Gas Chromatographic Characteristics of Authentic Chlormnted Dxbemofum,,,
Idcntification of Two Isomers in American and Japanese

Polychlorinated Biphenyls

Retontion times of 15 authentic standatds of chio-
rinated dibenzofurans containing from three to six
chiorine atoms were dutermined relative to diel-
drin on gas chromatograph columns of four differ-
ent polarities (3% OV.1; 5% SP-2401; 1.5% OV-
17/1.98% QF-1; and 3% OV-I/E% OV-210/8% OV
225). On the basis of of the d

)

L TTT—
with extracts from Amencan 1Aro¢lor
nese (K ) polychl ) .'-'i‘dl-J.p,.

(PCB), two of the compounds in those extrae
bave been identified as 2,3,7,8-tetrs. M;
23478‘pcntnchlorod1bmzofurn . The concen.

the ds were estimate
range from 0.08 t0 083 ug/g of PCB, shed to

Vos ot al. (1970) have identified toxic ts of Eu-

T ———

ropean polychlorinated biphenyls (PCB) as two chlorinat-
od dibsnzofurans. Subsequently, several additional chlori-
nated dibenzofurans ware found in the German prepara-
tion examined by Vos et al. (Bowes et al,, 1073). Further i in-
vostigations have led to the detection by high.resol

Compounds having the same a chro

tion times on th:" OV.-1 col ; mlﬁ!mnhie N
ptovioully by mass spectrometry n chlorin ted

vans in the Aroclor PCB wera isclated l: m:til:’nu.’:
from lhc Japanese PCB. Tho gos ehmmnquplue toche
niques d ibed for the A

mass spectrometry of those contaminants in Americen
(Aroclor) PCB (Bowes et al., 1975). A recent study reports
unidentified tri., tetra., and possibly p hlorodibenzo-

quumﬁemon) were used for the Knnochlor extracts,
Gas with the forexcing

1

furan components in Kanechlor 400 (Roach and Pomer.
antz, 1074). Kuratsune ot al. (1972) have identified Ka-
nechlor 400 as the agent ruponnblo for Yusho, a r.oxu: sym-
drome in h who have { it rico oxl
The ted high toxici of the chl d
rans (Vs ot al., 1970) and tlmr presance in PCB hnvo
phdlym.hmil of authenti and d
tion of their effects on induction of the on;ym- aryl hydro-
earbon hydroxylon (Kende ot al,, 1974), ’l‘ho present paper
reports gas p istics of those stan-
dards, and the id tification of two i in Ameri
and Japansse PCB based on co-injections of the dard
with extracts from the PCB.

EXPERIMENTAL SECTION
Bynthesis of Chiorinated Dibenzofurans. Authentic
dibenzofuran donvmvn (Table 1) were synthesized by re-
ific ds and characterized by proton magnetic
and m (Kondo et al,, 1974).
Extraction of Chlorhuud Dibn:ohanm from PCB.

yses, 16 chlomutad dnhenwfunm con

three to mx chlorine atoms were m]omd mmt:ulmnd‘n;:
graphs having elect The ret
times rel to dieldri vl!r fully d ined {xl%
on four columns of different polwtln (Thompson et al,
1969; Canada, Department of National Health and Wele
fare, 1973).

Instruments and chromatographic conditions are listed
below: (1, Micro Tek 220): (a) column: 3% OV-1 on 100-i20
mesh Supelcoport, 6 ft X 4 mm i.d., glass; (b) detector:
$3NJ; (c) detactor, inlet, and oven temperatures, 213, 225,
and 195°, respectively; (d) column flow: 50 cm® of Ny/ming
(e) purge flow: 55 cm3 of No/min; (2, Micra Tak 2201 (e}
column: 6% SP.2401 (= QF-1, Supelco, Inc., Bellsfonts,
Pa.) on 100-120 mesh Supelcoport, 6 ft X 4 mm i.d., sl
(b) detector: 83Ni: (c) detector, inlet, and oven tsmpers
tures: 273, 226, and 200°, respectively; (d) column flow: 58
em? of N,/nnn, (8) purge flow: 55 em? of Np/min; (3, Varian
1440): (a) column: 1.5% OV-17/1.95% QF-1 on 100-120
mesh Chromosorb W, acid washed, DMCS treated, 6 ft X 2
mmnd glass; (b) detector: °H; (¢) domwr inlet, and twes

and Quantification, Aroclor 1248 and 1264 p
(obtained in 1969 from Monsanto) ware placod on Florisil
columns, slutad in nlvont: of mmnin[ polarity, and par-
titioned over alumina as describ: (Bowes ot al.,
1076). The latter separation yielded mixtures of chlori:

228, 230, and 192' respectively; (d) column
flow 35 cm? of Nq/mm' (4, Vnrmn 1440): (a) columan: I~
OV-1/5% OV-210, 5 ft + 3% OV-1/8% OV-225, 0.5 ft on
60--80 mesh Chromasorb W, acid washed, 4 mm i.d,, glasms

(b) det : 3H; (o) d , inlet, and oven temperatures

od dibenzofurans mom.hlly free of PCB interference.

of ex i from use of
thm techniques are Illuntnud in Bowas et al, (1975) for
Aroclor 1254 md in Bovm otal. (1973) for Clophon A-60, 8

232, 220, and 213°, respectively; (d) column flow: 40 cm® of
Ny/min.

RESULTS AND DISCUSSION

Qerman PCB. C fons of were
made with one or more fractions recovered from the Florisil
column (and passed over alumina) for each PCB. All chlori-
mud dibenzofurans munlly were found in the first three

times of the 15 authentic dibenzofurans reta~
tivo to dieldrin ranged from 0.88 to 5.37 (Table 1); thess are
within the range of retention times of the common chluri

nated pasticides and PCB. The gas chromstographic pas

tions. Oncs coll of dibenzof peak
with extract peak wae established on the four GC columns
(duscribed below) for one or more lnctlom from each PCB,

are the same as those used for the pesticides and
PCB.

isomor ions were esti d for each fi

Xndivnd\nl ;om_mtnom of 2,3,7,8- tetra- -nd 23473
di

with f d from Aror

by
assuming a peak having the same retention time " the di-
benrofuran isomer is thet d, and the

clor 1248 and 1254 and Kanechlor 200 and 500 showd co-

concamrullonl for all fractions if the peak occurced on the

the OV-1 col was used for this basis of

compnrinon). Compounds were quantified with the use of

standard curves based on injections of different amounts of
the spproprinte dibenvofuran isomor.

For the prosent study, the aame oxtraction and partition-

fug techniques were applied to Kanechlor 200 and 500.

1222 J. Agric. Food Chem., Vol. 23, No. 8, 1975

of isomer retention tims with peaks in the feace
tions on all four columns, with the exception that on OV-
17/QF-1 the 2,3,7.8 compound eluted in an unresolved re-
gion between two large peaks in the Aroclor 1254 Iraction.
The retention time of 1,3,8,7-tetrachlorodibenzofuran lso
coincided upon coinjection with that of a peak in the is>-
lates from all four PCB on the OV-1 and SP-2401 columna
but definitive peak matches on the other two coluran ¥~
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1 columoa,
slumn sys-

‘vable 1. Gas Chromatograph Retention
Times of Authentic Chlorinated 1)ibenzofurans
Relative to Dicldrin

Column

Structure SP- OV-11/ oOv-i/

of compd ov-1 2401 QF-1 210/225
2,3,8-C1y 0.82 0.68 0.83 0.77
2,3,8-Cy, 0.85% 0.72 0.88 0.80
2,34-Cly 0.87 0.7t 0.80 0.81
1,3,7,8-Cl, 1.26 0.89 1.21 1.02
1,3,8,7-Cl, 1.20 0.92 1.26 1.09
2,3,6,8-Cl, 1.42 110 174 1.28
2,4,8,7-C)¢ 142 1.18 1.59 1.32
3,3,7,8-c, 1.57 1.28 1.70 1.30
2,3,8,7-C1, 1.64 1.3¢ 1.92 1.56
8,4,8,7-C1, 1.68 147 1.98 1.64
1,3,3,7,8-Cl; 2.70 1.84 3.08 2.15
1,3,3,8,1-C)y 274 187 318 220
2,3,4,1,8-Cly 2.96 2.29 3.66 2.66
2,3,4,6,7-Cl 3.04 2.39 3.80 3.01
1,2,3,6,7,8-Clg 4.13 3.11 5.37 am

tems ware not possible b of interfe from over-

lappi ks,

pgn“t.h':”bni- of the procedures described, 2,3,7,8-tetra-
chlorodibeneofuran (I) and 2,9,4,7,8- pentachiorodibenzofur-
an (IIT) appear to be pressnt in Aroclor 1248 and 1254 and
Kanechlor 200 and 500. The presence of the 1,3,6,7 isomer
(1) in the PCB cannot be considered established to the
same extent. The retention times relative to dieldrin on an
OV-1 column for a tetra- and a pentachlorinated dibenzo-
furan identified in Clophen A-60 (Bowes et al., 1973; note
Figure 1, peaks B and E) are the same as thoss Tmmd

COMMUNICATIONS

Tablc I1, Concentration of Chlorinated
Dibenzofuran Isomers in PCB (ug/g of PCB)

PCB
Aro-  Aro- Kane- Kane-
Structure clor clor ¢hlor  chlor
of compd 1248 1254 200 500
2,3,7,8-C1, () 0.33 on 0.10 0.19
2,3,4,7,8-Clg (1) 0.83 012 010 0.08
bryo bi have d d that the ability of

2,3,7,8-tetrachloro- and 2,3,4,7,8-pentachlorodibenzofuran
to effect induction of aryl hyd bon hydroxylase is com-
parable to that of 2,3,7.8-(e'uchlorodihamo-p-din:in
(Kende et al., 1974); this property was characteristic of all
polychlorodioxins tested (Poland and Glover, 1973). Our
findings point to compounds I and II1 as possible sources of
toxicity of commercial PCB.
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The accumulation
continues
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BY A. KARIM AHMED

POLYCHLORINATED BIPHENYLS (PCBs) were [irst introduced into
commercial use more than 45 years ago, and for a long time the
widely used industrial chemicals were considered to be relatively non-
toxic. Their potential threat 1o the environment. however, was recog-
nized in 1966, when the Swedish scientist, S. Jensen, observed the
presence of the compounds in fish and wildlife sainples while analyzing
for chlorinated hydrocarbon pesticide residues.'*? Since that initial
discovery. PCBs have been detected in numerous aquatic and animat
species and have been found in high concentrations in industrial waste
discharges, river-bottom sediments, tfood packaging materials. and in
foods such as poultry, fish. and dairy products. Detectable levels of
the chemical substance havé been found in marine life ranging in size
from small (plankton and zooplankton)®*-* to lurge species (tuna).*
High levels of PCBs have been found in (ish-eating und predatory
birds.”-#:%:!® demonstrating the process of concentration of the sub-
stance along the food chain from lower to higher animals.! ' a process
which unfortunately has become all too well known in the era of
moidern industrial and agricultural activity. Relatively large concentra-
tions of PCBs also have been discovered in tne eggs of wild
birds.+%:12
During the past ten years, PCB residues have been analyzed in wild-
lite and fish sumples in Holtand. Germany, and the Buaitic Sea.” ' Off
the coast of Scotland, PCB residues have been lound in several marine
specics, the contutnination presumably having arisen from sewage
wastes dumped into the open sea.!* Nevertheless, despite ylobal inci-
dence of the chemical in the environment, residues are generally found
mostly in regions of the world where there is intense industrial and
urban activity. In the U.S.. PCBs n increusing amounts have been
detected in the eustern and western coastal cegions. in highly urbanized
areas (for instance, in and around the Chesapeake Bay, San Francisco
Bay. und Puget Sound). and in regions where industrial discharges are
known to occur. such as Escambia Buy. Florida. amd the Hudson
River. 118,167
The enviconmental accnnulation of PCB residues continues dospite
attempts by both industry and the federal government to improve the
situation. As will be explained. industey’s countermeasures have L"_E"
Maren 1910\
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limited, and goverament action has
been hesitant.

in the U.S,, the impact of rcus on
the i is best ilb d by
ever Increasing contamination of sport
and commercial fisheties in the Grear
Lakes rcgion and etsewhere. Avcording
to data from the Michigan Department
of Natural Resources, Ievels of rCs in
lske trout and Coho salmon from Lake
Michignn showed 3 sharply increasing
trend tince 1972, By 1974, the values
ranged from more than 10 to nearly
2$ parts per million (ppm), well above
the present Food and Drug Administra-
tion's (FvA’s) moximum. allowable
concentration of 5 ppm for fish and
shelifish.'®  In sharp contras, oY
levels in the same species of (ish
showed 1 declining trend since 1970,
when DDT consumption in the U.S.

il Not only are the eco-
logical consequences of continued PC I8
contamination ominous, but the poten-
tial economic implications are serious,
tince the total annusl value of spost
fishing in Lakc Michigan is as high as
$46.5 million.'” In addition, the com-
mercis! catch of fish is now worth
about $2.5 million each year.?®

Tha studies are supp
by studies made by the Wisconsin De
partment of Natural Resources. Fish
samples collected in 1974 showed ex-
tensive contamination.' Affected
types included Chinook salmon, Coho
mimon, brown trout, tiger trout, lake
trout, whitefish, and corp. Genenally,
the residue levels ranged weil above §
ppm, with lake trout (up to 43.8 ppm)
and carp (up to S51.6 ppm) showing
the highest concentrations.

In the Upper Fox River, samples
taken st one station by Wisconsin re-
sarchers in 1975 showed high concen-
trations of Pc@s in white suckers (32.7
ppm), carp (average 35.9 ppm), and
northern pike (average 154 ppm)
Sampies from several sreas of the Mis-
sissippi River anslyzed by the depart-
ment in 1973 showed similar reﬂduu

STRUCTURE OF Pcss

Polychlorinated biphenyls (rces) is a generic term used for a
number of synthetic organic compounds that postess the fol-
lowing chemical structure:

(-] ci <l <l

< a o €1 ¢1 = Chiorine stom

Pcas are 3 mixtuca ol difterent chiorinated biphenyl
homologs (very closoly related chemical substances). Thus,
different Pce formulations or products may contain mix.
tures of biphenyls which have difterent percentages of the
many possible chlorinated homologs, each containing 3 @it~
ferent number of chiorine atoms per biphenyl moleculs.
Monsanto Company, the sots U.S. producer of pcus, selis its
product under the trade name Aroclor. This product is sold
under difterent formulations: Aroclor 1268, 1262, 1260,
1254, 1248, 1242, 1232, 1221, 1016, and so on. The last

fine in the mixture. Arocior

two digits in this bipheny! series denote percentage of chio-

1016 is an exception to this

since it

tact, very similar in composition to Aroc!or 1242. Trace

41 percent chiorine and is, in

names uted by foreign
Pyr ene (Prodelec, France),
'uchi Chemical C

and
Kannochlnr and  Sentotherm

Germany), Fencior (Cattaro, |

. vnp-cuvoty, Japan), Clophen (1. G. Farben-industrle A_G.,

y and Mitsibe M

taty), and Sorol (U.S.S.R.).

PCB residue levels ranging between
1.11 and 197.0 ppm.

To date, howevsr, the most contami-
nated (ish in the U.S. have been found
in the upper reaches of the ‘Hudson
River, near and below two Genersl
Electric plants in the Fort Edward-
Hudson Falls sres in the upper Hudson
River more than 40 miles north of Al-
bany. The two plants manufacture
electrical capacitors in which PCBs are
used 8s insulsting fluids. (n 1974,

of PCBs in walleyed pike, lar

bass, northern redhorse, and carp, An

interagency task fom on PCBhs,

formed of udcnl and mer-l state
of N and V

by the U.S. Environmental
Protection Agency (EPA) showed yel.
low perch and shiner minnows to con-
tain sverage PCO residues of 17 and 78

sampted fish in the Mississippi River
during the early summer of 1975 and
apain found similar_lcvels of PCBs in
severa! fish species.’?

Elsswhere, the Division of Fish snd
Game of the Commeonwesith of Masss-
chusetts has in the past Jetected high
?Ch levels in fish in uver:l tivers and
sreams In the state.’’ From other
data collected by tha agency, it is clear
that in 1972 there was extensive con-
taminstion of u large variety of fish
tpecies in nearly all the rivers which
wers sampled in the state, with mean

Envirenment, voi. 18, No, 2

ppm, respectively, with one rock bass
sampie contsining 350 ppm.’* It ap-
peared that the two General Electric
plants had been discharging approxic
mately 30 pounds of rCHs into the
river each day; in recent months, this
amount seems to have declined to less

vilues of 403.4 ppm (concentration

measured as Aroclor 1016/1242).23
As large amounts of PCEs wete
being discovered in the upper Hudson
River, New York State Department
officials also were finding high residues
of rcas in fish species of recreational
and commercial importance (arther
south in the Hudson River.!® Strped
bass caught near the Albany area
showed total PCB residue values of
between 11.08 and 89.76 ppm. Fish
caught in the lower reaches of the river
had a relatively higher concentration of
an older rcu lormul.mon (Aroclor
1254), indi
of rCBs dlmmud by mdullml mm-
ties in the past. Striped bass sampled
near the West Point and Tappan Zes
area of the Hudson River (50 miles
north of New York City and severat
hundrd miles south of the Fort Ed-
L Falls ares where the Gen.

than 10 pounds per day. Fish samples
collected in 197§ by the New York
State Department of Environmental
Conservation confirm the earlicr find-
ings. The composite FCBb averages in
fish caught ncar one plant show (ypical
values well above 20 ppm, with one
American eel sample yielding residue

-ul Elumc plants are located) had
total PCB residues aof from 1,16 to
7.54 ppm. Similarly, a sample of
American shad in the Poughkeepsie
ares showed PCD residue levels of 9.0
ppm.

Disruption of the striped bass com-
mercial fishing industzy on tha Hudson

7
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Mg tsvals of PCBL have Besn dstecivd in aquatic Birds.,

River would have serious economic
consequences, since the value of the
annual commercil cateh ;Aﬂ:em 1o be
about S1.2 milion* 273N 4y addie
tion, the annuwil take of striped bass by
sportsimen exceeds the sanual commer-
ial cateh,’™ Furthermore, the overall
problem 1y seous in its relution to re-
production in striped bass, The striped
buss is o nugratory fish which has
stock thut intermingles in vacious locu-
tions such us the Chesapeuke Bay, the
Delaware River, and 1the Hudson River
regions. As » result, "Ub contamini-
tion may aifect a lurge segment of the
entire North Atluntic stock of striped
buss.

Bottom Buildup

Qf cqual voncem is the accumulstion
of FCUs i nver-bottom sediments.
rens, ke most chloemated hydrocar.
" hons, ure highly insoluble in water and
tend 1o settle and then be adsorbed on
st and fine particles on the bottom.'*
Duta collected by the U.S. Geolog-
cal Sumvey (USGK) on the Hudson
River dunng the years 1973 and 1974
show  the presence of pPCss m the
water amlb in the hottom sediments of
the river.*¥  Values ranging  between
0.3 and 3.0 purts per billion {(ppb)
U0 By fsve heen reported in water same
phs cotlected at several stations on the
Hudson River. The sumpling sites in-
clude  Jocations  near  Poughkeepste,
Waterfurd, Chelses, and Rhinebeck.
[n contrust 10 water samples, rcn
concentrations analy zed from (e river.

PCBs, like most chiorinated
hydrocarbons, are highly
insolubtle in water and tend
to settle and then be ad-
sorbed on silt and fine
particles on the bottom.

bottom sediments showed cousiderably
higher vilues characteristic of the insol-
uble nuture of pops. The USGS data
are summarized betow:*”

ron Concentrations in
Ttudson Rives Sediments, USGS

PO in
Sudiments
Dute Station (ppb)
1/74 Chelsea 3,200
7/73 Poughkeepsie 11,000
7/74 Waterford 13,000
7/74 Winebrook Hills 01
9/74 Chelses 1,800
{74 Poughkeepsie 3,600
9/74 Waterford 640
8/75 Roger's Island,
south of
Glenn Falls 18,000

Moure recently, the

EFa conducted

nity of Ford kdward, New
York, near une of the General Llectric
plants. Waler sampies collected directly
south of the plant’s waste-water dis-
charge pipes had PCB values of 2.2 to
3.1 ppb. Neurby sediments, i contrast
to the wuter, contained 540.000 to
2.980.000 ppb (540 to 2,980 ppmy),
with 6,600 ppb being detected several
miles downstream of  the discharge
pipes.t? These  conventzations  obvi-
ously are much larger than those at the
more distunt sites checked by USGS
personnel, even though the lutter con-
ventrations  are  themselves  exvessive,
One  immediate practical problem s
that the largest concentration ot rens
is bKkely to exist in the deep navigation
channet of the Hudson, and dredging
n Uus channel will Tarther disperse the
matenal.’ ¥ 4¢

Toxic Effects of pCuy

Bused on the Jugh lethahity ot rcss o
marie amd Ireshwaler aguatic species,
the Nativnal  Academy  of  Scivnces
National Acidemy of  bnginecring
Committee 1nade the ollowing revome
mendation:*

“Agquatte life should be protected
[that is, sale Trom toxic eflects| where

MONS
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the mamum concemtiabion of jotad
ey o nntiltered wirter doos not ex-
ceed 0.002 mcrogram pes hiter 10.002
pebl at any time or place and the resi-
dues in the generat body tissues of any
aquatic orgamsim do not exceed 0.8
nucrogram per gram (0.5 ppm) "

These levels obwviously are exceeded
m oareas of the Hudson River and else-
where.

The danger to auatic hte s a4 warn-
mg of the dunger 10 human life. Ja
fact, the toxiity of rous 10 humans
fas been cealy o trapcally demon-
strated. In 1968 a severe form of <kin
diseuse was diagnosed i Japanese fami-
les who consumed rice o contami-
nated with Kunechlor 400 (ruu with
48 percent chlorine content).?t 43 The
disease, Kknown as the “Yusho syn-
diome,” is characterized by swelling of
the upper eyelids, visual impairment,
acne-hke formations, and hesghtened
pigmentation ot the sk’ und 4 total
ul 1,057 poisuming cases huve been res
corded 10 dute s Japan.t Patients
with this disesse ulso have extibited
neurologivul disorders und have shown
signs of heuring loss. Bibies born to
severul patients had  many of the
symptoms of the disease, indicaling a
plaventsl transport ol rlps, most
fetuses of the victuns were smaller
than the nativnal aversge. Another dis-
turbing feature of the Jdisease was (he
observation that most paticnts recov-
ered very slowly, whivh suggested that
I'C s were retained in e bodies over
4 very long period.'? rCus have been
ted 1 bumen adipose tissue {cone
nective Lissue 1n the body vontaining
stored cellular tat) in such widespread
occurrenve that over 40 percent of the
. popwlation contains vne part per
million or more,

A number of studies have conclue
sively shown the effect of 1 s un the
reproduction processes of svie birds
and animals, inciuding mon-
keys.! R A R LT mpor-
ot to note that rcus with lower
chlonne vontent mmay have o preater
etlect an reproductuon than Wiphenyly
with  lugher  chlonne  content,  even
though the tormer substances are now
Deng seggested  as substilutes for the
fatler, In o recent review article on the
toxicology ot FCBS, Renute Kimbrough
of the Center tor Disease Controb
Atlanta, Georgra, stated:*!

“The results obtamed hom the re-
production studies i nrds particlarly
seel to unbicate that (he tower chioe-
nated Biphenyls  atlect seprraduction
more than the higher chtormated  bie
Phenyls, and 15 very ipodant ta de
ternnne whether the lower Whlonngted
Dipheny s it have heen suggested as
cepliccments for presently  employed
chlurinated Bipheny s have an ¢Hect on

Marcn 1976
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reproduction.”

The recent PCB  toxivity tesis In
monkeys urs particularly relevant to
humun hesith considerations. in un ex-
tensive series of tests carried out by
James Allen and his ot the

tissues, seruny, and milk,

effects in chick embryos.®? 44
There hus been some concern that
reported 1C L effects may be attributed
m part to the presence of chiorinated
furans us 3 in rCw

University of Wisconsin School of Med-
Icine, rCus in the diet of rhesus mon.
keys caused significant effects thut
mimicked both the symptoms of
known human toxicity und reproduc-
tion [failures in experimental animuls.
When femole rhesus monkeys were
given 25 ppm of Aroclor 1248 for a
period of two months, severe symp-
toms of faclal wcllin! and skin erup-
tions were munifested.’® At lower die-
tary levels (5.0 ppm and 2.5 ppm) of
the sume substance, similar clinical
symptons were observed sfter a few
months; more significantly, these low
Ievels of PCu3 had a marked effect on
teproduction, After three matings with
male monkeys, only 12.5 percent of
the § ppm »C8 divtary group and 37.5
parcent of the 2.5 ppm group were
pregrant 83 compared to 90 percent
plum;\cnu in a comparable control
group.”” At the same time, offspring
were significantly smaller in size: their
hesith was further threstensd since
they continusd to ingest high rC®
levels from the nursed milk of their
mothers.®® One notable consideration
reisted to the experiments in monkeys
is that the vrmm FDA tolerance limit
of 5 ppm*' for PCB residus in fish
snd shelifish is based on the sssump-
tion that toxic effects occur at levels
much higher than is actually the case.
On this basis, then, the KDA tolerance
Umit i toa high.
Also, of serjous concern Is a recent
study conducted by s group of re-
' search investigstors at the Center for
Disssse Contsol in Adlants, the s¥a,
the Nationsl Cancer Institute, snd the
Johns Hggkin- University School of
Medicine.”” They observed that when
expesimental female rats ware fed 2
dlet contuining 100 ppm of PCB (Aro-
clor 1260) for sbout ;l months, 26 of
184 of the experimental animals exsm-
ined had malignant Uves tumors (Hepe-
tocellular corcinoms), whereas only |
of 173 control animals had the diseass.
At the same time, 146 of the experi-
mental and nons of the control ami-
mals had tumorous lesions (neo-plastic
nodules) in the liver.
Other effects of PCBs that have

mllturu." Chiorinated dihenzofurans
have been shown to be acutely embry-
otoxic and have been detected in seve
ers] PCB preparations (Clophen A 60,
Phenoclor DP-6, Aroclors 1248, 1234,
1260).** Recent reports by M. Kurat-
sune and his associates have indicated
that the “Yusho™ patients spparently

"had been exposed fo ICus in rice oil

with chis d diben-
zofurans and showed detectable levels
of this compound in their body tis-
sue.*® However, it was not determined
from tlus study whether the contami-
nation occurred during manufacture of
the PCBs or during the use of the pcB
mixture as a heat exchange fluid in the
rice oil plant, since high temperstures
may have led to its formation through
the hydroxylation and oxygen ring
bridging of chlorinated biphenyl mole-
cules. At present, the possible link of
PCB toxicity to the presence of chiori-
nated dibenzofuran contaminants re-
mains highly speculative, as there ap-
peats to be no dluct expenmmlll

d: that

have long-term chronic effects similar
to those which have been amply dem-
onstrated with ¥Cas,

Contsol of PCBs

The attack on PCB contemination has
taken two forms, one a voluntaty re-
sponse by manufscturers of the sub-
stance and the other a response by var-
ious government bodies. Both re
sponses have been inadequate, as will
be shown in what follows.

In 1971, over 106 million pounds of
PCBs was produced in the industrial
countries of the world, with s third of
this, neasty 40 million oundl being
manufsctured in the U.S.*’ During the
late 19508 end into the 1960s, U.S.
domestic sales of B3 increased nearly
thresfold, reaching a peak of approxi-
mately 72 million pounds in 1970.°%
Prior to 1970, about 60 percent of
PCB material sold domestically in the

U.S. was used for closed

-Paper food-packaging material |

duced considerably. 1t is important to
note, however, thut these reductions
occurred mainly in the use of r€Bs s
plasticizers and as hydraulic und lubrie
cating fluids, since the bulk of PCBs
(60 percent), a3 mentioned adovp, had
been used in electrical systems. This
chemical substance is still being used
almost exclusively as the insulating
fluid for large, high-voltage capoacitors
(as well o3 for certain small ones) and
for electrical transformers. in addition,
the EPA estimates that approximately
one-half million pounds of rcus is
bein! imported into this couniry each
year and presumably is being used
in products other than electrical equip-
ment.

As to government response to the
rCu problem, a federal Interdeport.
mentsl Task Force was convened in
1972. The gproup concluded that be-
cause of the highly persistent nuture of
#CBs and their bicaccumulation in the
food chain, these chemical compounds
posed a wmerious threat to human
health. The group recommended re-
striction of the use of PChs to closed
electrical systems such as electrical
transformers snd capacitors.*’ How-
ever, since Monsanto Company sctually
had slready begun restricting domestic
sales in this faghion, it is not cleas
whether the task force’s recommends-
tions, issued s year and a hailf after
Monsanto's action, had any influence
on the company's decision (although
this has recently been supgesied by a
federal official).’®

In July 1973, the FDA established
rCB tolerance limitations in s variety
of food products, as foliows:*’

FDA Tolerances for PChs
in Food and Food Packaging (ppm)

Mitk®

Dairy products*
Poultry*

Fish and sheilfish®*
Eygs

Infant and junior food
Complete and finished
animal feed

Animal {eed components

oM NUwooLn

Spo Sowmme

*On (a¢ basis
**Edible portion

systems such as capacitors and trans.
formers. Another 25 percent was used
as plnmiuu and in the pvodmlion of

‘been reporied in the ific tierae
ture include: (l) increased production
of certsin entymes in the livers of hu-
man beings snd [uboratory rate, (2)ine
duction of liver porphyria in several
snimul species, (3) interference with
the immune defenss mechanisms in
rabbits, (4) neurclogical disorders in
s, (S) increased #CL residue in fatty

Environment, Vot, 18, No, 2

paper.t® n Sep-
tember 1970, Monsanto Company, the
sole manufscturer of Puis in the U.S.,
restricted its sale of IFCHs because of
environmental contamination by the
chemicals. This restriction consisted of
limiting sales to those malerisls ear-
marked for closed electrical systems,
Thereafter, U.S. consumption was re-

Toxicity data obtained Jduring the
past year showing severe reproductive
failure with low concentrations of
PCBs in primates (5.0 and 2.5 ppm)
and the recent demonstration of car-
cinogenicity with rats*® indicate
the need to substantially revise the
present '0A tolerance limitations of
PCBs in foods. Although ihe present
tolerance standords are deficient, the
FDA has in recent months tuken sei-
zure action based on these standards

9
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fish
marked for commercial murkets in
Lake Michigan, since rcB concentra-
wons in the fish cxcesded the present
S ppm guidenne.*' Similarly, the tpA
seized o shipment of carp this summer

ugainst  several shipments car-

in Lake Pepin on the Mississippi

River.*? In view of a recent legal de-
Jision that apparently aliows the ¥DA
1o defime pesticide residucs in foods as
an indirect foou additive, the DA is
expected to enforce its guidelines more
lorcefully in the future, ¥DA olficials
n the Greai Lakes region have warned
vhut shipment of chubs, Coho salmon,
and lske trout may be disallowed in
interstate  commerce, since the fish
continue to contain high residue levels
of vces.t! It is sppurent that with a
more thorough monitoring and surveil-
lance program, many species of fish in
the Great Lakes region and in several
rivers in the East Coast area will be
essentially unavailable for humana con-
sumption for many years.

One of the great ironies of the pres-
ent situation is that more than three
vears ago the Federal Water Pollution
Control Act (FWPCA) directed the fed-
eral government (specifically the FEPA)
to take swift action 1o reduce the dis-
charge of PCBs and other toxic water
pollutants to safe levels. The fact that
today there is no meaningful nationsl
program to rogulate vCB discharges is 8
result of the federal government's faile
ure Lo carry out the act as written.

The congressional authors of the

« WPCA  believed that the “hazards
posed by toxic substances” made their
effective regulation ‘‘especially ur
gent,"*? Accordingly, they established
in the act a ‘“national policy that the
discharge of 1oxic podutants in toxic
amounts be prohibited”** and added
to the act a far-reaching special pro-
vision, Section 307(a), to ensurs that
this goal was fully impiemented. If the
section’s mandatory deadlines had besn
mel, toxic poliutant effluent standards
covering PCBS ynd other toxic pollu-
tants would huve been promulguted by
the £rA roughly two yesrs ago and

d with by about
one year ago. Yet, to date, the EPA
has failed 10 promulgate s single stan-
Jdard under this provision.

Despite shoetcomings in foderal en-
forcement, several states have tuken ad-
ministzative and legislative initiatives to
control the dJischarge of rcos into
lakes und rivers. Earlier this year, the
Michigan Natural Resources Commis
sion endorsed the recommendation of
the lake Michigun Toxic Substances
Committee, calling for a ban on ¥CD
imports und their use in the US. and
for a rapid replacement of rcus in
electFical capacitors and transs
formers.®' At the sume time, a hill has

10 -

becn introduced in the slate legislature
to place strict control on the use and
sale of rCus in Michigun.

In Wisconsin, the Division of Health
of the State Department of Nulural
Resources hus issued warnings on con-
sumption of large Juke trout and
salmon from Lake Michigan and the
upper Mississippi  River. In  August
1975, the department held a hearing
with a view Lo developing a strategy to
control the siale and distribution of
peps within the state.*’ In Minnesota,
an Interagency Task Force was estab-
lished, principally to broaden the mon-
itoring of rCBs in fish in several rivers
and streams in the state.

In terms of ini

. "
ive r

peured to bLe Lhe major dischargers of
PCUS in upper regions of the river. On
Scptember 23, 1975, the New York
State Depuriment of LEnvironmental
Conservation issued an abatement
order reyquiring the General Electric
plunts to achieve zero discharge of
¢ s by September 30, 1976. Admini-
strative hu..\rin!s were begun on Octo
ber 6, 1975.°% At the same time,
Ogden Reid, commussioner of the de
partment, publicly warned cunsumers
against eating striped bass from the
Hudson River and salmon caught in
Lake Ontario.*®

On the international front, the Or
ganization for Evononiic Cooperation
and Devel (DECD) 2 few years

the strongest action was taken this
year in New York state, ofter it was
discovered that the two General Elec-
tric plants on the Hudson River ap-

Large 3Mounts of PCEI heve Been found in
fish in the Hudsan River, sspacially in those
of recreationsi and commarcial vatus.

. a
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ago recommended that its member
countries which are involved in rCB
production (including the US., West
Germany, France, the United King-
dom, Japan, ltaly, and Spain) restriet
the commercial use of PCBs to closed
systems.>” Only Japan has taken fur-

> -




ther stricl measures to completely
eliminute the use of rcus in all com-
wercial applications, including cupacic
tors and transformers. Jupan slso pro-
Nbis the import and e\pon ol 111u
L]

12. Grelenus, Y.A Groichus, and R.J,
Emerick, " num;m. , Polychlornated
Dnlny\t, une m-cu-y in wun Covmunnn.
Peiic E9gs, Fo nd Environ.
m’nn)v,“ lun. Thwr Contom,” r-umn.. 9:321,
1

13, Kosman, J.H., M.C. TenNoevar. ang
R.4. Devos. "Chlonnn.u Qiphenyls in Fish,
Mussels, and Bir0s from the River Rnine ang

und, since
¢ hus been a virtual elimination of
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country,
Most recenily, Tollowing the Nae

tional Conference of rCus which wus
held in Chicogo on November 19 (o
21, 1975, the £rA on December 22,
1978, announced a fur-reaching federnd
policy of “totully climinating the use
of polychiorinated l\mhen)’ls (rc m) as
rapidly ac possible™ in the US*

In a more specific action. the 1:PA has
ordered the two General Electric plants
on the Hudson River (o achieve zero
discharge by June 1977.%% 1t is clar
from these actions that the federal gov-
srnnwnt has recognized the gravity of
the PCU issue and at last hus taken
definitive steps to address the problem.

The title of this article as originally
submitted wasr A Review of Fedceral
snd Stste Government Roles in Con-
trolling Iimpacts of PCBs on the Envi-
roament,” The Publisher and Editors
of Environment are responsidle for the
published titles and subtities, selcction
of photographs end lead-in excerpts,
photo captions, and preparation of
most graphs aond illustrations which
appesr (n Enviconmen articles.
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BY JOSEPH HIGHLAND

JOSEPH HIGHLAND I3 director of the
Toxic Chemicals Program of the Envi-
ronmentel Defense Fund in Washing-
ton, O.C.

THE FIRST EVIDENCE that food supplies hud become contuminated
with polychlorinated biphenyls (PCBs) wus reported in 1966, when
fish from vurious Swedish waters were shown to contain these chemis
cals.' Since then, PCBS have bren identified as contaminants in food
supplies around the world. They have been lound in pike taken from a
luke in Finland, in mollusks and marine fish from Scottish waters, in a
wide variety of lish caught in the St. John River system, in wildlife in
California, und in trout and salmon taken from Lake Michigan.??
More recent findings indicate that contaminuation by PCBs continues to
be widespread. Within the last few months, striped bass caught in the
Hudson River have been found to contain as much as 90 parts per
million (ppm) PCBs. while pike caught in the Baltic Sea were shown to
contain 0.31 ppm PCBs in their muscle and up to 190 ppm in their
ovaries.*- Moreover, plankton from the Baltic Ses, upon which many
fish feed, contained levels of 25 ppm PCBs in their fat.®

The federal government currently conducts three sepurate progrums
in which the contamination of foods by PCB8s is measured; the FDA
(Food and Drug Administration) Pesticide Surveillance Program, the
FpA Total Diet Program, und the USDA (U.S. Department of Agricul~
ture) Surveillance Program.

The FDA Pesticide Surweillance Program, which began in 1968, was
developed to gather information on the levels of pesticides, as well as
of PCBs, in foods and animal feeds bused on a statistical sampling
program designed to cover specific geographical regions of the U.S.
The program is intended to assure the satety of the human food sup-
ply by screening and removing shipments of foods containing PCBs or
pesticides in excess of established tolerances. Commodities covered
under this testing program include dairy products, eggs, fish, animal
feeds, fruits, vegetables, and processed foods.

in the FDA Totul Diet Program, the levels of pesticides, PCBs, and
trace heavy metals in sumple diets are measured. Twice a month, a diet
approximating that which would be consumed in a two-week period
by a hypothetical fifteen- to twenty-year-old male is collected at retail
stores in five regions around the U.S. The foods are prepared in the
appropriate manner and then divided into twelve basic foud composite
classes, including meat, fish, poultry, and leafy vegetables. Euch com-

Photo from Bettendor!‘s Seisct Foods, tne.
WM NN ey
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M‘Iﬂ Butveinones Pragram o i
uln 18 Bmounts of PC

PCLS
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What IS acceptable?

posite class is then analyzed for con-
taminants.

The uSDA Surveillance Program
consists of periodic sampling and anai-
yis of mests and poultry (or chomml

P

inaludi

are taken from fndmlly Impccnd

sisughterhousmes.

Lavels of PCBs In Food

A mmmary of the findings regarding
PCBs in ths three survey and surveil-
Wnos programs are listed in Table
1.V " Although the data are incom-
plote, it is Mdm from this table that

TABLE

COMPILATION OF DATA FROM FEDERAL SOURCES

FDA Pesticide Surveillance Program

Loves of
Yoar Numbsr of Sampies  Pyresnt
1984.71 15,000 32 “detectabie”
(tish, specifically:
1-30 ppm)
Fiscal 1973 7.882 4.0 *‘dutectable”
Fiscal 1974 1,723 5.4 “cetectable™
FDA Totst Dist Program Survey
Number of Compeite Lavets of

the fact

(o4 1] our Year Food Sampies Porsant
food, Results or thc FDA Pasticide
Survailisnce Program sppear to indicate  1968-71 900 [ trace — 0.36 ppm
s incream in the extent of contamina-  Fiscal 1973 360 6 trace — 6.0 ppm
tion, whils those of the USDA Surveil Fiscal 1974 360 4 trace — 0.05 ppm
lancs Program indicate a decreass: this
spparent W';":lﬂ ;"l'er Lad ”IPMGMG by  USDA Surveitianca Program Lavess or

that erent foods are
mmpled in these programs, and it is Lo AL L L
quite possible that contemination of 1971 4175 8 f -
tome kindv of foods has decresssd  piecy) 1973 " 0 race = 15 ppm
while It hes incressed In others. Y -

The apparent decresse in the levels ,‘:’,::n’;:'” 1.037 26 trace — 4 pom

of *CBs reported in the FDA Totd  (poutry oniy) 574 1.0 1.25 ppm

Dist Program Survey betwesn [fiscal
yoor 1973 snd the first helf of fiscal
yorr 1974 must be viewed with cau-
tion. During the first haif of fiscal yoar
1974, the averags PCB levels for milk
and oﬂm dairy products, for eggs and
og products, and for animal fesd in-
godiunts were equal to or greater than
those reported for fiscal year 1973,

Yons are boing sandustad by the FO.

ek 83 truits 4nE vegeiapie otere
85 In enenss of
2600010000 levels,

Envirenment. Vel. 18, No. 3

‘Them why is there an apparent de.
crease between {973 and 19742 In
large part, this reflects sn apparent de-
creass in the number of fith that were
found to be contaminated with PCas.
In fiscal year 1973, 62.2 percant of
the fish samples examined contained
PCEs ranging from trace amounts to
123 ppm. In the first hall of f(iscal
year 1974 only 353 percent of uu
Ked were conta

amounts to 9.7 ppm. However, the fish
deta reported for fiscal year 1973 in-
cluded mostly (reshwater fish, in which
PCR contamination has besn shown to
be greatest, while during the fiest halt
of fiscal year 1974 the samples con-
sisted mainly of marine fish. Since the
sampies are not comparable, the
apparent decrease is probably a reflec-
tion of the differunce in levels of Pcu

and the lsveis found ranged from trace

marine fish rather than an indication
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of & general decline in PCBS in fish.

In addition io these observations,
numerous specific incidents of PChH
contamination of (ood have been re-
ported by the ¥DA and the USDA. In
1970, the Campbell Soup Compuny de-
tected high levels of rCBs (26.8 ppmn
on 4 fat besis) in chickens grown in
_New York state. As a result, 140,450
chickens were destroyed. In July t197],
the Monsunto Company informed the
FDA that large amounts of fish meai
might have been contuminated with
PCUs during the pasteurization process,
due to a leak in the heating system at
the compuny's East Coast Terminal in
Wilmingion, North Carolina. An inves-
tigution by the FDA revealed that the
leak had begun in April 1971 and had
continued through July 1971, Contam-
ination of the fish meal was verified,
snd, a8 & result, over 123,000 pounds
of egg products and 88,000 chickens
were desttoyed. That same yesr, the
FDA was notified that high leveis of
*Coy (20 ppm) had been found in
Swift snd Company turkeys. As a re-
sult, approximately \ooo 000 birds
were kept from market.'! These inci-
dents and the results of the federal sur-
veillance programs demonstrate further
that contamination of food dy PCBs is
not s new phenomenon; it is a con-
tinuing problem which has resuited in
part from the continued indiscriminate
discharge of PCBs into the environ.
ment, and it is one which must be
eliminated because of the severs health
hazurds posed by these compounds.

“Acceptable Distery Intake”™

The fpA  has calculated what is
termed an “scceptabie daily distary in-
take™ (of PCBS in the human dist — or
a level of PCBs which, if ingested for
sn extended period of time, would be
toxicologically insignificant. Even if
the validity of such a convept is as
sumed, the basis for establishing such a
level must be evalusted.”Im this connec-
tion, the FDA's finsl environmental
impact statement for rulemaking on
veas® indicated that both animal snd
human toxicologicsl data were used to
establish an allowable distary intake
for human beings.

According to date ghen available
(1973), long-term studies of dogs and
rats showed “‘no-effect levels” (the
doss levels below which the effects
looked for were not observed) of 10
ppm for three conumercinl types of
rCus (Aroclors | 242, 1254, and 1260)
fed in the diet. Employing the stan-
derd 1 00-to-| safety (actor used in
applying results of animat i

it appears that the metab-
ofism and excretion of
PCBs, especially of Aroclors
with high chlorine content,
are even slower than for
some of the most persistant
pesticides, such as dieldrin
and DDT.

calculated to de an intake of 0.002%
milligram per kilogram of body weight
per day. From the data on rats, a fig
ure of 0.00) milligram per kilogram of
body weight was obtained. On the
basis of the tests in dogs, the sllowable
level of PCB intake in a man weighing
70 kilograms (about 155 pounds) was
figured to be 0.175 milligram per day
(70 kilograms x 0.002$ milligram).
The human toxicological data used
in determining the allowable dajly dose
were derived from investigations of
human PCB poisonings in Japan. [n
I96l over 1,000 Japanese persons ex-

weight per day as derived from a 70-
kilogram man.”

QOn the basis of these data, the ¥DA
arrived at an allowable doss of ¥Cus
(for a 70-kilogram man) of 70 to 280
micrograms per duy - of 0.07 10 0.28
milligram per day - compared to the
0.175 milligrurm-per-day  permissible

level established on the busis of the

o| explnm-nll The validity of 1hese
Jati is very i le, how-
ever. Particularly suspect are the esth-
mates that had to be made of dosss
individual J as wel)
as the erbitrary assumption that a
safety factor of 10 to | is sufficient to
determine 2 sale level of intake for &
‘“protracted period of time." 1n addh
tion, the calculations fail to consides
the potential long-term effects caused
by stored rCB residues,
Furthermore, according Io H lb-
{acting di
Toxicology, Buresu of Foods, FDA) I-
the time since these caiculations were
made, there have besn Iwo importamt
experimential obssrvations concersiag
PCBs which make the previously calew-
Innd allowable daily intake level oheo-
lete:> First, recent studies by JLR.
Allen and his colleagues on the effects
of | 1 of nonh o

P
mates to PCBE must be consid
cred.' 121204 The effects seen ia
these studies of monkeys are similar in
appearance and persistence to ihe

P d PCO p g after

ing rice oil u.onummned with Kane-
chlor 400.°'% In addition to caGsing
headaches, swelling of eyelids, tempor-
sy loss of vision, and many -other
symptoms, PCPs stored in the adipou
tissue { tissue

stored cellular fat) of pregnant women
wers passed thyough the placental wall
to the fetuses. As a result, nine of the
ten live-born babier had unusually
greyish, darkened skin, and most were
‘born underweight.

The outbresk was interpreted by
the ¥NA to have the following unplica-
tions for PCB intake standards:®

"Since 2000 milligrams was re-
ported to be the aversge total doss
causing an cffect in the Japaness, it is
possible that 200 milligrams total dow
age PCBs (applying & sufety factor of
10 to 1} muy be tolerated over a much
more protracted period of time withe
out overt adverss effect if daily expos
ure is held to minimal levels, This
would pertnit (ngestion of 4 micro-

symp of the human poisoning in
Japan. Moreover, these symptoma weve
documented st dietary intake tevels as
low 2as 2.5 ppm (equivalent to abowt
2.5 milligrams per Xilogram of body
weight). To date, a no-effoct level for
PCBs in monkeys has not been estab-
lished. This would indicate that dogs
and rats are not particulacly reliadle
subjects for tests relating to primates,
since they are not as sensitive ss are
primates to many of the toxic effects
of PCDs.

Second, Allen’s work indicates that
the use of gross observations of 1oxie-
ily are not reliable in the study of
PCps.'" Allen observed that routine
toxivological evaluations of rats which
were fed 100 ppm Aroclor 12148 for
one year revealed no adnormalities in
growth, mortality, or nhematology.
However, wmore sophisticated temts
showed that thess rats expetienced
drastically altered fat and chwhesterol
metabolism as well as changes in liver
size and structure. Therefore, svem if

pamns |0.004 milli | per kil

20-ki

an all ble hunwn Jdaily dosuge for

hody weight pec day in a 7
man. Since the lowest total dose pro-
ducm' an effect in muan in the lape-
nese J wus SO0 milligrams. »

it

to bumun hesith Jards. 3
leve} for human Dbeings, based on dalu
detived from the dog experitnents, was

14

sinvilae ly

rCss calculated {rom animal 1ovivolog
ical data wers acceptable, the baus for
the ¥BA‘S 1972 valcutations would be
seriously questionable,

lvads to aa sllowable The chemical nuture of PUDs may
promum m;emon of | microgram help to :xplam m purt why they are
(0.001 } pet kilog body bac and Ny toxic. The
March 1978
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{2

chemicals huve 2 low in

water but are highly soluble in m ' raBLE 2

thutefore, ihey tend to sccumuiate and RELATIVE CONTRIBUTION TO ACCE

. concentrate in the hody's fat stores PTABLE DAILY INTAKE (175 mey/
rather thaa being upidlyy metubolized  BY FOODS SUBJECT TO PCB TEMPORARY TOLERANCES "

and excreivd. It uppears that the me- . - tive
tabolism and excretion of PUDS, €3¢ yype of Feed emperary Ameunt #CBS  Comtribution
clally of Aroclors with high yoe of Foo Serving of Foos Tolerance (nom) in Fegd \p ADH
content, are even slower Lhan for some i 8 0 8 (1
of the most persistent pesticides, such (:'g :‘m) g? :V:V‘u;:‘g')oducl) 80 meg 6%
as dieldrin and pDV,'* Thus, after in- ’
gestion, PCRs persist in the body for  Cheese 100 9 2.5 (fat basis) 60 meg 3%
long periods of time snd may thereby {3.9 ez) 0.6 (whola basis,
elicit chronic effects. assuming 25% fat)

Poultry 200 g 5.0 {fat pasis) 100 meg 8%
Excessive Intake Is Conunon (7 o2) 0.5 {whole basis,
The 0 1able daily PCB X sssuming 10% fat)

e FDAY lccnpa v daily PC3 intake

leve) of 7S to 210 mlcrouum per dmy Egm ]:G 9 0.5 50 meg 29%
for a 70-kilograin man svems deb (2 w393)
at best. As J. Wessel, scientific coor-  Fish 200 ¢ 3.0 1,000 mcg 530%
dinator of the FDA, has pointed out,’ (7 o2) .
“It is quite clesr that the accoptable Packaged
daily PCB intake of 75-210 inicroprams  goaq 100-204
per day could easily be exceeded by an (3'227_;) :,) 1?;’260'6"') 10-60 mey* 635%

adull consuming some of the heavily
contaminated foods in his diet.” Table
2, llkin directly rom Wessel's testi- *Based on 1971 roA Survey that 10 ppm pces in packaging can resuit in migra-
mony,' illustrates this point clearty:  ton of 0.1 - 0.6 ppm rces to packaged food.

Consuming » stesdy dlet of bi
foods from the list would produce con-
sistent overexposure to PCHs if each
food had the maximum sllowed con- |
centration of PcBs (listed under the |
lhndln.g “Temporsry Tolerance L
ppm] ™).

Ay Wemsl concludes, “Even when
PCBs are pressnt at the [permissible]
tolerance levsl, it would bs possible for
en adult, with normal distary habits,
10 exoeed 178 micrograms [0.175 mik
Mgram) of PCss per day.” Further-
more, adults with “normal distary
Mbits” ate not the only psople who
sre vulnerable. Perhaps at even grester
risk are those large groups within the

populstion (such as sport fishermen or /
people who require speciai dists) vlu; :
- M " o
PCB-contaminated foods, or nursing
babiss who ingest rCis in their
mothers' contaminated milk and who,
for matural biochemical reasons, have »
vary limited capacity for mstabolizing
forsign substances such ss PCBs. A,
Koibye, Jr., amociate director for
wcience, Buresu of Foods, FDA, and H.
Blumenthel are cleacly correet when
they say, respectively:! 7"

“Infsnts or young children could
also readily excced the tolersble daily
expowre,” and, “Thus, the best evi- |
dence indicates that chiliren would be
more ibls to the '

)

1198340 Premany

ceused by unmetabolized pcBa, since

qunnl doster enplaining the aunu .4
B POIOMng of risd Bit vietims in V
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The FDA's temporary tolerances for
»Co1 in food are both insdequste and
in the daily
dowe \.ll».ul-ud in 1972 is now obeo-
lete in light of more recent findings.
Man importanily, however, the appro~

of any daily
dose” for vcBs is highly questionsble
in light of new svidence demonatrsting

the carcinogenicity of thess com- v
pounds in experiments) snimals.!

Since there is st present no scientific
widence that eny level of intake of a

v

The USDA Surveillance
Program consists of
periodic sampling and
analysis of meats and
poultry for chamical con-
taminants, including PCBs.

is safe, the entire
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tradictory snd scientifically unsup-
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IN CASE OF LEAK OR SPILL, CALL COLLECT 618 271-5835

This product contains POLYCHLORI-
NATED BIPHENYLS (PCB's) which
scme studies have shown may be per-
sistent, an environmental contaminant
and. possibly, injurious to certain
forms of bird, aquatic and animal life.

PREVENT ANY ENTRY INTO THE ENVI-
RONMENT THROUGH SPILLS, LEAK-
AGE, DISPOSAL, VAPOURISATION, RE-
USE OF CONTAINERS OR OTHERWISE.

SPILLS, LEAKAGES AND WASTE PROD-
UCT MUST BE COLLECTED.

Use of this product must be restricted to
applications which can be controlled so
that entry into the environment does
not occur aid {v applications in which
it cannot come into contact with food,
animal feedstuffs or pharmaceuticals.

HARMFUL SUBSTANCE IF TAKEN IN-
TERNALLY OR IF IN PROLONGED
CONTACT WITH THE SKIN.

CAUSES IRRITATION OF SKIN AND EYES.

DURING SHIPMENT AVOID SPILLS AND
LEAKAGE INTO INLAND WATERWAYS
AND THE SEA.

CAUTION!
CONTAINS CHLORINATED
HYDROCARBONS

Store away from food, animal feedstuffs
and pharmaceuticals.

Keep container tightly closed.

Do not eat or smoke when using.

Avoid breathing vapours, mist or fumes.
Do not wear contaminated clothing.

Wash product from skin with soap and
water.

Wash eyes by flushing with water.

WASTE DiSPOSAL

With prior Monsante aotification used polychlori-

nated biphenyl flnids may be returned freight pre-
paid for proper incineration at 3¢ per pound.

Ship to: Supervisor Dept. 831
MONSANTO COMPANY
SAUGET, ILLINOIS 62201

1249753

LAREL ATTACH®D ON ENDS AND SIDES OF TANK CARS

MONS 087396




