendiom ()
was published. However, FDA has indicated that
the 1975 Market Bashet results do not differ dra-
matically [rom 1973/4 daia Prchrminary resulis of
the New York study arc ineluded in Table 3 below,
Table 2 summinizes the PCB informauon assem-
bled in the Compendium relating to the 20 most im-
portant kinds of dictary fish identified in Table I.
Altlisugh at one ume or another, some PCB mea-
suremenis have been made on many fish, Table |

points oul the inadequacy of information on PCR
residues in the most imporiant iems 11 the fivh dict.
Samplig and analysts have been spoiadic and not
desipned to monttor biends in human exposine
Systematic surveys of neither the imporiant dems
nor the species most hhely 1o be contanunated have
becn undertaken. Very few recent measurements
have been reported,

However fragmentary the data on PCR levels
may be, they do not mclude a senple messurement
exceeding | ppm in any of the ten mosl important
fish loods. cxcept for Dover sole and ¢tab tihen in
the immediate viciiy of Los Angelos sewerage
outfalls, and crab hving on contaminated sediments
in Upper Chesapcake Bay No mote than [ 6 ppm
has been repoited moitems 11 through 20 i impor-
tance, with the exception of freshwater bass gid
catfish tiving in river and lake arcas hnown 10 be
contaminated with PCBs Nonctheless, a< em-
phasized 1in Table 2, there have been no PCB mea-
surements on the imporlant unelassified dictary fish
items, and the analyteal information 1s 10 no n-
slance systematic enough to permut an estumate of
the actual mean PCB values, hence human expo-
surc. The strongest stalement that can be made,
based on the incompliete data summanzed 1n the
Compendium (4). is the most of the important fish

Table 1. Fish and shellfish consumption in the Unlled Staies {Scptember 1973-Avgust 1974)."

Number of Mean amount
Amount, i0* Percent of acluai bsers per user,
Rank /yr tolat by weight {muilions) pday

Tolal ‘ 29587 100, 197 18.7
Tuna {mainly canned) ] 634 214 130 6.}
Vochassificd (mainly breaded, 2 542 184 14 i0.0

inciuding fish siichs}
Shrimp k 301 0.2 45 L}
Ocean perch® 4 149 5.0 19 9.7
Floundcr 5 . 44 4.9 3 B.6
Clams ] I3 3t 1] 1.6
Crabafobsiers 7 110 AT 13 'i0.6
Salmon 4 108 34 19 6.7
Oysters/scallops 9 B 3.0 14 78
Troutr 9 " 3o 9 123
Cod* 11 % 2.7 12 L §]
Basst 12 N 2.5 2.6 120
Catfishe 12 7 2.3 7.5 12.1
Haddock?* 12 73 r n 86
Pollock? 15 60 2.0 13 6.8
Hernng/smelt
Sardines 16 54 1.8 10 6.7
Piket . 17 kL] 12 2.3 . 174
Hulibut* 13 2 1.1 50 80
Srapper 12 32 1.1 43 9.3
Whiling 20 25 0.9 32 9.7
Al eiher classified 152 - R

& HMF'S dala (1}

* Mainly imports.

¢ Fresh water. .

June 1978

159

saban 2o o ol aand i e e B3

MONS 206387



meat {tcins eiten in the U. S, probably contain
mean PCH residue tevieds well below | ppm,
Fraginciulary evidence also leuds 1o the conclu.
sion Hwut the PCU levels infish liver, woe, und ol are
gpproximiitlely 1en times that in the edible muscie

and the PCB concentralions are greatest n the
older. lirger, oily fish, especially those thal spene
part or all of thes hives in contanunated Inkes, rivers
or csiuarics,

Table 3 lists the location of the specics in which

Table 2. MaxImum reporied I'CH ressdue levels in fish nauscle {white meat),

Rankt Kind

Range and max level reporied, Mean levelin

ppm the U. § dinn
I Tuna 0-0.49 (1973} Unknown*
2 Unclassificd (manly breaded) no dala Unknown
A Shrimp -0 167 (197N Unknown
4 Otcan perch 0-0.25 (1974) Unknown?®
s Flounder/sole 0.6,) (1972) Uoknow n?
6 Clams 0819 (1974) Unknow n?
7 Crabg/lubster 04,91 (1970) Unknown?
Salmon 005 (1974} Unknown*
9 Ovysters, scallops -0 43 (1974) Unknown*
10 Troul {cxcluding lake trout) 0-0 56 (1972) Unknown®
it Cod 004 (1974} Unknown?
12 Bass 03-84 11974} Ualnown?®
13 Catfish 0-4.4/ (1974} Unknown'
14 Haddock 0-116 {1974) Unknow n®
15 Pollock . 0.0 {1974) Uanknow n*
16 Hernng/smelv/sardimes (marinc) c-16 {1974) Unknow n*
17 Pike 0063 {1974} Unknown’
18 Halibut 00,149 (1974) Unknown*
19 Snapper 0-0 | {1974y unhnown®
20 Whiling 0.0 (1974) Unknown*

* These 20 uems compose 9576 of the fish in the U, S, diet,
¥ Probably well betow | ppm.

¢ Single Dover sole tuhen near Los Angeles municipal sewerage oulfall, The mean valuc of sole samples takensn this viciony was 1 3
ppm in 1975, Sfcan values of viber saniples Iahén avay from outfulls w ere fess than { ppmian 1975 In any case, abihowgh Dover sole 13
animportant food fish (1 Nonhern Califormia 1113 not taken commercally an Southern Califorma walers

4 Single yellowneek erab tuhen near Los Anpeles outlati-mean of group etuding Ihis crab was less than | ppm. A composite of

Upper Chesapeahe Bay erabs contained | 2 ppm tn 1974

¢ Taken in 1974 fram St Croix River, Wisconats, mean of four white bass was 6.2 ppm.
! Taken from Missisappr River, Minngsota, mean of a sample of five catfish was 2.5 ppm.

Table 3. Arcas where at least one exemple of high PCD resldue Ievels {> & ppm) levels hase been reporied In the iisted specles.*

Species

Laocation

Stiped bass

Chub

Carp

Chain pickerel, alewife

Coho salmon

Chainook salmoa

Steelhienad troul :

Lake Trout

Smallmouth bass *

White perch

Alewife

Whac sucker

Walleye
. Largemouth bass

Yellow pereh

Anerican ecl, crabs, sturgeon
Rovk bass, emfish

Bluclish B

Hudson River, N. 1.
Lake Micligan
Mississippi River, Minn., Lake Onandaga, N, Y.
» Hudszon River
Lake Michipan, Lake Oniario, Hudson River
Lake Michipan, Lake Ontario, Hudson River
Lake Michigan, Luke Ontano
Lake Machipan, Lake Ontano, Lake George, N. Y,
Lake Onanduga, Genessee River. N Y.
Hudson Riser, Mohawk River, St Lawrenee River
Lake Onandaga, Hudson River
Hudson River
Hudson Ruvcr, Stohawh River
Hudson Rover, Slohawh Riser, Black Raver N. Y,
Rudson Rner, Slohawk River
Hudson River
Hudson Kner ‘
Hudson Rner
Long Island Sound tmusele from one large ail [ivh conlamed § ppmsy

= Includes recenl data from New Yark Stale Department of Environmental Consers ativn not nw buded ynthe NME S compalahon The
Hudson River atwone Fort | dward, N, Y., 15 oot contaninated with PCHs, and 1he tesudue levely on fish are quite low,
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high PCB levels, exceeding the FDA 5 ppm
guidchne, have been reported  Afthongh the trout,
sulmon, und chub m Lukes Achigan and Ontario
and the lludson River bass, perch, and cel consti-
tule only a [ew percent at most of the natonal fish
dict, in some areas they aic a significant part of the
fish dicls.

In order to discover what is presently known
gbout U. S. fish consumption habits, numerous
government and private sources were consulted, A
pumber of pre-1970 siudies are avmlable. including
g 1969 NMT'S Survey of Fish Purchases (6) and a
1968-70 HEW Ten Siate Nutrilion Survey (7). In
addition, a few spectthzed reports have been pub.
lishied, including annual FDA Regionad Bashet Sur-
veys (8) that do not include fish eaten i restaurants
gnd institulions or by sport {ishermen, and surveys
by the Sport Fishing Institute (9) and 2 1974 Texas
A& M Analysis of Seafood Consumpuon Paltems in
Texas (/0). However, the most up to dalc and com-
prehensive data are avajlable in the previously
mentioned 1973-74 Scafood Consumption Siudy by
the National Purchasc Diary (4).

Table 4 summanzes results of fish consumption
demographic information that delines the number of
U. S. consumers who would exceed an arbitrantly
set dietary microconstitucnt level To date, this
kind of information is available only for total dietary
fish and ote subcomponent, tuna Table 4 indicates
that 75 million U. S consumers cat more than the
national average of 18.7 g fish per day and 2% muthon
would exceed the present dictury intuke limut of
PCB (175 ug/day) if the 35 or morc g/day of fish
eaten was coniaminated on average to 5 ppm, the
current FDA guideline level. There s, of course, no
evidence that the mean PCB level in fish is any-
where ncar S ppm. Nonctheless, should it 1n the
future reach 1 ppm, then by an extrapolation from
Tablc 4, an estimalc ¢an be made that about 200.000
U.S. consumers would be excceding the 200 ug/day
FDA limit. As another hypothetical case, if the PCB
level in tuna should ever reach 1 ppm, then about
5,000 tuna fish consumers, those who cat in excess
of 175 g/day, would exceed the 200 up/day limit
from tuna alone.

Table 4. Distribution of fish consumplion by U. §. consumers *

Number. thousands of consumecrs

Level of consumption,

g/day Total fish Tuna
[ 197,000 130,000
18.7 (national avp ) 75,000 5,700
35 29,000 1,300
50 14,000 400
100 2,000 43
150 40 10

* Derived from graphs on pp, 21 and 23 of the Seafood Con.,
sumplion Siudy ().

June 1978

Survey ditn do show that in peneral U S, fish
caters include a wide vancty of fish items in therr
diet. Thus, even tf certain ems conling tovie
micro-constituents at or near FDA puideline teved,
the great majosety of consumers would receive only
a smali action of their average dictary intake {rom
these sources.

Clearly, there is a need for demographic informa-
tion, siondar to that avaibable on total frsh and tun.,
on the otier principal foodfish tlems 1n the U, S.
diet: and a need to cxtend and beuier measure the
high-consumption tail of the distributons, 10 get a
correel picture of the number and (ype of consum-
ers eating tn excess of 100 g/day of any single fish
product.

Human Exposure from Eating Fish

At prescnt, it is difficult to estimatc human ¢xpo-
surc 1o PCB from caung fish. cither for the popula-
tion as a whole or for subgroups at higher 1ish
Fragmentary cvidence supgests that the exposure (o
the population as a whole from PCB residues i
ingested fish is probably well below 19 4 piday-
consumer, based on PCB lcvels which are probatbly
well below § ppm and 19 ¢ fish consumediday.

Although it is imporant to hhow the total popu-
lation exposure, the first pnionty should be ginen to
defining the dietary intake of PCUs jn special sub-
populations at high sisk by reason of high consump-
tion of fatty fish or high sensuivity to the toyc ac-
tion of PCBs. Such populations might include preg-
nant women and young children, dieters, low in-
come groups, and sport Hishermen hving 1n coastal
and lake repons where there 1s known PCH con-
tamination. Primate studies supgest that pregnant
women, young children and dicters. will bhe par-
ticularly sensitive 10 PCBs and 1n some areas low
income groups may rely heavily on fish for food,
For each subpopirtation. the amount and hind ¢f fish
in the diet and the PCB residue Ievels in the (ish
calen must be oblained in order 10 determine ¢cxpo-
sure. Nong of the neeessary information to deline
the human PCB exposurc in subpopulations is
presently knoswn,

The first prionity in systematically monitoring and
analyzing for PCB residucs 1s Nish should therefore
be among the oil fish such as salnion. tioul. mack-
crel, shad, sardines, hernng, bluehin tuna, sable
fish, whitefish, stripcd bass and blucfish. that have
been identified as sipmficant food items i the diets
of special subpopulptions of consumers,

Although only mimma! dictary cxposure to PCBs
may occur rthrough foud, there s evidence of po-
tentially significant exposure in those subgroups of
the population who repularty consume fieshwater
fish from witers which are contaiminated with PCHs
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at levels which exceed the FDA temperary toler-
ances. These subgroups of the population would in-
clude wports fishermen and others who consume
locally canght freshwater fish

In surveys conducted by the Statc of New York
and VDA, samples of 17 species of fish were col-
lected fiom [0 pormits on the Hudsen River between
Glens Malls and Alpme. 13 samples were cullecicd
rt Glens Falls and 68 samiples below Glens Talls,
The data fiom tese surveys indicate that 53 vut of
68 samples of fish collected at or below Tort Ed-
ward (approvmately 7 nnles below Glens Falls)
conlained PCBs in excess of § ppm The average
level of PCB contanynation n these 68 samples was
31.3 ppm. In conirast, only trace levels were found
in the 13 sampics obtamed at Glens Talls A high
proportion of finflish and ccls from all sampling
points below Glens Falls contimned PCB tevels in
excess of 5 ppm The Fort Cdward samphing poiat
had the highest levels for the speoies examined,
with mdividual samiples ranging from 20 | to 178
ppm.

Twenty-cight of the 33 samples of coho and
chinook satmon fiom Lake Ontano exceeded 5
ppm, with a range from 21 ppm to 24.6 ppm, Of the
4 samples of lahe tiout tested, results were in the
range of 10 to 1S ppm. All other spccies of fish
sampled ftom Luke Ontario were at S ppm or less
PCBs.

The Great Lakes represent another asrca of the
nation contaminated with PCBs. The Michigan
Water Resoutces Commission (/7Y has reported that
many surfacc water samples contained PCBs at
concentrations above the detection himii of 10 ppt.
Ten sigmilicant levels of P2Bs have been found in
rivers and streams discharging into the Great
Lakes. Effluents from wastewater treatment plants
servicing tndustrialized communitics have been

. found to be highly comaminated.

Sampling surveys of Great Lakes fish have shown
that most species tested contained detectuble levels
“of PCBs and that residue levels were gencially pro-
portional to fish size {uge) and highest in the pred-
ator species. Except for whitefish, the species of
commerciil or sport interest (trouts and snlmons)
fiom Lake Michigan were found to be Iughly con-
taminated with PCBs. Data obtained fiom lake trout
collected from various ureas of Lake Michigan
show mean PCB levels ranging from 3.06 ppm to
11.93 ppm.

The bhichigain Department of Public Health has
reeently compleicd a study (/1) which attempled to
asscss some of the consequences of human expo-
surc 10 PCBs fium the consumption ot sportsfish
cnught in different meas of Lake Nicligan, The
study included eaposed and contro} subjects from
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live atens of Michigan bordering on Lake Michigan
Exposed stidy subjeets were thase individuals who
constnted ot leist 24 to 26 b of Gieat Lakes fish puy
year. Contiol subyects were those individoals who
consumed less than 6 1b of Great Lakes fish per
year,

A prehminary assessment of the findings in the
study indicate that the myost frequently recorded
quantity of fish consumed by the study partictpants
was in the 24-25 |b yr range. The hizhest recorded
fish consumption over the two.year penod of the
study was 180 1b'yr and the highest sinpleseason
consumption was 260 Ib Mean PCB levels tn wjwle
lake trout are tepotted as 18 93 ppm o 1971 and
2291 ppon 1974, and 12,17 ppm in Coho Satmon
tin 1973 and 10.45 ppm in 1974,

However, compansons of PCB levels in raw vs
cooked [ish indicate that actual human capostie o
PCBH from fish consumpuion s less than meght be
expected from the raw [ish data This 1s not anex-
pected. since preparation (tnmnung away fatly us-
sue) and cooling tve been shown to decrease the
concentiation of PCHs. For example, the PCB level
in cooked Lake Trowt consunted by the study par-
ticipants ranged hom 103 ppm 1o 4 67 ppm: in
cooked salmon from 0.48 ppm 10 § 38 ppm. und in
other cooked fish fiom 0.36 ppmto 2 06 ppm These
levels sne decudediyv lower than the level of PCB
contnmingtion reported tn raw tiour and salmon.

PCBs were found in 50t blood and breast malk
specimens collected from study partcipants duming
the study The values ranged from a low of 0.007
ppm in blood in the control group to a high of 0 366
ppm in the esposed group. Although there was a
wide range of blood values for cach quantty of fish
consumed, there was a highly sigmificant conelanon
between the repoited quantity of Lake Michizan
fish consumed and the concentration of PCB tn the
blood of study patticipants. Using a natural log
fransformation of PCB values, the corrclation be-
tween amount of fish consumed and PCB bluad
levels was signilicant (r = 6.24. p < 0 0001}, with
higher repoited fish consumption being associated
with higher blowd PCB levels

No annual vatiation .n PCB blood levels in hu-
mans canld be demonstriated. The mean PCB blood
vilues for the controt and exposed groups did not
appear 1o change markedly fiom 1973 to (974, In
addinion, abstincnce fromy Lake Micligan fish can-
sumption for a period of 90 days or more dud hot
chunge the PCB blovd levels significantly. PCR
blood fevels vver the abstaining period shows sari-
ation but no steady decline in PCB. In factl. more
stbyeets showed aa change or a rise than shiowed a
dechme in PCB blood Jevels over time,

The calculated quantity of PCBangested by enting
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Lakc Michigan fish averaged 46 5 mp/yr and ranged
fiom 14,1710 114.31 mg/yr. PCB ingestion for each
individual was deteiminett by propostioning the re-
por(cd unnual fish consumption by frequency of
species caten and the cooked fish PCB levels for
ihose fish. The communuy average for cooked fish
was uscd in instances were cooked fish determina-
tion weire not available for a siudy purnticipant. Be-
causce fish consumplion was foond 10 vary from year
to year, the average annual consurnption for cach
individual for the two bascline years of study was
uscd in cach case,

Results from thes study indicale the strong likeh-
hood that the maximum aillowable ingestion of |
up/ke body weight per day recommended for pro-
tracted exposuie 1o PCB is being exceeded by the
majoiity of the exposed group participants, and by
inference. by a substanual number of individuals
participating in spott fishing and who consume
quanittics of contpminated fish The calculated
mean daily dose recaived by the exposed group is
1.7 wp/hp-day and ranges from 0.49 {o 3.94 ugo/kp-
day. I[ the average annual rate of PCB ingestion
from fish indicated hy these study results were con-
ttnued over the years. and i net accumulation oc-
curs, the average sports fisherman consuming con-
taminated fish could receive 2 total PCB dosc equal
to the 200 mg safety limit in approximately 4.3 yr,
Under the same set of assumplions, individuals
consuming greater thin uverage amounis of con-
tnminated fish would rcach the total dose level
sooncr,

No adverse health effects or group of symptoms
couid be identified in the exposcd group that were
clearly i1elated to PCB cxposure. This imphes that
exposure to PCBs from cating contaminated fish at
the levels observed and the prescnce of PCBs an
these eaposcd persons has nol caused any observa-
ble ndverse health cffects al the time of the study.
However this dots not exclude the possibility that
¢ffects too subtle for detection are occurring or the
possibility of long-term adverse health cffects.

Yusho )

Considerable scientific interest has centered on
the Yusho incident in Japan, where in 1968 human
intoxication with Kanechior 400, a PCB manufac-
tured in Japan, was noted when a heat exchanger
leaked this IP'CB into rice oil ("Yusho' o) which
was consumed hy Japanese families

The typieal chinicat findings inciuded chloracne
and increased pigmentaton of the shan, increased
cye discharge, transwent visual disturbances, fecling
of weakness, mumbness in bmbs, headaches, and
distutbitnces in hver funclion. Most of the babics

June 1978

born io muthers with Yusho had shin discotoration
which slowly reptessed o the childien paew i e,
Adult Yushe paticits had protracted chino al disease
with a slow rcgression of sympiams and sens
supeesting a4 slow miciabalism and exveretmn of the
PCB m humans, probubly resutting ftom a long
hiotogical lulf-life

A review of the Hteramire extent 1 1972 Ied o the
followtng facts with respect 1o this tagic merdent in
Japan The iiverage PCB content of the nice ol
the dose—response emdemiotogic study was 2300
ppm. In tus dose-response epidemioioeic studs
the average cumulatve wntahe of PCBs leadine to
overt symptomatulogy, was 2000 ng In this same
study. the lowest dose feading 1o overt svm.
ptomatology was 500 mg. The toucily seen was she
1esufl of the ingestion of the PCBs contaminunt in
the nice ol

A sumimary updating of the Yusho mcwdent was
presented by Kuralsitne in 1975 (/2) This report
affccts the original conclusions enunictatted above

PCBs Content of Yusho Oil. The fast reponed
PCB determination was made on a canned contam-
inated rice o produccd on February 5, 1968, con-
sumption of which was associaicd with overt
symplomology. One grottp of Yitsho patlicnis was as-
sociated with ingestion of this contamimtied canncd
rice of produced or shipped on Februaty 5 and 6,
1968 (13).

The detaded epidemiclogic studies are given in
the papeis by Kuratsune et al. (/41 and Yashanura
(15) and sutnmanzced in English by Kuiatsune ¢t al
(/3, 16, 17). Of 325 patients quericd, 166 of 170 uscd
canned rice oil produced or shipped on Februiry 5
and 6, 1968, and 143 of 155 uscd boliled rice ol
shipped from February 5 to 15, 1968, Tusuhamoto
et al. (f8), detcrmined that the orgamc chionne
content of canned rice oils produced or shupped on
February 5. 1968, was 1000 10 1500 ppm. by cheni-
cal and activation analysis. Since Kancchlor 400
had o 48% chlorine content, if one anribiited all the
organic chlorine to this specific chionnated
biphenyl, then this canned rice oil conlutned. as an
average, 2500 ppm PCBs. Kuwiatsune et al (M) re.
ported that a qualitative GLC swivey of 109 sampics
of botiled rice oil shipped between October (967
and October 1968 showed ““sigmficant™ PCBs con-
tent onty in those saniples between February 7 10
10, 1968, The larpest amount was repoited in the
sample of Februmy 7, 1968, but the quantny was not
given. No bottled rice oil samples weie avinlible
for February S and 6. 196S. However, wy the paper
by Kuratsune et al. (77), the mos! marked con-
tamination of boitled rice oil was for that shipped
on February 7, 1968; 2nnd the mavimam chlorme
cunlent was 462 ppm. One may assume that this
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pumber applies to the sample of bottled rice od of
Febitntry 7, 1968 prowng thas sample a PCBs content
of 924 ppmc Kwratsune ¢t al. {72) reporiing the work
of Nagayama et al (/93 mves the PCB analyses Jor
three samples of 1ove Yusho o, isved by thice in-
dependent faenlies with Yusho, as approvimately
800 1o 1000 ppm. Thesc were GLC/MS mea-
sujemcnts  Nagayama of al. (/9) described these
samplus ais follows® " Rice ol used by patwnts with
Yuso (Y usho uil™) 3 samplies of nee oot used by 3
independent famifres with Yusho in 1968, These
samples had been hept in plass bottdes with plass
stoppeis il reom temperature s our laboratory unti
1974 when the analysis woas made. * Kuratsune {13)
poinied out that these three samples weie canned
oil and considered to have been produced and
shipped on February § or 6, 1968, It was reporied
previousty that, bascd on arpanie chiorine determa-
nations, Tsuhamoto et al. t78) reparted an average
PCR content of the canned vt of Tebiuary 5, 1968,
o be 2500 ppm1. Now. based on GLC/MS, we have
a PCH conient of ca. 1000 ppm for the canncd o
sample of Febtuary 5 or 6. 1968.

What ate the pusstble eaplanabians for this dis-
crepancy 1 valnes” One possibihity i< based on the
gssumptions associcd with the method of mea-
sturementt by Tsuhamoto et al. (18} numely, deler-
mination of lotal vrpanic chlorne. Thus, any or-
ganic chlorime present m the riee oil. which was not
a chlovinated biphenyl, would be mcluded in the
PCB anulysis Some possibilitics includer chlor-
natcd dibenzofurans  chlorinated naphthalenegs,
chlovinaied paraffiny, other chionnated abphalics,
and nonbiphenyl aromatics.

Another possibilily 1s related to the distribution,
with ume, of the contarminated rice o samples,
Febipary S, 1968, occurred on a Monduy, The fitst
rice oil saimples reporied 1o contain PCLs were pro-
duced on this duate (/8). IT the feak first occurred
sometinme over the weekend (February 3 and 4,
1968), und production was resumed Monday morn-
ing, ebruaiy 5. 1968, then one would expect the
samples of Lhis date {0 be higher in PCB content.

Therefore, one would expect the first balches
Monday morning to be mghest with 2 diminution of
PCB content with time. Tsukamoto {/8) reported”’
the organic chlwiine content of six canned oiis pro-
duced Monday, Febmary 5, 1968, as follows- 1020,
1170, t07¢, 1080, 1030, and 1500 ppm. In the survey
of bottled vils, Kuraisune et al. (4) reported that
for thove samples where PCBs were found. the
giemest amoont was in the sumples of February 7
{Wednesday)and after February 11, It was inferred
from the puper by Koratsune et (773 that the PCI
conteut of the bottied Hice o samples of Febnuary
7, 1968, was Y24 ppm. In addition, Kutatsune el al,
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{12} gave a value of 134 ppm PCB for a rice ol
produced on UCebruwy 13, 1968, Thus, the available
ditlit does conlicm o diminution of PCB contiiminpg-
uon of the rice off with ume This 15 suminarized in
Table §,

Table 5.
PCB conicnt,

Date Sovrce rpm Method
Feb 5. 1963 Canned o 20053000 Qrpane Cl
Feo Sar 6. 198 Capncd i) of ca 10 GLOMS
Feb 7. %R Bottled vid Pall Orpane C)
Feb 10, 1968 Botutled ol 134 ?
After i ¢b {1 Bouled oil Just deiccuble GLC (™M

1968 .

The iesolution of the varying PCB vatues for the
canncd oil cannot be made. However, Kiratsune
(7) (1976} confumed that the production of rice oil
had been suspended for an unknown penod of time
prier to February 6, 1968, when it resumed.

Dose-Response. There were 1291 Yusho pa-
tients as of Apnl 30, 1975 (20). Of this 1otal group,
the dose-response relatjonsinp was developed {rom
a detaled analysis of 146 patienis (15 16) These
Y46 patients all consumed contaminated canncd fice
ail produced on February 5. 1968 coataining 2000~
3000 ppra PCBs us Kanechlor 400 (/8). Tsukamota
et al. eslimated that the lowest dose producing
symptoms was 0.5 .

If the PCB content of this canned oi} was ca. 1000
ppm. as discussed in the previous section, then the
averape dose producing an overt cffect was 0 8 g,
and the lowest dose producing an ovetl effect was
02¢g. ! ’

Causative Faciors. OQriginally, rice oil con-
tanunated with 2 heal exchanger, Kanechlor 400, a
polychlorinated biphenyl, was associated with
Yusho symplomatology. PCBs were idenlified in
the contaminated rice o)l consumed and in the blood
and lissues of Yusho patients, Therelore, the effects
seen were altnibuled to PCBs.

In the review by Kuratsune et al. ({2), 2 new
factoi was introduced into the system: namely, the
canned rice o] was also contaminated with chilon-
nated dibenzofurans o the extent of S ppm. In ad-
divon. wn this same paper Kuiatsune preseited data
of Nagavuma ¢t al, (/9) showing polvehloninated
dibenzofuians 10 be present in the Hver and adipose
tissue of Yusho patients. white none was found in
thot wia control sroup. The tano of PCB< to PCDFs
in Kancehlor 400, a Yusho ol of Februiry 5 o1 6,
1968, in adipose lissuc and hver from a Yusho pa-
tent were 50.000, 200, 144, and 4, respectively
Thus. relauve 1o Yusho oil, the fiver weh a PCB/
PCDF rutio of 4 and 1 appears o concentrate
PCDEs selectvely relative to PCBs.

Emviroumental ealth Perspectives
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Relutive 1o PCBs, PCDIs are nbout 250 tunes
higher 10 the tice o than i Kancchlor 400 (12, 74),
{1t shoukl be noted that we we cowparing chlon-
pated dibenzofuan cantent of an unused Kanechlor
400 10 Ut after prolonges] use v a bheat exchanger)
PCDFs may also be a factor in Yusho discase. In
anolher paper Nogoyami et ol (2) reported that i
is said that the tovcity of PCDF 1s sand to be from
200 to 500 times that of PCB Al the lower factor
(200), contaminated rice oil would be expected o be
twice as toac as Kancehilor 400, Also, i tlus same
paper Nagsyama et al stated that the symproms
scen in Yusho patients seemed to be moie scvere
than would he evpected just from the PCB intake
associated with the ol

ITPCDIF i 20010 500 times mose toaic than PCB,
then contanuinated niee oil would be 2 to 3.5 times
more (oxic than that expecied from its PCB content
atone. Kuwatsune ot al. (/3) estimated that if the
average amowt of contenunated nice ol ingested by
a Yusho-eaposed person, 1s related solely in terms
of its PCB equivaleni, then the amouat of ol needed
to be ingested, on that basis. would be 1600-2800
ml, At a PCB content of 2500 ppm, this 15 an inges-
tion of 4 1o 7 g of PCBs cqusvalent: whereas 2t a
PCB conicent of 1000 ppm, this s aningestion of 1.6
10 2.8 gm of PCBs equivalent.

The complextties and uncestainties associated
with the most recent reporis of the Yusho incrdent
in Japan, make it extremely difficult to quanufy
possible mman health effccts resulting from eapo-
sure 1o ’Cliis alone.

Occupational Exposure to PCBs

The carliest reports of adverse health cffects due
10 exposure of workers 10 PCBs in this country are
probably those of Schwartz 22), who described
skin fesions and symptoms ol systemic poisoning
among woikers who were said 10 bave inhaled chlo-
rodiphenyis: their complaints included digestive
disturbances, burning of (he cves, impotence, and
hematuria, Patch tests with the chloiodiphenyls
were negative, and Schwarlz specuiated that
mechanical plugging of the follicles of the skin as
the fumes solidified on it were responsible for the
skin lesions. The chlorine piesent in the products
was thougpht to then exert an irntiing effeet on the
plugged follicles and to thus cause suppuration, No
quantitutive duta were reported. but a number of
preventive practices were recommended,

There have been numerous 1eports over the cn-
siing years {23-28) of cutancous eruptiuns and of
systemitc pranilestitions (sometimes fial) as well,
among marine electricns, machinists, eapicitor
and transfotmer manulactuting workers, and others

Junc 1978

occupationally exposed to PCRc However in
many of these reports the exposures are descubed
ns Juving been lo mixlures of chlormated hy-
drocaihons, quite often of chiormated naphithalencs
and PCUw,

The slan lesions descnbed by Schwartz (223 have
come 1o be designated pencrally us chloracne
Cittovucne can be produced by a number of chemg-
cal compounds, wmcluding chlonnated dibenrzafu-
rans and certan isomers of the eliloninated dalep-
zovhiovins (29) Osy skin and lirpe pores seenm to
medispose to the discase. while the opposiie s the
case for smooth, tender skin (Y Chloiacne also
has ocewred among workers engaged in the pro-
duction of 2.4.5-T (31

Pt of the chlovacne tesion resembles adolescent
acne, but it is generully more severe, and lesion
distubution 1s inconsistent with, althongh 1t may be
supcumposed upon. adolescent acne 1t 1s hnown
that chlotuene can be p.oduced by either the svy.
temic absorption of chiorinated biphenvls or the ds-
rect application of chloracnegenic compounds to
the sk, Systemuc eflfects someumes 1esult after
occupational chloracne has manifested usei” these
may include loss of appclile, nausea. cdema of the
facc and hands, abdonwnal pain, vomiung, and
burning and sorcness of the eyes. No fuliv satisfac-
toly cxplanations have been made of the develop-
ment of chloracne. Chloracne is gencrally very per-
sistent, and there s no preferied control measure,
An cxeellent review of this subject is that by Crow
B2}

The U. §. oceupational standards for PCBs are
8-hr time-weighted average exposure himits of 1
mg/m? {skin) for the 4257 chlotnated product, and
0.5 mg/m? (skin) for the 54% chlonnaled product
(CFR. Tutle 29, Part 1910.93) The Nationa! Institute
for Occupational Safely and Hcalth has underway
the prepaiation of eriterin for a recommended stan-
dard for occupational exposure to polychionnmed
biphenyls. in addition (o an environmenial evpo-
surc hmit, this document will provide compichen-
sive recommendations for medical survelllance,
safe work praclices, and enginecning conlrols Lo en-
sure employce protection durtng occup.itional ox-
posure over a working lifeume. 1t 1 scheduled for
transnuttad to the Department of Labor in lute 1976
or carly 1977 NIOSH alvo s undertibing certun
stindies of employee populations (mauniv m U, S,
capacitor fhetories) sn order to better deline the na-
turc and extent of stny chronte and/or life-shortening
clfects of exposure 1o PCB.

Piactically all of the currently available mforma-
tion on worker henlth and PCB eaposure is found in
foreign Idernture. For example, Kawippahen and
Kollio (I4) reported on relattonships between the
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concenttration of PCRsin the blood of all, and i the
udipose Hssues of some. of 29 persons in - good
bt from ihree diffetent employee grotps in
Finlund [Kollo has stated that the capacttior plant
woirkers recerved quanierly heaith exinunations,
gnd. in addition (o the chinical exanunation muade at
the time of the tnvesticaton serinm alhafine phos-
phatase, GOT, and GP T actinrties wee deternuned;
the six emplovees with the highest blood concen-
trations of PCBs also had BSP cyerction tests per-
formed Al restits were soimal In vicw of clamms
bascd on mumal eaperiments that PCBs can induce
liver microsomal cnzyme actinity. the aurthots also
determined the half-time of antipyi:n before and
gftcr phenobarbital induction {] mg pheno-
barbital/hg body werght/day/3 days) for six capacitor
plant employees and six controls, no chzyme induc-
tion was obscrved, Further, because of clams that
PCBs have elfects on steroid metabolism, four
capacitor piant workers were tested for ACTH
{scnm, presumably), all restilts were repoited to be
within the noimal range {fetter from S. Hernberg 10
A. C. Kolbye, Jr., 12/23/75)].

Ninc of the employees had no history of occupa-
tional caposuie 1o PCBs, siv of them had handied
PCB gamples in an anulytical laboratory, and the
other eleven of them had been employed for 6 years
ina capacitor faclory where Aroclor 1242 was used
s the impregnating flurd. 1t wys stated that average
PCB conceatrations in the air of the capacitor fac-
tory had not eacecded “internationaily accepled
limits,” and that special attenuon had been piven to
skin protcction. {The Jormt ILO/WIHO Committee
on Occupationadl Health, in its sih report (36) rec-
ommended for intcrnational adoplion a *“safe con-
centration zone' of 1 mg/m* fui chlonnuted detiva-
tives of diphenyl.]

Tuble 6 thows the ohserved tissue concentrations
of PUCBs: the authors were unable fo dectect any
biological cffects of the approximately 50-fold larger
PCB concentrations in the blood of the capacitor
plant employces, compaied to the "unexposed™
control group. .

Ouw et al. 35) conducied a survey to delermine
the degice of absorption and the health cffeets of
exposuie 1o ““electrical grade’ Aroclor 1242 (that
*did net contain any impurities”’) for varying
periods of time. PCB concentiations in the air of a
capaciton factory in New South Wales, Austraha,
weie measwed, and 34 occupationally exposed em-
ployees (15 mitfes, 19 females, ranging in age from
33 1o 55 years) were exitnuned and compared with
volunteer controls (23 males. 7 fumales ranging in
age from 20 to 50 veurs) having uo history of vecu-
pational exposure to PCHs, It is ooleworthy that
Aroclor 1242 is not manufacimed in Australia.
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Table §. Concentrallon of PCiIs”

PCHs an blood

(I} basis), PCBs n
me'hg adipose fissue
(Tar basis),
Subjects Average  Range mp'kgt
Workers In capacitor 113 100-700 200
faciory H
160
285
615
Persons handhng 53 33-7 Nol analyzed
PCBs tn analytical
luboratory
Persons without any S5.4 }6-9.9 23
spectal eaposure
1o PCBy 1.3

% Daia of K.mippanen and Kotho (J4).
* Indivsdual samples,

" Study parumeters inchided oceupationat and medi-

cal histonies, PCB-in-bluood concentration csu-
matcs, and liver funchion {scrum biliebin, alkaline
phosphatuse, totat piotein, and GPT, and BSP
excretion) tests. The uuthors noted that exposed
warkers tended to compliin of eye, fuce, and shin
“burning,” that the PCB fume™ . . ,has a pungent
smeil w hich often causes persistent beddy odor, and
that the employces with higher blood concentra-
tions of PCBs complained most often of the shin
lesions {one case of chioracne, five cases of *'an
eczematous rash on’’ the legs and hunds), althoueh
there appatently was poor corrclahon of blood
PCBs with the scverity of the complaints, No sig-
nificant hcalth cffects were observed among those
of the 34 workers whosc biood PCB concentralions
were below 200 ppb. There was a siatistically sig-
nificant differcnce between the blood PCD concen-
trations of the eaposcd group and the contiof group
{p" < 0.01). Table 7 shows lhe concentriations of
Aroclor 1242 in the capacitor plant air prior to
and afer exhaust ventilation system '‘improve-
menis'’ had been made. [The Australian National

Teble 7. Aroclor $242 concentralions In the air Inside capacior
plani before and afler improreient of exbiaust ventilation sysiem.*®

Aroclot conceniraiion.

mp/my?

No. Arca in the impregnation room Before After
| In unloading tank in j.ad 0.75

front of exhaus! repister from

opcrator s bresthung zone
2 In untoading tank nol 2.7 0.7

in front of exhaust repisler

Goeneral aimosphete near fank 108 0.18

4 Soldenng area ) 032 0.08

* Data of Quw et al, (§6)
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Hcealth and Mcdical Rescaich Council recom-
mended (37) exposure limit watlues of 1 00 mg/m? foc
PCBs of 42% und 5477 chiviine conlent, respec-
tivciy). Vable 8 shows that there was no lowering of
blood PCD concentrativn among thusc workers
tested two months after the nstallaiion of a more
efficient ealunst ventilanon system und the con-
comitant recommendalion to wear “sutable imper-
vious gloves™ in order 1o reduce PCB absorption
through the skin The authors suppested that a ful-
ure 10 adhere stnctly 1o the glove recommmendation
might explain the continued clevation blood PCB
{evels. Another possibility nught be that PCBs were
continually niobihzed from storage m adipese tis-
suCs,

Table 8. Nean bloed Aroclor $242 lesels before and 2fter bm-
prosement of cahaust ventifutiun Bud the reconimendailon to use
suitable gloves.”

Mean blood Aroclor fevel, pbb

Retention tmes Statstical
relative o Altnn | Belore Alter dilference
0.6% 281.6 an.2 None
{p<ooh)
M 1351 2254 None
{(p < G.0I)
1.41 8.41 524.7 Sipnificant
(p < 0.05)

¢ Dala of Quw et ai (35).

The Japanese Ministry of Labor (Regulation for
the Prevention of Disturbunces due to Specificd
Chemical Substances, under the Act for Sufety and
Hcalth of Workers, of Apnil 28, 1971) cstablished an
occupational envirominentai exposure limit for
PCBs of 0.5 mg/m® at 25°C/1 atm (38). Japanese im-
port of PCBs commenced around 1950, and early
uses were as diclectrics in capacitors and trans-
formeis. In 1954, Kancpafuch Chemical Industry
Co., Lid, siarted PCB production m Japan, and 1t
was al about tlus Ume that chloracne eruptions
among wotkers were first reporied, Shghtly carlier
(1953) incidents of changes atiributable w PCBs in
blood and urine findings among capacitor factory
wotkers, however, were reported by Hara 39,

According to an Ad Hoc Committce sponsored
by the Japancse Environmental Agency (38), PCB
concentrations in the air of a Japancse capacitor
factory (where the major PCB constituent was
“"diphenyi pentachloride'™) were found 1o range
from 0.37 to 6.75 mg/in®: this was between the years
1953 and 1957, and prior to the date when the
aforementioned occupational cyposure ltmit was
promuigaied. The highest concentratton was mei-
sured where PCBs were heated to drive out
entrained/dissolved air. Admuttedly, the analytical
incthodology for PCBs in those years was not as
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refined us that now n usc, but it ts thought hikely
that some employees were exposcd contmually at
concentiabions of several nolhigrams per cubee
meler,

The Jipancse hierature 15 said to iave contaned
no further reports on measuiements of PCRan qr
until the spnng of 1972, just prior 1o the suspension
of therr usage The production of PCBs was discon-
tinued 1 Japan in June 1972, and their miportation
was discontinucd in the followrng Sepicwber At
that me Hasegawa ¢t al (40) 1eported PCB mea-
suremcnts in the air of one 'CB production plant
(Kancchlors 200-600. 0 005-0 02 ppml. four
capacttor manufactunme plants (Kanechlor 300,
0.01-0.05 ppm), and one plant where PCBs
(Kancchior 300) were used #s a heut exchuange
medwm (0 002 ppm) Peak values of U 17 ppm and
0.67 ppm, respectively, were found i a capacior
plant ‘air-nddance’ process wica and tn a capacior
impregnabing area where fank leakage had oc-
eurrcd, EZstimated (presumably 8-hit wark day)
time-weighted average exposures of affected em-
ployees were 0.02-0 03 ppm. Antbvmane PCHs in the
capacitor plants wete teported to consist of 70-807F
vapor fur malerial corresponding to Kanechlor 200,
and of particudates uger than 0.1 um for Kanechlpr
300. The authors attnbuted the 3:1 vapor palticu-
late mix to sclective evaporution of low boilinp
components of Kancchlor 300.

Although no mcasurcments were avallable,
Hasegawa et al. (40) cstimaied that envnonmental
condinions in carbonless copy paper manufactinng
facilnties {using Kanechior 300} were 1aughly similar
{o those found In capacitor factonies Beginning tn
February 1971, PCBs were phased out as the mi-
crocapsular sofvent in this process, being replaced
by SAS or KMC-o0il; however, during the pciiod
from November 1972 to January 1973, when occu-
pationa! health surveys wese beng peiformed gela-
tive to SAS or KMC-oll toxicity, PCB concentra-
tions ol 0.013-0.4 ppb were measuied in the envi-
ronments of these facilities. Generul eavinonmental
coneentrations of PCBs at that ime were fess than
0.0005 ppb, and outdoor PCB concentrations
around the facilitics were 0,0043 ppb #J) and 0 039
ppb /). In an office room where carbonless copy
paper was used, an air concentration }.} pp PCB/m?
was meastned, and in the carbonless copy paper
storage arca of a post office. PCB concennations of
8.7-21.1 pep/m*® were deteeted (42).

The Japanesc Minisiry, 10 its Regolations Tor
Plhysical Examunitions for the Prevention of Dis-
tosbances due 1o Speaific Chemical Substances
{October 14, 1971), advised PCDB uvers to exinnine
cmployces for deamal amd hepane Csympioms’ and
then anaminesis, “subjective symptoms™ such as

167

MONS 206395



anorcxia and asthenia, and wine nrobilinogen, in
the first (pre-employmceni?) physical ¢xumininon,
and to "survey” working contstions, blood tests
and Irver function tests in the “sceondary’™”
(periodic 1e+?) exammantion, A 1973 noliee advised
those uscrs of PCBs as heat exchange fluids Lo per-
form compichensive health surveillance (38}
Yamamoto (47} reporicd © poswive” fibings in 37
cmployees of 323 (totul employment = 706 in 5§
establishments) who were given “special’” physical
cxamindlions n 1971,

Haia (39) reported a 20-30% incidence of dermal
“symptoms,”’ consisting of ‘distinctive hair folli-
cles'” in eaposed areas such as the face. neck, and
foicarm. and mmplelihe shin cruptions of the face
and neck. among employees 1n a capacitor factory
that had been 0 operation between 1953 and 1963
{pentachlosobiphenyls, 1953-1957; Kanechlor 300,
1958-on) No other (¢ g, hepatic) dysfunction was
observed, and no guantitative snformution was re-
ported it the teference fiom which the preceding
report was obtmined: however, 1n a follow-up sur-
vey of woikers in ¢apacitor [actories, Hara et al,
{44) reported that one year after the suspension of
PCB usage skin indings had become milder,

Hascgawa ¢t al. (¢0) reported ona 1972 sutvey of
cupacitor factanies, 1n which they noted that per-
sons working in environments that contained
0.2-0.3 mp PCB/m® (0 02-0.03 ppm) showed der-
matologic ailments that included ““brown
chromodermalosis'® of the dorsal joints of the hands
and finpers and nail bed, and ‘‘acncform
exanthema.'* Several cases of comedo or acneform
exanthema of the jaw, back, and thighs were seen
glso. These sians wete no longer observed one
month aflter the cessation of the handling of PCBs,

In a factory where Kancchlor 300 was employ ed
as a heat exchange medium, the environmental con-
centration of PCBs was repoited to be 0,02/mp/m?,
and no dermal manifestations were observed among
its employees (7). Nor did Hashimoto (43) observe
any abnormabties among 236 worhers in such a
fucility, to whom he administered *'examination
centered around liver function tests,”

In 1972, when Hasegawa et al. (#0) performed a
heulth survey of workers in ¢arbontess copy paper
factorics (2 years after the use of PCBs in such pro-
cesses had ceased) they noted no dermal effects,
and no liver function. blood. or urine lest abnor-
malities were seen, with the eaception of “slight
abnormalities'’ in hipid metabolism, PCB levels an
the blood of these woilers were reporied as “‘ap-
proaimatety 0.01-0 02 ppm.”” or what amounted 1o
ndeerease to 1077 of the tevels duiing the perod of
PCB usage. "L he data indicated that PCOs collected
fiom the work utnusphere had apparently degraded
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10 a product containing one Iess chloring atom than
the average number af chiine atoms in the PCHe
handled in the factory. and that. conversely, the
PCBs found in the worhers” bluood contiined one
more chionne atom than drf the PCBs handled n
the factory. i .. if the PCUs found 1 the wairkery”
blood were inhaled at the workplagce, 1t ¢in be sur.
nused that the di- and tichlorobiphenyls dispp-
pearcd 1apidly fromy the body, wherens the let-
rachlorobiphenyl wis metabohized sfowiy.

Hasegawa ef al. (40} concluded that blood
analysts 15 a feasible method for detesmiming body
burdens of PCBs. and “probably mote useful than
the technique presently used by extracting adipose
nissuc and usmng it for PCB.' urmalysis for PCOs
tid not appeal to them us a vuble monorning
method. They noted. however, that there was no
correhition between fength of employment tand pre-
sumably, duration of exposure) and the amount of
PCBs secumulared 1 the blood., i.e . with continued
eaposure, PCB levels 1n the blood did not increase
linearly: in light of the demonstrated slow excretion
rate of PCBs from 1he body, the auihors conjec-
tured that some differcnt brotransformative
mechanism comes into play after blood PCB levels
exceed approximitely | ppm {perhaps fut storage).
This would scem to helic their confidence jn blood
analysis as a reliable index of exposure,

Katamura et al 46} 1eported that the mean PCB
level in the blood of ten capacitor luctory workers
was 0.82 ppm (0 32-2 | ppm) immeduitely after the
cessation of PCB usage and 0.3! ppm 3 months
later, when almost all of the subjects were observed
10 have skin signs. It seems significant that the
blood PCB concentrations observed an this study
were several fold higher than those seen by
Hasegawa et al. (#0), Kitamura et 21, (46} attnibuted
the skin effects to PCBs accumulated in the work-
ers' bodies during the period of PCB usage. No
other abnormalities wete reported.

Sagami et al, {47) reported the case of a housewife
in whom they observed skin effects several years
after she had left 6 years of employment in a
capacitor factory. She was found to have PCB con-
centrations of up te 0.13 ppm in her blood and of 42
ppm in samples her subculancous adipose tissue:
this contrasted sharply with the findengs of Hara et
al, {(44) that the blood PCB levels of three wotkers
who remained at the same factory had decreased to
= 0.05 ppm one year after the cessation of PCB
usage [from levels of 0.05-0.3 ppm during the time
of PCB usage HOY).

Some capacitor manufacturers in the U, S, use
eporide-ty pe alkylating agents is adiditives 1 pro-
long the service [ife of PCBs. EPA scc. 308 re-
sponses fram the Geneal Electiic Co., probably
contain identifying data,
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Alr and Waler Exposure to PCBs

Ay indiguted previously, nomimal human expo.
sure to PCRBy 0 the U S populatron may aceur from
air and water. Samples of ambient ar vwere col-
lected in sitburban ureas of Miums, lorida;
Jackson. Massisippi, and Fort Collins. Colorade.
Pieliminury resulis 148) for samples tahen in Aprd,
May, and Junc of 1975 show that PCDOs were pres.
ent at all locations, Although the diuta vaned, the
average concenirairons at cach of the three loca.

"tions way upproximately 100 ng'm' tmtiad identin-

cation of the PCBs indicated that they were most
comparable to the Ajockor 1284 standmd

Dennis (¢} has reported that data gathered from
monitoring activities of surfoce waters and bottom
sediments of the major diamage busms of the
United States sndicate the widespread occurrence
of PCD in both sirlace waler and bottom deposits,
A preliminiary assessment of PCB fevels shows
mean residse levels an waler ranged frdim 0 01 1o
0.05 pp/l. The 0.05 up! were found in the South
Atlanuc Sfope and Castern Gulf of Mevico dramnage
basin. In general, the lowest PCB residue levels
were found in drainsge basins west of the Missis-
sippi.

Klewneat (50) has summarized the work completed
by the Wisconsin Depariment of Natural Resources
to identify some PCB sources in the environmentn
Wisconsin, Effluents from cooling water in
gluminum foundries cantwned PCBs ranging from
F1.5 to 335 ppb. lavestipattons revesled the com-
mon souree to be leaking hydraulic Nuids contuning
PCEs which were used tn die cast machmnes,
Efflucnts from paper milis that recycle wasiepapers
has measurable discharges ranging from 0.01 to 25
ppb.

Snow samples (50) were collected early in 1975,
Analysis of the snow meit water from Racine,
Kenosha, Madison. and Miwaukee revealed con-
centrations fiom 0.17 to 0,24 ppb. The author con-
cludes that these values sugges! that fallout of PCBs
from the air may be a principat source of PCBs en-
fering the waters of the state.

Hesse (5/) indicates that, similar o the studies in
Wisconsin. not all industrial ¢ffluents tested in
Michigan contain meascrable PCB levels, In testung
over 900 indusinial samples. approumately 40%
contained PCBs above the 0.1 pgl laboratory sen-
sitivity Hmit. Of the industries fested. 23%¢ had
greater than 0.5 pgfd., 18% greater than | pel | 65
greater than 10 ugel | and 2% grenater than 100 ppedl.

Although mueh of the PCBy enicnng munieipal
waste treatment faailities are removed and become
incorporated mto the waste sludge, a sampling of 58
municipal wastewater treatment plant ¢[fluents

Junc 1978

thtoughout Michigan 1n 1973 showed an average
concentration of 0 52 ug/l, Concenirstions of I'Clis
are much higher i the sludpes. The averaze for all
plants was 15.6 mphg withandivadial values as high
as 350 mp kg Since sewape sludges are commonly
disposed of by ncincrabon, spreading on agnieale
twral land, or placing n Jandfills, the addison of
PCBs to the epvironment ss obvious.

Residues of PCBs in Buman Tissue and Milk

Yobs (52} has1eported that 31 19 of 637 samples
of human adipose tssue cotlected from the pencial
population as part of the Human Monnoring Suinvey
during 1971 were posiive for PCBs inneasurable
amounts. These samples were collected 1n 18 stites
and the District o Columtun and postive samples
were obtasned from cach of the samphing states and
Distnict, The distiibution of PCB levels ranged from
34 277 none delected, 33.3% < | ppm, 27.3 % 1-2
ppm, and 5.2%¢ > 5 2 ppm.

Kutz and Strassman (53) have described the re-
sults of PCB monitoring during fiscal year s 1973 uand
1974 i which 35,197 and 40.3%., respectively, of the
tissues collected contamed levels of | ppm or more
of PCBs on a net-weight busis. Analysis of the tis-
sue revealed thitt the compounds found in adipose
tissue weie most comparitble to those prevalentn
Aroclor 1254 and Aroclor 1260. Additional analy vis
indicated that the most frequently encountered PCR
residues were penta-, hexa-, and heptachlo-
robiphenyl compounds,

Residues of PCBs have also been detected v o
study of uman mtlh collected 1n Colorado where B
or 40 samples contained residues ranging fiom 40 to
100 ppb (54).

A study of adipose tissue sampies collecied at
autopsy from Carnuadians (55) indicates that the
majonty of Canadians have adipose tissuc residucs
of | to 2 mp/kg of PCB. AN adipose tissues had
dctectable levels of PCBs and 30% of the samples
had PCB residues greater than | mg/kg with a range
of 0.11 to 6.60 mphg. PCB residucs in human milk
from Ontario residents were found 1o be approxi-
mately | mg/kg on a fat basis.

Polybrominated Biphenyls
Introduction and Background

The polybrominated tiphenyls (PBBs) in this re-
port refers to cither FireMaster BP'6 or hevn-
bromobipheny! manufactured by Michigan Cliene
cal Corporation for use as a flame retardant for
thicrmoplastics. This product 15 a nuquie of bronw-
nated biplienyls with an average bronune content
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cynivalent to about s1x bromine stoms per biphenyd
molecule. FuceMaster BI%0 s o nuxture of the fol.
lowing bromin.ted biphenyls. teuabiamubiphenyl,
20%: pemtabromabiphenyl. 10 6% :  hexa-
bromobiphenyl, 62 8%, heptabromobiphenyl,
13.8%, other bromobnphenyls, 11 .4%.

The Michigsn Chemicil Couporaston has stated
(36) thal, to ther hnowledge, FuceMaster BP-Gis the
only pofybtominated biphenyl produced i com-
mereia] guantity in the U. S, Their prodhction est-
mates are- 1970, 20,000 1b, 1971, 200.000 1b, 1972,
2,300,000 1b. 1973, 3,900,000 tb, 1974 (projected)
4,800.000 1b.

Firemaster BP-6 has been used as a Aame tetar-
dant in the manufactine of typewriter, calculator
and mictofifm 1eader housings, radio and TV parts,
miscellancous smal! automative parts and small
parts for clectical apphientions. The use of Fire-
Master B1-6 has been restricted to those applica-
tions wherc the end-use product is not exposed to
either animal feed or food and there 15 no known use
in flame retarding fubries where human cxposure
would occur.

The vitimite disposition of FireMaster BP-6 upon
buiial is uncertiun, The Michipan Chemical Cotpo-
ration has stated thit in their opinion this material
will cveninally undetpo oxidative biclogend depra-
glalion forming carbon dioaide, waler and bromude
ion,

Human Exposure

in October of 1973, adverse health cffects were
obscrved in cattle in several dairy herds mn the Stte
of Michigan At that ime, the cattle refused 1o eat
manufuctured feed; milk production decieased:
theie was a loss in body weight and the cattle de-
veloped whnormal hoof growth with lameness: cat-
tle aad swine aborted, und farmers reported the ina-
bility to bieed herfers after they consumed feed
manufactured by 1°atm Bureau Services. A herd of
some 100 head of cattle sent to slaughter during this
lime period eahibited enlarged livers.

-

Analysis of samples of the suspected feed by
faboratarics of 1he U, S. Depmtment of Agnicuiture
at Belisville, Maryland, revealed that the feed was
contamunated with a Aume retardant chewnical,
hexabrananated biphienyl, Subsequentinvestigation
revesled thit the Michigan Chemical Corporation
munufaciured magnesium oxide. a dairy feed sup.
plement sold undet the tradenume Nutnihlaster, and
a Mlume 1etardant. hexubrominated biphenyl, sofd
under 1he tradenime FireMaster BP-6 Both of
these proditets were divtributed in biawn paper
bags with cuther the name NutriMuster or Fire-
Master stenciled acress the top of the bag When
the top of the bug was torn off und discarded, 1den-
tfication was osseotially lost,

As the result of a nun-up in bags. TireMaster
BP-6 was muaed wath animal feed in place of the
NutiidMaster. apparcntly in the same proportion of
use for the NutnidMaster. [t appcars that three hinds
of feed were untially volved in this episode with
PBL levels as follows, Feed No. 405, 2.4 ppm PBB;
Feed No. 410. 1790 ppm PBB. Fecd No. 407, 4300
ppm PBB.

Samples of nufk collected from individual farms
soon afler the PBB wus wlentified as the contam-
nunt ranged from 2.8 ppm on a fat basis to 270.5
ppm on a fat basis Other products seized and de-
stioyed included: butter (1-2 ppm). cheese (1.4-15.0
ppm}: canncd mulk {1 15-1.62 ppm)

It has been estimated that between the onset of
contamination in the fall of 1973 and the cstablish-
ment of the quarantine of affected herds and flocks
in the spring of 1974 over 10.000 Michighn residents
have been cxposed to PBB through the consump-
non of contaminated mitk, meat and other dairy
products. There wns piobably considerable varia-
tion in both length of eaposine and levels of expo-
sure. As a group, the farm family members have
been at greatest risk followed by those individuals
who purchased dairy products from conlaminaled
farms on a regular basss.

In order to determine whether or not persons ex-
posed to PBB-contaminated products had suffered

Table 9. Distribution of PR blvod icvels, Michipan, 1974,

Quarantined farms

Nongquarantined farms

Adults Children Adulis Chaldren
PRI blood tevel, ppm No, % Mo, % No. % No, %
0 3 E 3 J. — 2) 284 - —
0.002-0 619 £ 524 % %6 52 703 29 96.7
© 0200 050 9 02 10 »3 1 4 1 33
01000 490 i 14 ] 0.7 0 0 0 [+
0.400-2 260 6 1) 7 25.0 0 . L 0 0
Tolal $2 100.0 28 100.0 4 o 30 100
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Table 10. Comparhwon of ' concontratbns iy hunn an bruast mitk
aud blood plasma.

Phn ks, ppm

Daie - Dreus) mik  Blood plaanas
12774 ] 10.500 0.082
o4 22.700 0 252
1074 1.800 0014
s 0.210 0.003
yis 92.660 1.068

Table 11, Coniparison of PRI concuntrations in human adipose
lissue and biovd plasmu,

PHL evels, ppm

Date Adiposce tissue Blood plasmul
11/4 0.4i0 0.002
&14-1ns 1.400 0.005
ans 3.000 0.012
s 174 000 1 068
ans 0,248 0 002
s 0274 0,003
4115 0477 0003
4775 0.152 0003
4115 1.140 0 00d
415 0.808 0.004
415 0.530 0.007
4115 0.210 0.003
575 1.110 0.00)

any acule adverse heaith effects, the Michigan De-
partment of Public Health undertook a scries of
studies in the summicr and fall of 1974, Siudy par-
ticipants for the cxposed group were dairy farm res-
idents from furms which had been quarantined by
the Michigan Depariment of Apriculture, The ex-
posed subjecls werc limited to those who had lived
or worked on the quatuntined dairy farms for more
than six months since May of 1973. Noncaposed
subjects were 1andomly selected from a Iist of dairy
producers in the same peographical arca where
farms had not been quarantined.

A total of 298 persons were interviewed in the
study and physical examinations and/or blood sam-
ples were oblained for 110 persons in the exposed
group and 104 persons from the control group.

The Michignn Department of Public Heulth has
reporicd (57) that pesponses to a sct of 24 spectflic
medical conditions revealed that none of the health
complaints occurred consistently in either of the
study prolips. Statistical analysis showed that none
of the listed complaints was significantly more fre-
quent in those persons with the highest PBB levels
when compared to other study subjects. Physical
examinations of adults and children showeil no un-
usval abnormalities of the heart, hver, spleen or
nervous system, Urinalyses and complete blood
counis did not reveal a significam encess of unusual
abnormalitics related to exposure to PRD levels.

Junc 1978

These studlies showed that blood levels of PO
were signifiwantly higher tn the study subjeers from
gquessrantined Tanms as comparet] to those Hiom the
nongirantined fagms. dlthone)y some subiects fiom
the fmm showed low PBB blood levets (Tuble 9

Scverat exposed females delivered norinal babies
without compheation, Tests shiowed congentiations
of PBDB  breast mulk fo be considerably higher than
that found i pinred blood plasma (Table {0).

Paited samples of adipose ttssie and blood were
collected in a group of 13 indnaduals entering the
bospital for surpical procedores, The coneentratian
of PIIB inadipose trissuc tanged Ntom 61 10 370 times
the BB value found tn blood plasima with un aver-
ape ritio of 175 to | {Table 11),

Reports of health complaints such as nunibness,
stomach pam, headuche, fatigue and anvicty con-
tinue 1o be reported 1 1hE Vinous newspapery
Michigan. Reports have also appeared in the piess
that several physicuns in Michigan have repmiied
abnotmal hiver function tests in paticats exposed to
PBB. Attempis Lo verdy these reports with physi-
cians have been unsuceessiul,
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