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1. INTRODUCTION

Hutxingcr et al. recently reviewed <hc chemistry 
of PCB't. In Iheir preface these authors state, 
"Opinions on (he importance of these ubiquitous­
ly distributed industrial compounds, however, still 
vary (ready. The authors do not wish to enter Ibis 
discussion.“ In this ariicle, an attempt is made to 
assess the biological impact of these materials, 
both on man and other creatures that Inhabit (his 
planet The information tin the production and 
usages of these materials is briefly reviewed, 
followed by a more detailed look ai levels found in 
various types of orpnisms in various parts of the 
world. This information is used to consider the 
routes and rates of transfer of these materials 
through the ecosystem and (heir biological mag­
nification during these processes. The physio­
logical effects of PCB's ire then considered, and 
their likely importance is assessed by comparison 
with existing environmental levels.

The picture it complicated by the fact that we 
are not dealing with a single compound. The basic 
structure of PCB's is:

XX XX
■OO*

XX XX

where any of the positions marked with x can be 
substituted by chlorine. The physical properties of 
PCB's have been described in detail elsewhere.1 In 
brief. Ihey are chemically inerl. are noi hydro­
lysed by water, and resist alkalies, acids, and olher 
corrosive chemicals They have low volaiilily, their 
boiling points ranging from 278®C for Aroclor 
1221 to 415^ for Aroclor I268.1 All arc stable 
to prolonged heating al IS0*C. The solubility of 
PCB’s in water is very low, and is high in 
hydrocarbon solvents The degree of chlorination 
is expressed by the number following (he trade 
names. Fur (he Aroclor series ihe last two digiis 
give ihe percentage of chlorine. The Japanese and 
American equivalents are given in Table I.

2. PRODUCTION OF PCB'S

Detailed figures on produclion and usages of 
PCU are only available for ihe U.S. (Table 2) and 
Japan (Table 3). Additionally, PCB’s are known to 
be manufactured in Germany (Bayer). France 
(f.odelec), Italy (Caffaro), U.S.S.R. (Sovol) and 
v'zechoslnvikia (Chemko), although production 
figures are not available.* In 1970 Ihe combined 
production of Japan and ihe U.S. was 107 million 
pounds, and (he total world production can he 
estimated at ISO to 200 million pounds. This is
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TAULt; 1

ArtierH'tn trade name Jalxmau' tia<U name t (‘liluime tvmiMinvni*

Aruclor 12 32 Knnci'liiui 2(JU 32 Ok

Aroclor 1242 ■ 300 42 Irn M»*nn,iKd
Aroclur 124X -400 48 ti'liatitlitritiailfU
Anrclor 1254 J00 54 pt'nuthliuiiMii'd
Aroclor 1260 -600 60 Ikaui hlmifMtCil

probably half the maximum production of DDT 
that occurred in the late I960*.

The figure* in Tabic 2 relied Ihe rest rid inns 
placed on the usages of PCB's by Monsunlo. and 
currently PCB's are told only to Ihe electrical 
industry for use in closed systems as a dielectric 
fluid in transformers and capacitors.

3 TRANSPORT OF PCB'S 
IN THE ENVIRONMENT

The basic document for this section is the 
analysis made by Nisbct and Sarofnn,’ although 
an attempt is made to update in the light of more 
recent research and the restrictions placed on the 
usage of PCB's. These workers made the following 
assumptions on the useful ttfe of objects contain­
ing PCB's:

A. The rate at which capacitors arc dis­
carded, primarily into landfill dumps, is equal to 
half the rate of production.

B- Ten percent of tales of transformer fluid 
is to replace scrapped oil.

C. The rale of vaporization of plasticizer 
amounts to 101 o 20% of sales.

D. The rate of disposal of plasticizer* into 
dumps is equal to the residual 80 to 90% of sales.

Using these assumptions Nisbct and Sarofitn cal­
culated grots estimate* of the rates of input and 
accumulation of PCB’s in North America in 1970 
(Table 4). Starling in 1970. rennet him were 
placed by Monsanto (the sole US producer) to 
reduce Ihe environmental input of PCB's. The use 
of PCB's in pesticide formulations was dir con­
tinued in early 1970 although evidence t ggests 
that this was a minor use Later in 1970, sales of 
PCB's fur plasticizers, surface coalings, and 
adhesives were stopped. The main uses noware in 
sealed electrical transformers and capacitors and in 
heat tiansfei systems. Monsanto has made arrange-
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moots In destroy spent PHI fluid and destroyed 
2.2 X 10* metric Ions in 1973 and 1.2 X 10’ 
tnclric tons in |*)74* On ihe basis of ihese 
changes in use pultons, the inputs and aecmitula- 
1 inns have been recalculated for l‘»74 (Table 4). 
Surer PCB's have not been used as plasticizers I'm 
three years, the input from the vaporization from 
this source should now be negligible. Valorization 
form open burning is dependent on Ihe amount of 
PCB's reaching the site, and it is arbitrarily 
assumed that this is decreasing *i a rate of 20% pci 
year.

Ntshci and Surofim’ estimated that 1.5 to 2 X 
111’ metric ions per year of PCB's were vaporized 
into the atmosphere in 1970 Now it is likely that 
Ihe a mourn has decreased by an otder nf magni­
tude since the mainr source, vaporization from 
plasticizers, Inis been removed.

Mauglt* reported ott the possibility that PCB's 
could be formed Irons DDT under the influence of 
UV light, it was pointed out earlier* that this 
would only he expected to lead to dk'hlmobi- 
pitcuyh which are riot normally found in environ­
mental systems,

Nisbcl artd Sarotiin’ calculated that the total 
input of PCB's into the seas around North 
America, mainly into the Atlantic, has been I.SX 
ID* tons This figure can he compared to the 
global value calculated for DDT of S X 10s torts ’ 
On an annual basis, the fluxes into the North 
Atlantic would he 5 X Its’ tons fur PCB’s and 25 
X 10' tons For DDT. Using the latter figure, the 
SCtPfSlndy of Critical liuvirniimeLilal Problems) 
calculates a figure of 5 ng/l for DDT it* lire suifact 
mixed layer assuming a residence time ni 5 years 
These calculations are hased on (he ptoduclitm 
and usage pattern* of the late 1960s, and in North 
America these have changed considerably in the 
Iasi 5 years. Scba and Corcoran* measured levels 
of organochlorntc pesticides in surface slicks and 
sea water in 1968. They found values ranging from
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TABLE 2

rCB hetaiitii end Unp in dx U-S. (Metric Tom)

Dometbc u*e by cat<p>i)

19ST 1931 1939 I960 1961 1962 1963

Heat transfer - - - - - 71 291
HydrauHcs/lubricantt 806 773 1.342 1,262 2.055 1.957 1.973
Miwtlaneour Indus! rial 332 378 704 779 1.057 147 764
Ttarafomer 6.471 2.139 2.992 3.960 3.147 3992 3645
Capacitor 8.5M 7.030 8.250 1,413 7.961 7.691 7.103
flmkinr
applications .

• 1,969 2,286 3722 4.549 4.462 4.590

Pvtroievra additive* -

Domeroc me by FCI grade
Arodor 1721 11 1 127 52 47 70 III
Aroctor 1232 91 57 120 77 120 112 6
Aroctor 1242 9,111 5.222 6.799 9.091 9.973 10.327 9.255
Aroctor 1241 8<9 1.279 1.692 t.414 2.072 1.7 31 2.506
Aroclor 1234 2.230 3345 3377 3044 3.147 3162 2.955
Afoclot 1260 3,793 2.997 3370 3,665 3270 3,297 3113
Aroclor 1262 76 92 179 163 110 276 207
Aroclor 1261 - 36 31 94 79 103 142
Aroctor 1016 - - * - -

Production * * • 16.960 11.237 19,176 22.367

Domestic ulei 116.149 13.030 15,633 17.604 11.769 19.021 19.066

Export t.123

•Prod union rifutn and plasikuer applications fWures available durinp year indicated 
**||.S export tales figures unavailable during year indicated

1964 1965 1966 1967 1961 1969 1970 1971 1972
1

1973

464 611 M3 1.131 1.264 1.525 1.979 1.530 376
3117 2.308 2.129 2.322 2.113 4.020 3.701 776 _ -

846 920 <89 713 642 540 113 577 -

3991 4.321 4.455 5.535 5.792 6.052 6.914 5.567 12.828 18.17
9.770 11.174 14.442 14.151 14.775 12.511 13354 7,070
3.168 5.848 6.740 6.680 7,202 1230 9,761 1.630 - -

_ _ __ _ 719 _

291 115 264 221 cl 254 738 1.107 15 IB
6 4 1 12 45 136 130 <5 -

11.785 15.762 19,771 21.527 22.427 22.745 24.294 10.990 364 3.100
2.619 2712 2.507 2.352 2447 2.125 2.036 106 404 .

3740 3.864 3.517 3.341 4.445 4.911 6.210 2.330 1.747 3.988
4.267 2915 2.937 3.208 2626 2,220 2,445 <64 152 -

223 279 384 420 360 356 512 1 - -

95 98 142 144 140 150 165 - -

- - - - - - - 1,667 10.451 11.765

25,416 30.240 32.924 37.654 62427 31.194 42,527 17,497 19.300 21.019

22.434 25.191 29,539 31.233 32,551 33597 36,530 17.150 13.204 18.87 1

2.041 2117 3.426 4.062 5.615 5.312 6.125 - 3.194 4.173

nous 2Q*B*9
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TABLE 3

KB Piadactioa arf in )ap«« (Meartc Tom)

Dometts w by
dgti«ir 1957 1951 1959 1960 1961 1962 1963 196* 1965 1966 19*7 i960 1969 1970 1971

Elactncil 760 7*0 1,060 1.320 l,B60 1.6*0 1.270 1.920 1.990 2.600 2.370 2.830 4.220 5,960 *460

ipparatv*
Hen tvamnnttt to 100 120 170 ISO 2*0 2*0 400 450 660 730 720 1.290 1.890 1.920

Copy paper
Other ina

— — • 10 30 100 no 300 390 780 1.320 1.920 350

30 40 to 150 ISO 200 no 210 240 270 270 260 3)0 340 100

rrorfaction 820 910 1.260 1.6*0 2,220 2.190 I.SI0 2j*70 3,000 4.410 4,480 5.1)0 7,7)0 11.110 6.780

Imports - - 60 100 110 150 no

Export* - - - - - too 100 *0 160 500 720 540 590 1.000 TJ0

Adapted from Faiiwara. K. fteporr. Department of Hygit*ic Chtmatry. 1C rota City 1 mutate. Kyoto )jp*n

197*.
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TABLI. 4

litimilci o7 Hairs of Input and Accumulation of fCI'l in North America in 
(970* and 1974** (Metric Toni)

1970

Vapnriraliun of 1-2 * 10*
plarriclreri

Vaporiniion during 4 X 10’
open burning

Lcaki anil dupmj 4-5 X 10*
of industrial fluidi

Dcitioftd by incineration 3x10* 
and open horning

Dispnial in dumps 18x10*
and landfill!

Accumulation in tervlee 7 x 10*

1974

Negligible Mainly 1248 to 1260 

I S X 10*7 

4-J x 10*77 

12 X 10*t 

7 X 10’

4 x 10*

*) loni Niahei, I. C. T. and Samfim. A. I'., tmwi*. Hftllh frrtpert., I, 21. 1972. 
•‘Calculaieil tiuin the attunipliimt of Niahei and Sitofim. aee text. -
7Aiuiming 207/year dectciac in fCH reaching open burning 
77AtMimed to have decreated an order of magnitude. Partially due to cnlttelian 
by Montenin and parllally due to gieeier awataneaa and many fawet (lima 
handling the material.

K0 ng/1 tome 25 miles off the Florida coast lo a 
maximum of I 2 7 |ig/l in Brscaync Bay No DDT 
compounds were delected in sea water, limit of 
detection was I ng/1. PCB's were not mentioned 
and presumably not examined Cm. Hartung and 
Klinglci* found that the pariiiioning coefficient 
for. p.p' DUT hclwcen nil and water is around 
I06. Finding thai ihe level in sea waicr was below 
i og/1 is noi surprising in view of the levels in oil 
dicks even though equilibrium may well nol be 
complete. The data in Table 4 confirm the low 
levels of DDT in the upper mixed layer, although 
by 1971 the usage of DDT had markedly declined 
in North America.

Current evidence suggests that Ihe bulk of DDT 
transferred to the ocean is not dissolved in the 
upper mixed layer, nor is it present in aquatic 
organisms. It appears that DDT is aedimented, 
degraded beyond DDD or DDE. or co-dtstilled 
back into ihe atmosphere. At present there is tittle 
evidence on which lo evaluate the relative impor- 
taper of these mechanisms.

The levels of PCB's are most interesting. The 
values for 1971 and 1972 (Table 5) are much 
higher thin would be predicted by calculation 
along the lines of the SCEP report. If one 
multiplies their value for DDT by ihe ratio of 
esitmaicd amounts of iransfei of PCB and DDT, 
one comes up with a figure of I ng/1

(5 ng/1 X ). Then the figures show a rapid
IS x 10*

decline to about I/30th ttf the earlier values. This 
shows that the levels in the upper mixed layer are 
in much more rapid equilibrium with atmospheric 
values than was previously indicated. In making 
these calculations one has to bear in mind that 
these measurements are cluse to the limit of 
analytical capability, and suggestions have been 
made’0 that many subsiancei as yet unidentified 
may be Included in the analysis and may introduce 
serious errors. The basic question is the accuracy 
nf these figures. While it is nol possible lo check 
the actual determinations, it is possible to cal­
culate the implications of accepting figures. If an 
area for the North Atlantic is 5.000 km1, then the 
volume of the upper mixed layer (100 m) would 
be 25 X 1010 ml. Assuming Harvey el at.’s value is 
30 X 10~* * g/ml,1* then the amount in this layer 
of the North Atlantic would be 7.5 X 10** g or 
approximately 10s metric tons. This figure is high 
as compared with the calculuied annual flux to the 
lolat production of PCB's. The PCB found in tea 
water is of the 1254 pattern; the maximum annual 
usage of which is only 6 X 10'* metric tons. Even 
If higher Aroctors are included, the figure would 
be 10* metric ions. Thus. ih« indications are that 
the determinations of Harvey et al are too high 

Bidleman and Olney11 show that the levels of 
PCB's In the surface microlayer (ISO pm) is

September I97J 17)
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TABLES

- fCB and DDT CMcr«U«tK>nf In North A Han Ik Surface Weters, 1971 |n 1974

Mean KTl
Dale ng/l

Aujuit 1971 25

July 1972 41
August 1972 )h
September 1972 )0
April 197) 1
September 197) 2
September 197) 08
tebruary 1974 0 8

Mean 1)1)1
nfti wm/prit

n* -

< I <002
< 1
< 1 <0 0)
<0 15 <0 IS
< 1 <0.5
*.*. -
IV* -

Am'\

Irdomt Newfoundland

Ncwitiiundtand Purlugat 
I'nMUFiil - Norwegian Sea 
Mauacliuu'lu - Hrrmuda 
Suryaisu Sea 
A/iuiu In Uorbadnt 
Sarftassn Sea ■ New Ysnl 
Mew Lngljmt continental
their

Kelerenee

Olncy and Outers cited In 
Harvey cl al . 197J 1 * 

Harvey tl al. 1971 '*

Olncy and Ouinn. 1974 >• 
tlarvry el al. 1974 “

n.a. - not staled.

substantially htghct ihun subsurface water (30 
cm). The surface, even in the absence of visible 
slicks, is an area of high content ration of oiganic 
materials '* The information 011 PCI) levels in 
sedimenls is confined to areas near sources of 
direct con lamina 1 coo Hmn el ai.15 made an 
analysis of PCD and DDE in a dated core from the 
Santa Barbara Basin of the coast of California. 
They found that PCB deposition stalled about 
1945, and that (he rate of deposition in 1967 was 
1.2X10'* g/m’/yeai. Holden1* and Halcrnw et 
al.1 * have found t’CD's in sludge and murine 
sediments near to dumping areas off ihe coasts of 
Great Bmafo. Linko et al.1* found residue levels 
of 0.01 ppm in sediments in the Baltic, and Dexter 
and Pavlou* 7 found residue levels* up to 0.7 ppm 
in sediments near Athens. An experiment of great 
interest would be to examine dated core samples 
from the North Atlantic remote from direct 
sources of contamination. Such measurements 
would enable us to balance the transport figures 
for both PCB's and DDT in the environment. The 
higher DDT/PCB ratios In the Pacific correlate 
with the findings of Bevenuc el al.1* who found 
DDT in all rain waler samples collected on Hawaii 
during 1971-1972 bul did not detect any PCB’s. 
However, It should be pointed out that the 
sensitivity of PCB detection is considerably less 
thin for DDT. Bidienum and Olncy*1 measured 
the levels of PCB's and DDT in air, ihe surface 
microlayer. and subsurface water in the Sargasso 
Sea. The DDT/PCB ratios were low, typically 0.1 
to 0.004. which is in line with the tow levels 
reported in /.ooplankton over a wide area of the

North Atlantic.1 * which was cotisidctcd by Ntsbet 
and Saroftm lo be the major discrepancy of Ihe 
DDT/PCB ratio data.

A recent review70 points out ihut dcgiadation 
products have not been identified for PCB’s in 
aquatic systems, and flic relative importance of 
degradation and aed intent a lion remains to be 
assessed.

Soedcrgrcn’1 examined the levels of chlorinated 
hydrocarbons collected in nylon nets at several 
sues in southern Sweden in 1970 and 197). The 
gcngtaphical distribution of PCB and DDT was 
distinctly diffeteni, with PCB’s showing high levels 
(up to 10,510 ng pci m'* per month'1) in 
western Sweden and much lower levels (620 to 
2190 ng pet m'7 per month'1) in caslcrn areas, 
whereas DDT shows little variation between 
sampling points. The higher residues in southwest 
Sweden presumably come from local Swedish 
industry with likely additions from Denmark and 
industrialized districts of West Getmany.

Bidlemail and Olncy1' tackled the problem of 
the relative importance of particulate matter and 
free molecular form. They found that filter- 
retained PCB were less th.m 1% from Bermuda of 
samples analysed in 197,3. A similar situation is 
found with the authors' values from Rhode 
Island17. although Bidlcman cautions that re­
evaporation from the filler may increase the free 
value. Bidlcman and Olncy found values of 2.1 to 
9.4 ng/nt* for Rhode Island. 0.21 to 0.65 ng/m’ 
for Bermuda, and 0.72 10 1.6 ng/m1 for the 
Sutgtsso Sea. Their value* are higher, by two 
orders of magnitude, than earlier work on otgano-

* It cud uc levels sic sited in parts pet million {ppm! fulli.wtny usual tsiOvcrltitn. lists it cs|usvjlcnt lt< Mp/y 
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<ij Quinn cited in 
ct »i. 1973 ** 

n at.. 1973 *■

mJ Qginn, 1974.** 
,1 »(.. 1974.*'

•dreed by Nisbet 
■epincy of the

h:il degradation 
il fot PCB's in 
importance of 

remains to be

it of chlorinated 
nett at teveral 

i and 1971. The
■ and DDT was 
•ii'ing high levels 
t month"1) in

■ levclj (620 to 
nt eastern areas, 
■at ion between 
ics in south west

local Swedish 
in Denmark and 
many.

(he ptoblem of 
tljie milter and 
nid that fitter- 
tun Bermuda of 

■tilar situation is 
- from Rhode 

■iilions that re* 
nutcase the free 
values of 1. I to 

t to 0.65 ng/m1 
tig/m1 for the 

higher, by two 
work on organo-

chlorincs in this area,1 1 but these workers 
collected samples using hanging nylon screens 
which only trapped PCB's attached to part util ales 
Eiichi and Ito1* found values around .1 ng/m1 in 
Nagoya, an industrial city in Japan. Current 
findings suggest that the atmospheric levels are 
higher and residence times shorter than suggested 
by previous work.

These findings do not invalidate the general 
conclusion1’1 * that the aeiial route is much none 
important than run off in transpott of PCB's into 
the ocean. Recent studies have frequently failed to 
detect PCB's in rivers, i.e., Grove’* in the Rhine, 
and Sampson11 in major rivers and the Great 
Lakes of North America,

4. RESIDUE LEVELS

The aim of this section is to tabulate the levels 
of PCB’s at various trophic levels in different parti 
of the world- No attempt at completeness is made, 
but selection is made to cover a range of trophic 
levels and as wide a geographic area as possible. 
Unfortunately, studies outside Europe, Japan, and 
North America are eompariivety few

The environmental levels in five major groups 
of organisms are examined- These are: (Il 
plankton, (2) fish, (3) oceanic biids, (4) aquatic 
mammals, and (5) lop avian predators. 
Additionally, levels in human food and in human 
beings are considered.

The level* of PCB’s tend lo parallel those of 
DDT and its major metabolite DDE. In the 
previous section on transport the movement (if 
DDT was considered at ■ basis for comparison 
with PCB. A widely used expression of the 
relevant concentration it the ratio ZDDT/PCB 
where EDDT is (he sum of DDT and its metabo­
lites.

A. PCB Levels in Planktons
Stringent precautions are necessary in the 

collection of plankton in order to achieve accurate 
resulta. Grice ct at.** point out that as any 
ocean-going vessel is an abundant source of pollu­
tants such as petroleum hydrocarbons and pesti­
cides, the collection of uncontaminated samples 
for analysis is difficult. These workers give a list of 
precautions and consider that the internal con­
sistency of the data should be carefully examined. 
Jensen et a!.11 clearly showed that samples 
collected in the wake of the boat are strongly

contaminated will) PCB's from Ihr bottom pauit 
Additionally, these workers showed that the 
chromatographic pattern of PCB’s of wake samples 
resembled the pattern of PCB's extracted from the 
paint, whereas the samples from the how showed a 
difierent pattern. Harvey and Teal11 have shown 
that plankton can extract absorbed hydrocarbons 
from the nei, and further that the net is m 
equilibrium with hydurcarhott materials in the 
water, detritus, and plankton. A sweep of a net 
tlms samples the entire system rather than the 
individual components Ware and Addison1* 
sin died the effect of particle tire on PCB concen­
tration of plankton collected in the Cull or Si 
Lawrence. They found that there was a linear 
relationship between the surface to volume ratios 
of l he difierent si/e fractions and then PCB 
couictit. The levels nT PCB's in the 73 lo 102 uut 
particles ranged as high as 22 ppm on a wet werght 
basis and are easily the highest PCB concentrations 
reported in plankton. The values for composite 
samples (plotted on Figure I) are more in line with 
values for other areas.

While carefully standardized procedures ire 
essential for monitoring of residue levels in 
plankton, there is no doubt that a global system of 
monitoring would udd lo our knowledge of the 
rale of transfer of pollutants lo the open (tecan 
The current knowledge of levels in plankton ate 
summarized in Figure I. The values fur the open 
North Atlantic are remarkably simitar In those 
from such polluted areas as the Baltic and she 
Firth of Clyde. The values for the South Atlantic 
ate considerably tower; unfortunately no values 
arc available fnr the Pacific.

B. Residue Levels in Fish
Europe - The data on levels in herring are 

summarized in Figure 2- The highest levels arc 
found in the Mediterranean and in the Baltic. The 
Baltic has been particularly well-studied and for 
additional information the reader is referred to 
Jensen eta).11*1* and West no and Noren.11

North America - Reinke el a!.1* examined the 
organochlorine levels in fish caught in 7# locations 
In Canada In 1970. Good coverage was obtained m 
Alberta, Saskatchewan, Manitoba, and Southern 
Ontario. Nine localities in the Northwest 
Territories were sampled, but none in British 
Columbia, Quebec, or the Maritime:. Values (or 
levels of PCB arc not given but authors stale 
"PCB's were quite prominent throughout the
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I'tGUKL l. Global PCH't Icreti in planklon, Valuci art in ppm (lipid).

Great Lakes and appeared (o a teaser degree in 
southern Lake Winnipeg in Manitoba and in (he 
Bow River in Alberti.

In (he US , the first major survey of PCB levels 
in fish was made hy Henderson el at.1* Their data 
are mapped in Figure 3 and (he averages include 
those samples In wnich PCB's were not delected 
by plugging in (he value of the limit of detection, 
via., 010 ppm. They found that PCB's are a majm 
contaminant In fish, and, in two thirds of the 
samples, the PCB residues were higher thin those 
of tola) DDT, The majority of the high values arc 
found in the northeast, especially the Gieat Lakes, 
whereas Gulf coast and west coast values ate 
generally low so that the pattern is different from 
that of DDT. There is no suggestion of concentra­
tion around the site of production, viz., St. Louis. 
This survey was made in the fall of 1969, and no 
more recent national survey has yet been reported.

Cair ei at 40 examined organochloiint residues 
in six species of fuh ftom many sampling points in 
Lake Ene in 1970 and 1971. Average values (or

the 6 species ranged from 0.8 to 4.4 ppm PCB. 
considerably higher than those for total DDT 
which were 0.18 tn 0.90 ppm. These findings art 
in agreement with those of Henderson et at.1 * For 
Hie Atlantic const Zitko and Huixinger41 found 
that most marine fish had 0.2 to 0.5 ppm. Ziiko41 
has examined levels in herring in the Marilimcs in 
1972 and 1973 and compared them to the levels 
found by Addison ct al.41 in l*K>8 and 1969. 
Thcic ate some difficulties in that the data are not 
always strictly comparable, hut the majoi finding 
was that PCB levels have remained constant while 
DDT levels have decreased over this period.

Caribbean - Ciam ei al.** sampled a number 
of different species of fish in the Caribbean from 
Florida, around the Gulf of Mexico to Yucatan 
The levels weie low, most below 0.1 ppm (wei 
weight), with the highest value 0 5 ppm near ihc 
Mississippi Della. Glim et al.4" examined teveli in 
the coral-reef dwelling Groupers and only 2 Osh 
on! of IK exceeded 0.1 ppm; the maximum value 
recorded was 0.2 ppm.

0 '2 
.056'

/
>

SU22Z
0)21
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Japan - High levels hive been found in both 
fresh <tnd salt water fish in Japan/*’47 Based ttn 
S95) samples, Fujiwara47 reported that 16% of the 
samples exceeded I ppm and 3% exceeded 3 ppm 
The taller value is standard regulatory value in 
Japan. Doguchi44 summarizing results on 2.R26 
samples round (hat 141 or 5% exceeded ihe 3 ppm 
limit. They concluded "that the pollution by 
PC&'s is dangerously advanced in the aquatic 
environment around the megalopolcs such as 
Tokyo and Osaka and other industrial dislriels, 
and some species of fish in these areas are unfit for 
human consumptions."

Southern hemisphere - Solly and Jiirrison41 
did not detect any PCB s in any species of fish, 
crustaceans, and mollusks from buth fresh and 
coastal waters of New Zealand. Ncuhaus et a!4* 
examining for residue levels of urganuclthirincs In 
several species of fish in Australia, did not 
comment on the pretence or absence of PCB's.

C, PCS Residue Levels In Sea Birds
The residue levels In sea birds, a diverse group 

of birds, have been the subject of many papers 
(Table 8). The information on two species for 
which there is dear evidence of reproductive 
failure in some areas where organochlorme

residues tire high avc given in some detail. These 
species are Ihe hening gull and brown pelican. The 
possible causes of reproductive failure are con­
sidered later in this review (Section 51 
Additionally, data on pclapic sea birds, mainly 
shearwaters and storm-petrels (Pr<«cellariilV>rmes). 
are summarized as for this group the widen 
geographical information on residue levels is 
available. One difficulty in building up a global 
picture of Ihe residue levels is the highly migratory 
nature of some species. The sooty shearwater, fin 
example, breeds on remote Islands in the southern 
Pacific and then migrates around the basin or the 
Pacific passing dose to such industrial areas as 
California and Japan. Ollier species, such as the 
snow petrel, remain all the year in Antarctic 
waters. In some cases, notable sea hiid kills have 
been examined to assess the likelihood that 
orgunoclilorines have been involved.

Herring gulls Hits species is dusdy associated 
with man, paiiicdlarly In wittier when scavenging 
in garbage dumps is a way of lilc Noi surprisingtv 
high residue levels have been found th some areas, 
especially those from the (Jrcai Lakes of Nurih 
America. Reproductive success in some colonies in 
Lake Ontario have been very low.*0 (These 
findings are considered in more detail in Sec dun

S) The

473 CKC Critical H (viewf in t.nvirnnmemal Com rut

NONS 206056



•N

v)A

S). The residue level* in eggs of thr* species arc 
summanMd in Tabic 6. Bjerk and Jloii*1 
examined (he levels of ITU's in 10 colonics in 
Norway. The variation was small, ihe mem values 
ranging from I.SB ppm in southern Norway to 
0.63 ppm halfway up the Atlantic coast- Tire value 
for a colony in the extreme north was 0,74 ppm. 
In all cases the liDDT/PCB were between 0.44 and 
0.H7, The residue levels are higher on the Atlantic 
coasi of North America, bui Ihe levels of ihe 
colonies on (he Great Lakes showing marked 
reduction in breeding success have levels an order 
of magnitude higher.

Brown pelican - The dramatic failure of the 
reproduction of this species off the coast of 
California, first noted in the lale 1960s, was one of 
the cleat-cut cases of a man-made chemical having 
an effect in the environment. In this caso, the 
levels of DDL are much higher than l*CB‘s (ratio nf 
area 0.2) compared with ratios of 2 to 3 In 
Florida, (Table 7). In the failing colony al 
Anacapa the levels of PCB’s arc well below those 
of the herring gulls m the Great Lakes. The DDL 
levels are considerably higher and the main cause 
of failure, egg shell thinning followed by breakage.

is oulstdc the scope rtf this review. Siinrhrly Blus 
et al.1* considered Dial DDF, was the main agent 
in the failutc of brown pelican nesting in Smith 
Carolina.

Sea bird kills Several large kills of sea buds, 
especially alcids. lit ihe Irish Sea have heen 
associalcd with high residues of PCB's in the 
bodies.**'** Purstnw and Jefferies** found that 
the mean total body burden of ITU's in guillemots 
was 4,660 fig (btrdy weight S60 g) in birds found 
dead, about twice (hat found in apparently 
healthy birds collected in lltc same area. Due to 
loss of much of their body weight (the healthy 
birds weighed about I kg), the levels in organs 
were much higher in the birds found dead than m 
those collected. Ilicsc authois conclude that PCB 
residues may have contributed to but not been thr 
initial cause of moitalily. Lloyd el al.** examining 
a later kill, also concluded that no definite cause 
of mortality could be established. Littcer and 
Pcakall** reduced the food intake of ring doves 
preloadcd with Aroclor 12S4 such that the biids 
were losing 10% body weight per week. No 
differential mortality was noled with controls and 
the liver Icvch of ITB’s were some 20 times higher

■ic detail. These 
-wn pelican. The 
failure are con- 

(Section 5). 
i birds, mainly 
•tcellariiformes).

Residue Levels

Vear of

TABLE 6

in the Eggs uf Herring (lutls

mp Ihe widest
Location collection n DDtitppm) Kill ppm) Keltic nec

■\tdue levels is Norway 1969 »0* 1.53 (W) 1 00 (W) Bjerk and ttnll*
ting up • global 
highly migratory

Naw Hrufuwtrk 1969 - 72 5 14.1 tl» 25.4 (I)) Cilhcilson and 
Rcynotdi’ ’

shearwater, (or 
- m the southern

bay of I'undy 1971
1972
197}

13
15
15

2.5! (W>
1 32 tW) 
2.10 (Wt

S3 (Wt
3.3 (Wt
3.7 (Wt

Zilko*1

ihe basin of the 
dust rial areas as

Quebec 1969-72 16 32.1 (lit 65.2 <1)1 Gilbertson and 
Reynolds"

res. such as the Lake Ontario 1973 15 134 (1)1 420 (1)1 Teeptc”

,rr in Aniarclic 1972 16 lit (l)> 565 Gilbertson and

a bird kills have Lake Hite 1972 6 4*.o an 300 tin
Reynolds' *

likelihood that Lake Huron 1972 5 no tm 36* tin
<1. Lake Superior 197) 6" 15 9-33 9 (W) 40.6-64.1 (W> Rydei"
loscly associated 
when scavenging
Not surprisingly, 
nd m some areas. 

Lakes of North 
some colonics in 
low.** (These 

Jrtiil rn Section

Southern 197} 12 11.1 (W|
California*

•Summary frnm 10 colonies. (I ni detail* see tcxl l 
•*Si> pooled sample* from three colonic*.
*Gosely related western gull, 
n - Sample size.

I W _ Wet weight basis.
[ D - Dry weight bails

S.t tW) Hunter al."
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TAIILI 7

Location

Reaidue Levels In Blown Pelican L|p
LiviUm

Yeer
Sample

me DDLtppin) PCHtppm) Reference Davie Su n'

Florida (Gulf coait) 1969 17
Florida t Atlantic eoaill 1969 12
South Caiolina 19*9 II
California (Anacapi) 1969 to
South Caiolina 1971/71 ll*

If
Florida 19*9 14

1970 11
Florida (five colonici) 1969 and 19 7o 17
California (Anacapi) 19*9 and 1970 *5

(LotCoronadoa) 28
(San Martin) *
(San Benito*) 10
(Gulf of California) 4

1.17 (W) 0 *9 (W\
2.24 (W) 2 II IW)
5.24 <W> HI (Wj

71 7 (W1 16 <W>
l.»7(W) 5.50 (Wi
3.23 (W) 7,94 (W)

17 (L) 120 (L)
16 IL) *9 IL)
26 ID 71 (L)

117* (D 110 (L)
1109 <L> 1*6 <Lt
419 (L) 71 (L)
111 (L) 19 IL>
U (L) 4 IL)

Blue ti el."

Bhiictal" 

RMimiV 

R taebrooy h’'

T v tititl jtt 
C«Ur«*rm.t

N«w / v 
S<mth liti t 

New 7r.i(.K 
C«.n«lk Sall.'i:

•SocctmM neiti. 
"Uancnnriil Milt. 
W - Wei weight.
L - Lipid wciphl. 
Ratio W.Lcitce 1:10.

Nvw /t\tl ii 
Su.lU'S Iv1 >

Nc v. /cjl.i1 
Aih U.nul 

Nvw /i ll

Local k>n

TABLL I

Realdur Leveli of Scabirda end Their t-jfi

Special Tiaauc l)l)L(ppm) pCH(ppm) Rrfcicnce

llv.m di" 
evidence 
moi i.ill:

Aacention I aland Sooty tern Liver nd
Central Atlantic

lit n.d.
Fairy (ern Liver 

and rat
n.d.

Maurliiui Trinidad pet ml tw> 1-4-2-S (U)
Central Indian

Hallelt (aland 
Antarctica

WdeofTi petrel Whole
body

11 (L)

Snow petrel WMe
body

O il (t.)

Palmer Station 
Antarctica

WHaon'a petrel Wliiic
body

45.8 (L)

Rota (aland 
Anlardiea

Adelle penpuin Fn 0 O.tttW)

South Oikneyt Chinatrtp penpin tat 0.0 U-0.041 (W)
Antarctica

Skua lal
Liver

5.8 and It 0 (W) 
4.0 and 0.9 (W)

Palmei Station Skua Ebb* 8.7 (L)
Anlaictica

Gracnland Brunnkh't |ulUcmot I’ei 1.5 (1)1 
l.l-S.l toi

W - w«i wei|ht.
D - Dly weighl.
L - Lipid weipht. 
n.d. - Not delected. 
n.e,f. - Nol ea» mined for.

4B0 CRC Critic*! R eriewt in Cmironmrnttl Control

0-9.1 (L) Johnilon"

Johnalon'*
Trace Johnalon"

n.d. Temple end PcakalT*'

11.0 (L) Riaehrnugh end 
Carmipnanl* ’

0.14 (L)

185.1(1.)

n.e.f. Ceoiyt and Fleet*1

n.e.f Talion and Kuticka*

n.e.f.

45.1 <L) KiMbnmph and 
Ceriuipnani*1

’2.9 ())) 
1.9-19,6(0)

Buealrup ei at * *

D. Let i 
A it ■ 

in in;n i’
■iiid nn
levels o' 
‘)| Lr.t 

from a 1
|1|H1I i: 
Jvow i 
tnjil n. 
vtlll.ll I 
I lolisi I 
Adili'- 
Can.n1. 
in l l it. 
Utio’- . 
ft HIM J
JIIUi.1

mu fn
jtii b. 

lit ‘
funnri
Sl'.iIi
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TABLE 8 (conriniicd)

Residue Levets of Stablnli and Their L$p

Local ion Specter 1 istuc DDItniitn) P< "tit ppm* Mrfctcnir

Reference Davis Snail la! - 0.5. 1 7 (W’t Huurne and Hugs
Liver ti.ti.t. tv:

glut ei tl.1 * laiocs Puffin Liver - h i-04
Common guillemot Liver - Oh- t.l

40*N 4*W Fuinitr Livei - 17-59
1 ai 32-103

Blui ei il." Trinidad Gtcal shcirwitci Livei - 0 5.07
Cslifoinia Fulmar Whole - 0.4.3 4.I7.S (W) Riarbiuufh ct ai

Ritcbrough’’
Sooty shearwater

body
Whole _ 7.3,10.3,17.3 fW)

Ruebrough’ *
New Zealand While-fronted tern

body
l« 4.4-5.3 (L) 14 -1.4 iL> Bennington ei at

Snulb Island
New Zeatsnd I'stry prion Whole 5 5-3 9 (L) 0.4-3 3 (Lt
Cook Shail

Diving pelrci
body

Bteasi 1.4-7 9 (L) 7.1- 3.3 (L>
muscle

New Zealand Diving petrel Whole- 0.03 - 0.75 (L) 0.5-0.14 (LI
Snirei island body

Sooty iliearwater 0.5-1.7 iL) 0.X-1,7 (L)
New Zealand Sooty shearwater 7.3 tL) 7.4 IL)

Auckland Island 
New Zealand Sooty shearwater lit. atiuh 10 6 19.7 (L) 1 i 7.7 (L) Diene* ’

lal. chick 1.30.1.77 (LI 0.05,11.1 i (LI

Reference

union'*

union"
'inston"

•uple and Feikalt* *

wbiough end 
armtgnani*'

ni(t tnd Freer*’ 

‘Hon tnd Ruticke*1

-chough tnd 
wmignani'1 
acstrupei el."

than those found in tea bird kills. Thus no alrong 
evidence exists to link PCS levels with set bird 
mortality.

D. Levels in Marine Mammals
A &ood deal of Infunnalitm is available on levels 

in marine mammals. These species are long-lived 
and most arc a< (he lop of marine food chains. The 
levels of PCB follow expeclcd patterns (sec Table 
9). Levels in the ringed seal, for example, range 
from a hundredth of a ppm In the high arctic lo 20 
ppm in (he Baltic. The values fix the grey teal 
show high values near industrial sources in 
England. The 1DDT/PCB ratio shows considerable 
variation. Values about unity were found by 
Hdden71 for both sides of the Atlantic by 
Addison el tl.11 and brink e( il T* In eastern 
Canada, and Bowes and Jonkel74 in the Canadian 
arctic. However, Clausen el »|.7* found very low 
ratios in weatern Greenland and Jensen ei al.,s 
found very high ratios in Ihe Baltic. The small 
amount of data from the southern hemisphere 
confirms Ihe low levels of BCR's foond in pelagic 
sea birds and fish (Figure 2. Table 8).

Both Frank el al 71 and Addison e( il.7* have 
(ound a distinct increase of PCB levels with age in 
seals.

E. Residue Levels in Birds of Prey
The birds of piry have been extensively studied 

in connection with contamination with organo- 
cldorinc compounds. Studies are particularly 
detailed on the peregrine falcon, This species 
breeds on all <he coitllncnis except Antarctica and. 
being highly prized by falconers, there is a good 
deal of background informality on this species. A 
technique for eluating the membranes of eggshells 
from museum collections*4 has enabled studies to 
be made on residue levcti front the time of rust 
usage of the persistent organochlorincs. This daia, 
together with that obtained by analysis of Hie egg 
Contents, is summarized in Table 10. Although 
levels in the southern hemisphere are a good deaf 
lower than in the northern hemisphere, 
appreciable levels arc present in the eggs of this 
(pp bird-eating predatoi throughout its tangu.

The hald eagle of North America and the 
witit Mailed eagle of Europe are similar species 
which feed largely ini full.

In Faoo|>c, Kormanet al.*4 report residue level 
in eagle eggs as ft to ‘17 pptn (wet weight) m 22 
eggs collected from 1969 lo 1971 in Germany 
The range of values of DDE was 1.2 to 17 ppm. A 
single dead eagle had 35 pptn PCB and 4 pptn DDE 
In Its liver. Even higher values, vie., 157 ppm HCB's
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TABLl'9

Levels H> Seals and Oilier Marine Mammals

Spec in Locality

Rinpcd ie«l Arctic Canada
Altlic Norway
Bailie
C.uir of Bnlhnic
Wes l cm Greenland
James Bay
Western Greenland
Antic Ocean

Harp seal Gulf of Si Liwrcncr 
Newfound la nd/Labrador 
Jan Mayen
Barcnt Sea
Gulf of Si. Lawrence 
Newfoundland/Labrador 
Gulf or Si. Lawrence

Hooded seal Gulf of Sl. Lawrence 
Western Greenland

Grey teal Bailie
Gulf of (inland 
Stockholm Archipelago
Orkney, Scotland 
Western Scotland
1 jtlern Scotland
I jslcrn l.nyland
Wales
Gulf nf St. Lawrence 
Western Scotland 
l ames Island
Eastern Eri^and

Bearded seal Western Greenland

Halbor seal Ma me
New Brunswick

California
Orcpon
Washington
Alaska

Holland (juvcnllcl 
Holland (adult) 
California

Bot Unnoted ItoUand
dolphin

Rctidwr*.

PCS tUDT Number Reftumcv

3 2.1 3 thildcn'1
l s 24 3

21 23.8 i
13 130 * Jcnn-n el at *1
09 0 15 s Clausen el al "
1 0 1.3 l Bowes and Junket*'
0 16 U. 18 1

001 19 016-2 8 17

12 6 3* 56 Pearce el «l**
1.2 ll SI* 6 Holden citedm Pearce ei al
IS oso* 7
i.y 094* S

2 6-10 4.5 1116 24 Hank el el. ’ ’
1.2-26 10- 50 0 54

2-22 3.1-22.6 IB Addison cl al ’1

3 10.2 1 Hidden"
2.7 029 S Clausen cl al,"

30 130 Jensen el al.’ *
6.J 42

13 130 -
IS 13 8 Holden’1

16 30 91 13 7
38 20.1 16

123 39.7 2
212 17. S 3
27 32 4S 49 7
14.4 7,4 6 llcpidcslon* ’
31.0 10.7 7

1S2 IS.S 4

1.8 0.47 S Clausen el al.”

92.S 6S.4 6 Gaskin er at’*
41.0 31 0 4

PC»« iiDOT**

6H) - Anas’’
62

162
11 *

PCD lddt

'40 2 3 Kitcnvm et il.1*
’,470 9.5 S
Nol Haled IB and 158 2 Shaw"

35 20 5 2 kncmqACl ll M

Common New Zealand Noldeleeied S3
dolphin

4 Kocminetif**
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TAHLL 9 (comimicO)

Levelt in Seali and Other Marine Mammal!

Rcfiilnci ppin (blubber)

Specie* Locality Pen 1.DDT Numbei Reference

Sur iru m Dutch Guiana Not detecied 2.7 1 Liftman cl al.**
dolphin

Hatbnr Nonh Sea U 41 7 Kiicman cl at.**
porpoiec

Weil cm Greenland 6.7 0 3 2 ClaiKcn cl al ''

Scallop California 112 R24 6 IK Long rial*'
17 103 4

finback whale North Atlantic 001-0.11 0.66-2.56 Saubcnbt echer* *

Pitot whale Caiibbcan 0.69-5.00 1.25-7,31 Gaik in cl al.**

'DOt only.
••Only one utnplc analyzed for individual compound'; thi« n« 1.100 ppm DOC, 96 ppm DDT, and $72 ppm PCB 
"tcivinf biith to premature pupt; other lamplc going folt-teirn.

TAB1.L 10

Or ginoc Murine Leveti in frrtgrine l|p

Date and DDL PCB
Lucalily tample aiic Ippm, w) (ppm. ») Technique Reference

Amthltka, 1971-73,10 2.5-7 5 SO Whole egg I'cjkuH cl el.**
Altnliani

Interim 1971-73; 10 41-10 32-60 Whole egg
Alaaka

Greenland 1972; 1 36 40 Whole egg Walker et al.**
California 1941-49:3 3-9 n.d. Membrane Peakatl* *’* *

1950; 2 4, 30 n.d„ 15 Membrane
Colorado 1973; 4 33 S.t Whole egg Ifodc raon and Craig'
Gteal Britain 1962- 66:12 4 4-21 4 not determined Whole egg Rahllffe**

1967-71:54 2.3-10.1 1.0-4.0 Whole egg
Chile 1966; 1 1.5 4.0 Membrane prakall and Riff* *
ScHiihwetitrn 1970; 1 10 1.0 Membrane Peakall and Riff*'

Africa
Aniiialta 1949; 1 1 7 n.d. Membrane

1*51; 1 3.1 nd. Membrane
New Zealand 1973; l 3.1 4.9 Whole egg Bennington el al.**
Auckland Dland*

•Qnidy related Nee- Zealand Vatcon. 
W * Wet weight 
n.d. - Mol dr acted.
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and 172 ppm DDE. were recorded Tor two 
while-tailed eagle eggs from Uie Gulf of 
Bothnia*1

These level* are high compared to those of the 
bald eagle from the U.S Alaskan Eaglet in the 
Kodiak area averaged 2,2 ppm (range 1.4 to 5.4 
ppm), and those from the Admiralty island only 
l .l ppm (0.4 to 2.3). From the continental U.S. 
values ranged from 2.2 (Minnesota) to 27.7 in 
Michigan. Five eggt out of 11 exceeded 10 ppm 
Residues of DDE were distinctly higher** Brain 
levels in adult bald eagles Tanged fntnt nace to 65 
ppm in 1969 (n « 28) and trace (*: 230 ppm in 
1970.** Levels of DDE were similar, but median 
values were lower.

F. Levels of PCB's in Humans and Their Food
In considering the problem of contamination of 

human food by PCB's, It Is necessary to separate 
occasional accidents leading to serious but local 
problems from the "normal" background level. In 
Japan, PCB's leaking from a pipe in a food 
processing plant led lo rice bran oil containing up 
to 1,500 ppm of organic chlorine comprninds. The 
main findings of this occurrence, termed "Yuiho," 
were described in a special issue of Fukuoka Ada 
Mtdieo in 1969.**’** In the same year contamina­
tion of some two million chickens occurred in 
Japan1 *- at a level high enough to cause 
symptoms similar to chick edema disease. Over a 
million chickens were destroyed in the U S. in 
1972 after accidental contamination.1* ’ While 
lhe«e accidents produce the moil serious cases of 
PCB poisoning on record, they are the result of 
carelessness and the main concern of this review is 
to evaluate (he effects of overall environmental 
contamination.

The question of (he role of chlorinated 
dibenzofurani, which occur as impurities in PCB's 
causing effects ascribed to PCB's, is a difficult one 
to evaluate. The chlorinated dibenzofurani are 
much more toxic than PCB's. Severe and lethal 
liver damage in rabbita hat been caused by 0.5 I o 
1.0 mg/kg.,#l*•**'* Thus, the chlorinated 
dibenzofurani are some orders of msgnilude more 
loxic than the r'.iorfnaled biphenyl*. The chlnr- 
insted dioxins are even more loxic with LD«0 
values as low as 0.6 ug/kg reported for guinea 
pigs.,0lC Vo* et *I.,,T found 5 ppm of penta- 
chlorodibenzofurani in Clopen A60 and 20 ppm in 
Phenocior P60, bul less than I ppm in Aroclor 
1260. These differences In Turin levels were 
correlated with differences in toxicity.

Attempts to detect dihcn/nfiiratis and dioxins in 
wildhre samples have filled,’011’’0,1 bul these 
studies were carried out in Canada and (lie U. S. 
Studies in Europe, where the levels of chlorinated 
dibeu/.ofurans ire higlscr. would be of interest. 
Recent studies in which PCB levels up to 100 ppm 
weie fed in ducks icsuliing in tissue levels up to 
3,000 ppm, failed to reveal chlorinated dlben/o- 
futons. Ih In litis study the initial levels of 
furaos was about I ppm. The possibility that 
highly loxic impurities are involved in actions 
ascribed to PCB's is real, bul lias rarely been 
definitely demonstrated,

A sampling of levels of PCB's in food are given 
in Table II. As might he expected, lewis ire 
highest in fish (see also Section 3.3), In oilier 
foods the levels detected are low. The tentative 
acceptable daily intake in the U. S. lias been tel at 
150 lo 300 pg/day,nl. whcteis the avetage intake 
has been calculated lo he only 7 pg/day.1*1 
However, * study by Price el al,1*4 on the diclof 
8 girls in Virginia found that while 4 had only 
traces of PCB (i.e.. less than 0.001 ppm), 4 
contained 200, 420, 580. and 840 pg/day. In 
certain areas, viz., northeast U. S., Japan, and 
much of Europe, persons citing considerable 
amounts of fish would be expected lo exceed the 
FDA guidelines.

Levels nf PCB's have been measured in human 
adipose tissue and in human milk (Tables 12 and 
13). Wlieic possible, the residue levels of PCB's are 
compared to (hose of total DDT. In general, the 
levels of PCB's arc lower than total DDT and in 
tome cases PCB's were not delected, viz., adipose 
(issue and milk from Texas.’**',Q* In (he 
tout hern hemisphere PCB's were not delected in 
human* from either New Guinea1** or 
Australia’*7 despite the fact that DDT and Its 
metabolites were delected in both groups.

Finklea el al.10* examined the level of PCB's 
and total DDT in 723 plasma samples from 
persons in Soulh Carolina in 1968 (see Table 14). 
They found marked differences in the levels of 
both compounds by holli race and residence. The 
PCB levels ran from a tow of 0.3 ppb for rural 
blacks (with less than 5% positive) to 3 1 ppb in 
rural whites (with over half positive). No signifi­
cant variation was found by either age or tex. 
Considerably higher levels have been reported 
from Japan, where healthy persons were found to 
average 10.6 ppb and PCB-intoxiciicd patients 
averaged 18.3 ppb.1 °*

A similar elevation in persons suffering from
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Levitt In Human Foot!

Riod Area PTll level Reterens'e

Ti,h (various U.&. (Atlantic and Valuer ranpiny up lo 0.65 pptU, Markin cl at.’ “
species) Cult coast) 66% positive

Herrins oils i-jslern Canids 1.7 |o i 0 9 ppm Add-on el at.*1

Cribs Values up >n 0.15 ppm,
66% pfisii ive

Seer fit U.S. Occasionally present < 1 O'/S- 
positive), maximum value 0.69

l ord el at.11 •

Cheese Canadian
Isurupean

0.01 lo 0.17 ppm*
0 01 In 0.01 ppin

Vitlcncuvc rt at.'

Chicken cm Canada Mean value 0 000 ppm,
100% polilivc

Mrset at."’

Japan n.d. - 0.01 ppm Fujiwara* ’

Butter * Norway 0 01 to O.Ot ppm Bjcrk1' *
Japan n.d. - 0 01 ppin l-'ujlwira*'

Marine products Japan 0.005 lo 5 ppm t'ujtwara* ’

•Only une value above 0.6 ppm. 
ltd. - Nut delected.

i “Kanemi Yutho" wai found by tnoue et al.,"° 
although the actual valuei were lowei. These 
workers found a mean value for rural persona of 
2.7 ppb, urban persona of 4.5 ppb and “Yoslti" 
patients of 7.0 ppb. The elevation of PCS levela in 
patient! over the normal population is relatively 
amall, but these measurements wete made five 
years after the Initial poisoning. This group also 
axamined tltc correlation of adipose tissue levels 
and blood plasma levels.111 They found mean 
values (n ■ 17) of 1.6 ppm in adipose tissue and 
4.9 ppb in plasma. No correlation was found in 
levels for individuals, and It was concluded that 
equilibrium had not been reached. The 
XDDT/PCB ratio for adipose tissue was 3.8 and 
4.9 for plasma.

to be due to loss of body fat and hence to 
increasing circulating levels of organochlorines. 
The change in the ratio of DDT to PC8 front 
nonpalicnti to patients is surprising, and the final 
level of PCS’! in the blood is high in the latter 
group.

No PCB’i could be delected in human embryos 
from Japan and levels hi fetuses were only in the 
parts per billion range (2 to 28 ppb) at term.11 * 
Again in I hit study the levela of total DDT were 
higher than those of PCB’i. The EDDT/PCB ratios 
in liumaus are typically above unity and thus 
different from most other top predators.

5. PHYSIOLOGICAL EFFECTS OF PCB s

Hcsselberg and Scherr1'* examined the levels 
of PCB and DDE in palicnls suffering from various 
carcinomas and from apparently healthy adults. 
They found an average level of 3 ppb DDE In 
nonpitients and failed to detect PCB’s in these 
persons. The corresponding values in cachetic 
patients were 21 ppb DDE and 47 ppb PCB. The 
increase In patients suffering front cancer is likely

The physiological effects of PCB’i arc consider­
ed mainly on a class by class basts, in general, lire 
effects ate sufficiently different from mammals lo 
birds to Dili to make this the most convenient way 
of handling tire data, In some cases, notably 
en/.yme induction, the data lend themselves to a 
wider consideration. Acute toxicity is considered 
Itrst, followed by effects on reproduction.

September 1975 485



UnU of K'l i and DDT in 11 u man Ailipixt Tjiw

Atci Dale

I*C"nippm)

Meant lange) 7M number) Mcanltanpi!) Rcfcirnce

US. (Michigan) 1971 Negative
Tract in 10
1 0 tu 2.0
Z.O

2 Of* 4)
55 6*1109) 
36.7*<72> 
s.67mi)

Not staled rrite and VVelt

U.S (Michigan, 
riorida. and Culoiado)

1968 69 Negative
Tiace in 1.0
1 11 tu 2.0
Z I)

>4 27M2JS1

27 XMIIRS) 
S.27HJ6)

Nnl ilalrd Yobs’ ’ *

U S (Texn) 1969
1970
197)
197 Z

Nut dcicvlw!
Nui ilcleclcd
1 Tt0.6 in 9.9)
Natl detected

13.0
21.0
22.)
29.3

•urns’**

Norway (Oslo) 
(Rikihoipitahrt)

1969 70 axtuo o in Z.T.1) 
0.60(0 23 m I t))

i 90(0 It t« 6,72)
3.18(0.61 In 9.40)

•jerk’"

Germany 1974" 6.8 tu 10.0* 3.8 tn 7.S* Ackpt and 
Schulte1’’

Austria (Vienna) 197 J" 3.S 4.6 fscnduKet *t 
it’"

Japan (Tokyo) 1971-72 2 H0.7 ip J.t) Not dated tJoguchi* *
(Kyoto) 1971 4 7(1.9 lo 1)3) 9 8(4.2 to 14.8) l:u|iwaia* ’

1st ad 1974" 2 75 9.94 Wastcrmann’ ’ •

'Meant from five eitte*. 
"Vtat of publication.

Notes.' An catty repurl or ZOO and 600 ppm’ "in twu sample* it pieeuutahly in error. Addiliunal references of data I mm 
Japan are (Wen in DoguchL’ *1 Valuer are niutHai to thole cited above.

A. Acute Toxicity
Mam mala - The acute toxicity of PCB's ii low 

compared to mutt organochUwlne pesticide*. 
Grant and PltOltps1 ** found U)l# for rai* of 1.3 
to 1.5 g/kg for Aroclor 1254 with younger rati 
having somewhat higher value* titan older animal* 
and virtually no difference between the icxct. An 
LD1# of 4.2 g/kg for Aroclor 1242 wa* found by 
Druckncr el al.1** Value* around 29 g/kg have 
been reported for mice,”4'' ’* and Ckgg”* 
cite* value* of 8 tu It g/kg for rahbtii. By 
eontparitnn. the LD*n for rat* of DDT ii 0. II 
g/kg. and dicldrin 0.06 g/kg.1*1

tn feeding experiment*. Tucker and 
Crabtree* ** found 100% mortality in rail fed 
1,000 ppm Aroclor 1254 within S3 day*.

416 CUC Critical H mem In tfnironnicntal Control

Kimbrough ct at.'** fouttd only 50%mortality at 
lire same dosage in an K-tnontli tludy. An 
tnomalout situation is Hie high sensitivity of mink, 
in I hi* specie* 3.6 ppm Aroclor 1254 produced 
100% mortality within 105 day*.14* The repro­
duction of this species is also very sensitive to 
PCB’i (see next sect inn).

Birds - Heath'4* measured the dietary Lf,* 
for several different Aroclors. Their definition or 
U\„ was the ppm of a chemical in an ad lihtlum 
diet expected to prodocc 50% mortality among 
2-week.old birds in K days, with 5 day* of inxic 
diet followed hy 3 days of untreated diet. These 
workers studied four species of birds, viz., mallaid, 
plicasant, bobwhitc, and Japanese quail, and six 
Aroclors (1232 to 1264). In general, (he toxicity
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Lrvcit nf FCB'i •nd DDT in llunun Milk

y PClKppiu) DI>Tt ppm)
Are? Dale meant w nteanfranpc) Rrltmitf

Reference
U.S (Cnloudo) 1971 72 <1i 04 in 0 lOt (0019 lo0 3K(.) Savage ct at ”•

,t and Welch' * * (Texas) 1971* Nisi detailed Present Djinenr ct at.’ **

Canada tNew tliun'w,r kt 1972 ttdl 2rt»ni' o. oojtn (I.03MI1017 tn O.tKiR) Mnsiatei A ‘ ••
(Kiiva St un?) 1972 UOIIlOOII in 0 U 321 U.0I V<0.(K>9 in 0 0.'ll

Norway (Oslo) 1969 71 not noomoim 01)54(0.01 tn n;:» Bicii'4’
(lleilffn) OOUdiece tn 0 02> 0 (177t(f*t (U 0.211

Sweden 1971 72*' 0 025 (1059 WesliKund Novni1 ’1

ISTPl' ** Get many 1970* 0 103 0.081 Ariel and Schulte'11

Jepen (Kyoto) 1971 005(001 |.i 0.31) 0 095«l.00b lit 0 44) llijiwei?*'

New Guinea 1971* Nut detect ed Pinenl Hymen 1 et at.*"
if tk *11

Austtaiia 197 J* Not detected 0.064 Siyali' *’

I, kc< and 
Sihuhc”’

l\rnd(irfci cl 
?)’»*

I inpuclil4 *
I ujiwita* 1

tt;iMCim»nn' ’ *

rrenets of del? fiutn

<0% mortality at 
•nilt study. An 
nsiiivity of mink: 

•i 1254 pioduccd 
The repro* 

very sensitive to

ihe dietary Lf **
> licit definition of 
.il in an ad libitum 
mortality among 

:lt S day* of loxic 
iicited diet. Tltetc 
1'iidi. vil., matlaid. 
«**e quail, and fix 
■ncral, the toxicity

•Date of public?(inn.
••Weitoo1 ’* stater llut the average HCB level in human milk in Sturkhuhn •coins lu have increased flow 1967 to 197 2.

TABLL 14

Lcvch of PCIt anil Total DDT in Blood Collected ftom 
Humans in Souih Catotina in 1968

Mean plasma residues tppb)

Residence, race rcR Total DDT Sample sirr

Rural. Mark 0.35 209 139
Urban, Mark 1 97 12 5 173
Uthan, white 2 4 4.7 199
Rural, while 3.2 5.6 210

After l inklca. J . Plicster, t. I. , Creatim. J. f., Ileum, 
T., limners, T , and Itammci, 1). I., Am J. PuMk 
61.64 S, 1971

of the AroclofS increased aa ihc percentage of 
chlorine increased Although there were some 
cxcepllims. Some tpeciet variation was noted: tlic 
Japanese quail was rise least sensitive with LT*« 
values ttf 2,IH5 tn 5,000 mg/kg and tlic bobwhne 
was (he moat sensitive with values of 745 to 3,000 
mg/kg. In general the toxicity or Aroctors was less 
than either DDT or DDE, although ihctc was some 
overlap in tlie case of DDE.

Subsequently these workers' *5 fed Japanese 
quail diets containing Arne lor 1248, 1254, and

1260, such ilia I Htc birds received equal amounts 
nf chiuiinc in iltcir feed. It was concluded that 
while toxicity was positively correlated with rite 
degree of chlntinaitoit, it is nut simply a function 
nf chlorination.

Harris and Rose14* found a reverse situalinn m 
chicken - a species not studied by Heath and 
ctvworkcts - in that Aructor 1242 was more toxic 
lltiitt 1254 which in turn was more toxic than 
1260.

Fish Wildish144 found that rite leilul 
llircsholit for (ininnunit iHtvitmiy was 0.001 lo 
0.01 mg/l fot colloidal sotulioos of Aiocior 1254 
and 0.01 (o 0.1 nig/t fot Ari'clnr 1254 solubilized 
in an emulsion. Hatlula and Karlog'4' found a 
linen relationship between rite time fm 5077- 
mortality and the log of the concentration of 
Gophen A50 for goldftsii. With a concentration nf 
4 mg/l, Ihe lime for 50% mortality was 5 days: at 
0.5 mg/I the lime was 21 days. Hansen cl at.'44 
found that Ihc time fur 50% mortality for pinfixli 
exposed to 0.005 ing/l Aiocior 1254 was 12 days 
and 18 days fur spot fish. Tlic tatter species was 
not affccled by 0.001 mg/l. Morgan'41 found riot 
2 mg/l Aroclor 1242 caused 100% mortality of 
guppies, but only 25% mortality was caused by 0.2 
mg/l.

Septeillbti 1975 48 7

HONS Z0*S*5



Crutiarean* - Duke e( a).'** found that 0.1 
mg/l caused 100% mortality of juvenile pink 
shrimp within 48 hr, whereas 0 01 mg/l (lid not 
cause mortality within this period. Complete 
inhibition of oysier shell gmwlh was found at 0.1 
mg/l; at 001 mg/l, the inhibition was 41% and at 
0.001 mg/l. the value was 19%.

Insects ■ Lichtenstein ct al14* found that 
PCB's were 40 to 300 times less toxic than DDT to 
huuse flies and fruit flics, the toxicity decreasing 
is the chlorine content increased. Mnrnniy,,# 
found that the grasshopper lud a low suscep 
tibilily lo Arnclor ) 254.

II is clear that the acute toxicity of pure I'CB's 
is low compared to either niguimchlnrine com­
pounds in widespread use. such as the insecticides 
DDT, dieldrin, bcn/jcnchcxjcltlorfdc, aldrtn. and 
endrtn.

B. Liver Morphological Changes
Morphological changes in the liver have 

attracted a good deal of atlcntlon, suiting with a 
study by Bennett cl til.1*1 Inhalalion studies 
(0.S7 and 0.93 mg/in* 16 hr/day for up to 143 
days) on rats ted to livers which were pale, nr 
slightly yellow and mottled. The mosl conspicuous 
change was hyaline degeneration, Increased pin- 
mitrerwe of cytoplasmic granules and increased 
vacuolization. No increase in liver weight was 
noted. Most rats given 3 g daily (05% chlorine) 
died, survivors showed enlarged livers with swollen 
cells. Al a dose level of 0.5 g on altermiie days 
enlarged livers (33% increase) were seen, with large 
numbers of acidophilic hyaline globules in the 
cytoplasm.

Nishintmi'*1 examined the fine structure of 
livers of mice and monkeys exposed to PCB's. The 
dose given to the mice was high, 0.5%, but the 
dote given to monkeys was 1.4 to 16 mg/day. The 
most marked alteration was an increase of the 
smooth endoplasmic reticulum and a reduction of 
the rough endoplasmic reticulum. It was con­
sidered that this proliferation of the smooth 
endoplasmic reticulum corresponds to hyaline 
cytoplasmic inclusions seen under ihe light micro­
scope. Cytoplasmic Inclusions, consisting of con­
centric whorls of closely packed smooth mem­
branes, were noted in the mice. Additional 
findings were swelling of Kupffer's cells with an 
increased number of lysosomcs and vacuoles.

Kimbrough el al.1,4 exposed rats to a diet of 
20, 100. 500, 1.000 ppm of Arnclor 1254 and

1260 for a period of H uroliths Increasing liver 
weight with increasing dosage was noted, hut was 
not statistically significant for female rats at 20 nr 
100 ppm Arnclor 1260. In mate rats exposed lo 
Arnclor 1260. enlarged hepatucytes and inclusions 
in cytoplasm were commonly noted at all dosage 
levels; Increased lipid was noted m all rau ai 100 
ppm and higher doses. The effect .was less maikrd 
in females, will) little sign of effects al 20 ppm. 
With Aroclni 1254. the findings were simitar 
except that adeunfihrosu wax marked at higher 
doses. Uliiaslrnctuiat changes consisted of an 
increase of the sinonlli endoplasmic reticulum and 
of atypical uriiochondtia. The epithelial com­
ponent of adciiofihiDSis consists of fithlet cells and 
celts similar to llrnsc of the epithelium of the bile 
ducts. In a taler study these workers1*'’’1 *4 
studied ra< livers fur H months after exposure to 
500 ppm Aruclor 1254 for 6 months. Liver 
weights decreased ovet this period from b.32% to 
3.34% (control values .2.44 to 2.59%). Morpho­
logical clwngcs persisted over the recovery periud 
with small lipid vacuoles in the cytoplasm of 
liepalocytcx churirclcntiic of the recovery phase. 
Ademiftbrnsis was examined in more detail and 
was considered likely lo he a permanent lesion. 
The final residue levels io ihe liver range fmm 17.3 
to 26.2 ppm after R mouths off dotage.

Allen and Abiahamson** * exposed oils to a 
diet of 1,000 ppm nf Atoclor 124R, 1254. and 
1262. Approximately threefold increase In liver 
weigh! was noted, with some incense with 
increasing chlorination. Tire morphological 
changes - proliferation ot ,i|rc smooth endo­
plasmic rcliculum, formation of large membranous 
concernrtc arrays and lipid droplets wilhin lire 
cytoplasm agree wills other workers. There was 
some indicnlitNt of decreased en/yme activity after 
six weeks as compared In four weeks, but the 
etianges were n»( consistent from enzyme (o 
enzyme, nor were the changes marked.

Hansel) -and Kctrhichou' ** have studied Ihe 
effect or a series or putc isomers, biphenyl, mono-, 
di-, tetra- and ociachloiobiphenyts, on the 
morphology of rat livers. They found (hat hi- 
phenyl, mono, and dichlmnhiphcnyls caused hnte 
morphological change, (ml that the pure higher 
chlorinaicd isomers caused changes comparable 
with Atocjot 1254 and 1260. Tiros for this 
response to PCB's. tire pure isomers and commer­
cial mixtures act in the same manner.

Litlerst cl al.1*’ found no effect on liver
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! welgln at 0.5 or 5 ppm for 4 weeks willt any 
| Aroclor studied (1242. 1248. 1254 m 1260) At
I 50 ppm, significant increases were found fur sill
' hut 1242, and at 500 ppm all ArtKlors caused liver 

erdargeincni. These workers also studied the ind»c- 
(ion of hepatic eti/.ymes, finding some enhance- 

I men! as low as 0.5 ppm Hie conclusion is th»i 
! liver enlargement is a good deal less sensitive to 
j PCB’s than the induction of some hepatic 
; enzymes. This conclusion is in agreement wilh 
| work on other organochloiincs.
. Detailed sludtes tin altcraiions ot the liver have 
j not been made outside those on mammals. Liucci 
! and Peakall’** ntrled an increase of cytoplasmic 
i RNA in American kestrels exposed to a diet of 5 
. ppm Aroclof 1254 or (260, an attention lltat 
- would be expected to correlate wilh proliferation 

of the smooth endoplasmic reticulum.

C Hepalic Enzyme Induction
One of the best siudied effccls of nrgann- 

chlorine compounds has been the induction of 
hepalic microsomal enzymes in mammals. Sec for 
examples reviews by Conney* ** and Conncy and 

j Bums,’*®
Alvares el •I.'*' found that Arocloi 1254 

enhanced the activity of all hepatic enzyme 
systems studied (viz,, henzo(a) pyrene hydroxy­
lase, etltylnioiphinc N-dcmelliyla*c, and cyto­
chrome Pas#). In this regatd, PCIl's have the 
inducing properties of both barbiturates and poly­
cyclic hydrocarbons. Since Aroclor 1254 is a 
mixture, It it possible it cnnliins one or more 
compounds with barbiturate type inductive 
properties and one or more compounds of poly­
cyclic hydrocarbon class of inductors. 
Alternatively PCB’s may possess the combined 
properties of the two classes of inductors.

Bruckner el al.’** found that Aroclor 1242 
enhanced the activity of both N-dcmethylution 
and hydroxylilian enzymes. The relative induc­
tion agrees with the findings of Alvares et al.1*1 
that hydroxylitton enzyme activity it increased to 
a greater extent than Ndcmcthylalton activity. A 
single dose of 100 mg/kg was enough to cause 
significant Incicaae of enzyme activity and increase 
of liver weight.

Chen et al.’41 studied the effect of (wo pure 
isomeric set rachl or obi phenyls (TCB) on hepatic 
enzyme systems. These workers found noticeable 
differences between tht effects of 2,2,4,5 TCB, 
caused enhanced enzyme activity of ethyl morn

t

pltiuc N-demcthyl.isc and aniline hydroxylase nt 
Ivi’th male and female rats over Hie dove range 5 to 
40 mg/kg daily lor 5 days With the .t,.t',5.S’ 
isoinei enhanced, enzyme activity was tinted only 
fin the male rats, whetras significant decreases nf 
Cn/yme .n livily were noted fur female, liven with 
the males, peak activity of aniline hydinxsl.ne was 
noted at 5 mg/kg with small rtbiaucniicm at 20 
and 40 mg/kg These findings indicate that studies 
of mcihanism nf indnciiitn may be difficult to 
evaiu.ile iT cinimtcisial tnixuncs of PCIVs aie used

Johnstone cl al.14*1 studied the effects of pure 
hi phenyl and isnmciie.illy pure mono-, df, letra-. 
hCxa-. and octoclllmobiphcnyh (Hi ItcpaMc fi.nc- 
linn in the rat. These woikets studied the billow­
ing hepatic en/ytnc system*: O-demeth) lisc, N- 
dcmcthyl.ise, aniline hydroxylase, nitroreductase, 
in addition to conjugation of hioinosullphihalein 
and iK'utohathital sleeping time. There wnc some 
variations from enzyme system to enzyme, hut in 
gcnetal, little nr tin cffccl was seen with |hc pure 
biphenyl, 4-timno-CI, 2,2’,2,4'.2.5,2',S,1 whereas 
imikcd effects were seen wilh 4,4’, and the three 
hcxachloio- and ime ocUtchhuoliiplienyls 
hictcases in enzyme induction paralleled closely 
decrease* in bailiilurate sleeping time. These 
woikers also found similar hepatic enzyme indue 
lion with the commercial mixtures, Atoeloe 1 254, 
and 12<<0. in thi»sc found wirh ihc pmc hexa- ami 
nctnshlotn isnmets. The marked effect of 4.4' 
corn pried with the nlhci low clitorn compounds 
shows the difficulty of evaluating icsuhs limn 
intxmres.

Chen and DuBois' ** studied the effect of three 
difrcicnt Atnclors (l 221. 12S4, and 1260) on ihree 
hepatic enzymes (N-dcineiliylasc, niitophenyl 
pltosplionntliioaic detoxification, and O- 
dcmctliylasc). hi all cases, the least chlorinated 
ITH (1221) was the weakest inducci. and In most 
cases no significant induction was observed. The 
most marked induction was Aroclor 1260 on 
N-dtmcihylase and Aroclor 1254 on O- 
dctncthylasc. These workers also studied the dose 
response of Amclor 1260 end its interaction with 
DDT. They found significant increase nf the ini*s( 
sensitive cn/ytnc system (N dcnicibylasc) at a 
dietary level of I |i|tm Aroclor 12(r0 fm t week 
and the olhci systems wcic significatrlly elevated 
al this dietary level after J weeks. DDT -j! 5 ppm 
fm I week stimulated nil enzyme systems, and a 
diet containing DDT and l*CB showed additive 
effects on N-dctnetliylase, but not with Hie other 2
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enzyme systems. These workers also uuicd that 
malt mis were more sensitive Dun females end 
that young injles were more susceptible lo enzyme 
induction than adults.

Liltersl et al.’*’ studied the effect of four 
Atociors (1242, I24S, (254, and 12f*0)on several 
hepatic enzyme systems (uiirorcduclirm. 
demcihylation, and hydrnxylahon). In general, (he 
degree of enzyntc induction increased as cltiorina- 
lion inn eased, and a dnsc-rclaled increase was 
found in all systems. Induction was seen al the 
lowest level examined, viz., 0.5 ppm for 4 weeks. 
The level of cytochrome Paso was less marked 
than the enzyme systems

Bickers et al. *** found Hut Atoclor 1016 was 
a less potent inducer of hepatic eu/.ymt-s than 
1254. Dosage was 25 mg/kg daily, intrapcrituneal. 
for 6 days. Hydroxylase activily was stimulated hy 
1254 but not by 1016. Interestingly enough, 
hexobarbital sleeping time was significantly 
reduced by 1016(48 miu vs, 100min by controls) 
as well as by 1254 (24 min). N-dcinethylase 
activity and cytochrome P«*# levels were 
increased by both Aroclors, ullhnugh the effect 
was much more marked with the higher 
chlorinated material.

Li 11 erst and Van Loon1*4 examined the 
effectiveness of Aroclor 1254 as an inducing agent 
compared to two well-studied agents, DDT and 
phenobarbilal. They found that PCB’s were far 
mure effective than phenobarbilal and at least as 
effective as DDT They found that 0.05 mg/kg/duy 
for 30 days was not effective, but that 0.05 
mg/kg/day caused a significant increase in micro­
somal hydroxylation enzymes and cytochtome 
Pas*.

Studies of hepatic enzyme induction in birds 
are a good deal less detailed titan ihoce on 
mammals. Risebiough et al.” demonstrated (hat 
Aroclor 1262 al 20 mg/kg, itrlramuscular, caused 
increased metabolism of estradiol, and that this 
PCB was more active than either DDK or DDT ill 
causing induction of hepatic enzymes in the 
pigeon. Bailey and Bunyan'41 found that a diet of 
500 ppm Aroclor 1242 increased both microsomal 
protein levels and, more markedly, cytochrome 
P«,e levels. The microsomal protein levels 
returned lo connot values after two months, but 
cytochrome P, was still three times the control 
values six months after exposure to (he PCB had 
ceased. Nowicki end Norman'4* dosed chicks, 
starling al I week of age, with I mg Aroclor 1254
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or I26D daily. They found cnluticcd metabolism 
of steroids and further noted that the effects of 
hntlt ArncWws were stmibt and also equivalent to 
p.p’-DDT and o.p’-DDT. Nd data arc available on 
(he (hteshoid levels of PCIl’s mi hepatic enzyme 
induction in birds, hm ji is piohably not markedly 
different from that in mammals

The only data on i’CB-induecd microsomal 
enzymes outside tnainmais iimlhttds appear lobe 
the wuik of Rhec ami Plapp"’1' on house flics. 
These workers studied (he eCteelx of Aroclor 1221, 
1242. and 1254 and found increasing induction 
wiih incieasitig degree of chlorination. Tltey lound 
ttmt minute atnnimis, he., I Mg/jzt. caused 
measured indncilon and concluded that a nn-effccl 
level apparently does not exist. It «likely tlwt this 
induction increases the ability of the insect to 
detoxify insecticide chemicals. Thus lire wide­
spread contamination of (lie environment with 
PCB's may be a factor in increasing the resistance 
of insects in insecticides.

There is abundant evidence (hat PCB's are 
potent Inducers of hepatic microsomal enzymes. 
The enzyme systems studied have been mainly 
Itydinxylascs and N- and O-dcmcthylases. In 
genctal. the degree of induction increases as lire 
degree of chlorination increases. Threshold values 
as low as 0.5 ppin have been found,’*1 although 
other winkers’10''” love found the threshold 
dose between I and 10 ppm.

lire minimum dose causing an effect should he 
compared with calculated intake to ascertain if an 
effect is likely, In Ihe ease of matt, lire normal 
exposure to PCB’s (see Section 4) is too low for an 
cDcct (Mi hepatic enzymes in be observed. Only in 
lire case of accidental exposure, such as Ihe 
“Yusln" incident in Japan, would hepatic enzyme 
induction he expected lo occur in man. Under 
these conditions interactions with drugs would 
have lo he considered. Tltc residue levels discussed 
in Scclion 4 indicate that marine mammals and 
predatory birds are exposed to levels of PCB’s 
capable of cuusing enzyme induction. Tlte next 
question to be answered is whether this induction 
is of importance to the runciiuu and survival of 
the aithnal.

While the documcntalKHi of induced micro­
somal enzymes is extensive, the evaluation of it 
effects on the intact animal ate much less well 
studied, I he use of increased hepatic function to 
shorten barbiturate sleeping time is one technique, 
indeed tire field of hepatic enzyme induction by
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chlorinated hydrocarbons was discovered by 
. all era) runs in barbiturate sleeping times after the 

cages of rats had been treated with thlordane.111 
Bickers el at.14' found marked alterations in 
sleeping time with Aroclor 1016 and 1254 at a 

. dosage of 25 tng/ky for fi days. Johnstone et 
tl,1 ‘3 found no effect on pentobarbital sleeping 

‘ time with biphenyl, d-mono-chlmo, or 2,2 di- 
ctdoriv, slight decreases with 2,4' and 2,5,2',5‘, 
and marked decreases with 4,4', 2.4.2',4‘ and 5 
hexa- and octochloroisotncrs. The dosage level was 
SO mg/kg/day fur 3 days in rats. In some cases 

' sleeping time was reduced by 00%. Viilcncuve et 
i a).113 studied (he effect of Amclors 1221, 1242, 

1254, and 1260 on the pcntoharbilal sleeping time 
of rats exposed to dietary levels for 20 ppnt fur up 

' to 350 days. Marked effecit were found only with 
| Aroclor 1254 and 1260; bolh of these compounds 
I were more effective than chloidane. Zcpp cl
| id.114 found that 10 pptn Tor 12 weeks caused

significantly shorter periods of sleep in rabbits.
| These studies show that induced hepatic enzymes.
I largely studied by in vitro methods, arc capable of 

increasing the metsboli/aliuti of a circulating 
compound enough to alter its physiological effect 
at comparatively low dosages of PCB’t.

1 There is a considerable volume of wurk which 
I shows that a varteiy of organoddurines induce 

-[ hepatic enzymes which are capable of metubo- 
> bring the naturally occurring steroids. Must of 
l these studies are on in vitro metabolism, aud 
| unlike the experiment using barbiturates, effects
. cm circulating levels can Involve a feedback
i mechanism. In the inlacl animal increased mclabo- 
] litm of steroids could be compensated fur by 

increased synthesis of these agents. A considers- 
I lion of this problem requires the use of data 
i obtained cm other chlorinated hydrocarbons than 
I PCB's.
| Villeneuve el it.’11 demonstrated an increase 

in the urinary excretion of estrogen and dehydro- 
I epiandroslerone in the boar following a single dost 

of 100 mg/kg Aroclor 1254. Nu effect was seen at 
10 mg/kg- While these experiments show an effect 
on the intact animal, the circulating levels of 

' steroids were not measured. Recent studies on 
male rats fed toxsphene have shown a rapid 

I increase in enzyme levels, and a transient drop In 
circulating testosterone levels '14 The levels of 

j teslostctone returned tu normal within a few days 
I and remained ai normal levels over the nexi six
j months although hepatic enzyme levels remained

1
t
I

elevated. Orhcig and Lundbtrg'11 found tint 
DDT and PCB's were ahic to reduce the weight of 
testes and seminal vesicles of castrated rats, hut 
not of mlacl animals. In both castrated and intact 
animals, enhanced hepatic en/yint' indue turn was 
found and it was concluded that the intact animal 
was capable of compensating for enhanced Steroid 
breakdown, although nu direct measurements of 
steroid levels were made.

In ring doves, IVakall'1* found that DDL 
caused enzyme induction, dccicatcd ciiculating 
levels of estradiol, and a slight delay in the onset 
of breeding. Studies of herring gulls, collected 
when incubation was almost complete, have shown 
no differences in blood Steroid levels in birds 
collected from take Ontario with high levels of 
K'B’s and DDL and those collected in New 
Brunswick.11* Aeluat levels in eggs arc given in 
Section 4.

The best summation is that hepaiic enzyme 
induction can cause a temporary decrease of 
circulating steroid levels. This may be reflected in 
delayed bleeding,’14-'4® but feedback mechan­
isms then come into play tu restore normal steroid 
levels. No overall effect on reproduction appears 
to be caused by this median inn.

D. Mammalian Reproduction
Villeneuve cl til.11* round no effect on icpn- 

ductlon in the rat at dosages of Aroclot 1254 up 
tu and including 100 mg/kg/day given orally. 
These workers examined the number of liners, 
average litter size, resorption sties, aveiagc liner 
weight and checked for anomalies. The only 
alteration seen was a slight reduction in litter 
weight and a alight increase or litter size at the 
highest dosage. Kcplinger et al.ia< studied the 
effects uf Aroclor 1242,1254, and 1260 on rats ai 
dosages or I. 10 and 100 ppm. The only effects 
noted were decreased survival of pups at 100 ppm 
uf 1242 and 1254 and decreased mating indices 
with 1242. In rabbit*, Villeneuve et al.nt found 
nu effects at dosages of 6.25 or 10 mg/kg/day, but 
at dosages of 12.5 to 50 mg/kg/day, fetotoxic • 
effects were noted Abortions, maternal death, and 
siillhoins occurred, but no consistent skdcial 
abnormalities were foun , Since the work was 
dime by the same gtou , it is clear dial the rabbit 
is more sensitive Shots the til to Kill's.

In 1968 and 1969 (he feeding of Coho salmon 
taken from like Michigan led to reproductive 
failure in intuk.111 In a latei study Rmgct el
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a).1*1 found that I ppm of At odor 1254 caused a 
slight reduction In reproductive success (4.3 kos/ 
female compared to 6.0 In controls, statistical 
significance not staled); but a' 5 ppm Atoclor 
1254, complete reproductive failure was found in 
| experiment, and only 0 8 kil/femate in anutliei 
experiment. Premature births in California Sea 
Lions have been associated with high organic 
chiorine residues."1 In this, no controlled experi­
mental data is available to verify Ihe relationship 
between premature pupping and orgarutchlonne 
residues. The levels of total DDT arc much higher 
than those of PCB's (see Tiblc 9), bui the levels of 
PCB's In the liver of females giving rise to 
premature pups is similar (5.7 ppm) to the values 
found In mink dying from eating Coho salmon 
(5.2 ppm).

C. Avian Reproduction
Eggshell thick nets - Decreased eggshell

thickness caused by organochlorines, especially 
DDE, has attracted a good deal of attention (see 
review by Cooke'"4). In the case of PCB's, the 
bulk of the evidence shows that these compounds 
do not affect the thickness of eggshells. The 
following studies have been made: mallard and 
bobwhlle quail,1"" ring doves,'**
chickens,"v,i* Japanese quail,'*" pheasant,'*' 

..kestrel,'** and mallard.*** There is an early 
report by Keplinger et al.'*' which mentions 
eggshell thinning In chickens but docs not give 
specific data, and Call and Harrell'*4 found 
egphell thinning In Japanese Quail using three 
different Aroclors

Egg production and haichablllty - The basic 
data are summarized In Table IS. The overall 
conclusion is that egg production it often reduced 
although the effect Is not very marked. In 
contrast, massive effects are seen on hatchablllly 
In most studies. In the chicken the threshold effect 
dosage is around 10 ppm. The depression of 
hatchabillty does not appear to be caused by lack 
of fertility. Briggs and Harris'** found that while 
83% of the eggs from PC8-treated chickens were 
fertile, only 14.8% hatched. These found that 
comparatively little mortality occurred during the 
first six days of incubation, that (here was a 
striking increase over control values during the 
second week of incubation, with considerable 
mortality in Ihe third week although control 
values were also higher Tor this last period 
Plalunow and Reinhart'** also found nn effect on

fertility, although hmchability was reduced to j 
•'most wo at the highn dosage of PCB's Tlitu 
workers timed tlut initially embryonic mortality 
occurred at the latter stage of development, hut 
shifted cor tier as the experiment progiessed It is ; 
likely that this was due to increasing levels of |
PCB's in Ihe eggs a* the experiment progressed. I
Lined and Peakall1* found an essentially linear I 
increase in residue levels In eggs of ring doves :
exposed let |0 ppm PCB's for approximately )00 ’
days when the increase began to reach a plateau. j 
Lillie cl al..*"* studying six different Arodtus. 
found iki effect on fertility, and that most of the I 
death* of cinhryos occurred os. (he SOih and 21st 1 
days of incubation, Dahlgroi end Lindcf,1*1 in ■
their studies un Ihe pheasant, found a significant !
Increase in egp that pipped but (ailed to hatch. |

Scotl et al.**1 found that halchabltity was i 
reduced to about 72% of normal when the residue I 
level in eggs was 2.2 ppm (wet weight). At 3 ppm j 
hatchabltity Is down to 56% and with 4.5 ppm or 
more PCB hatchahility is close to zero. Platonow ]
and Reinhart1** found that halchabiltly was not ;
affected when PCB concentrations in eggs were less j
titan 5 ppm, but that IS ppm or more caused Ihe I
majority of embryos to die. Tuoiasouis et al.'** I
found that yolk levels of under 10 to 15 ppm have I
no adverse influence on embryo development in J
the chicken. The most detailed study of the j
residue levels causing embryonic mortality are i
those of Britton and Huston'** (sec Table 16). I
These workers expressed their results based on the 
weight of the yolk, whereas Scott er al.'** and 
Platonow and Rcinhait'** apparently used whole 
eggs for homogenization. Since the PCB's are 1 
concentrated in the yolk, using the yolk will give | 
higher but more meaningful values. ,

Different Aroclors were used In these studies: >
Britton and Huston1** used 1242; Scott el al.'"1 '
used 1248, while Platonow and Reinhart1"* and ! 
Tumasonis et il.1** used 1254. Carlson and , 
Duby’** injected Aroclors 1242, 1254, and 1260 (
into fertile chicken eggs. They found Increased ■
emhryunk mortality with 1242 al S ppm with •
almost complete failure at 10 ppm. Aroclor 1254 *
showed some decrease at 5 ppm and marked 
decrease al 10 ppm, while 1260 was not effective , 
In causing .mbryonic mortality al the highest 
dose. viz.. 10 ppui. These results parallel those of 
Lillie cl al.*** who found that 124* and 1248 
caused a much larger decrease of loichabilily than 
Aroclors with either high nr lower chlorine

<
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TABLE 15 (continued)I
Effect! nCPCR’l hn Eg ft eduction and Hatcfcabdity

Specie! Dotage Egg production Hate lability Reference

Bobwhite quail 30 ppm 2 tea toot 1234 No effect No effect Heath etal.'**

Maltard 23 ppm
40 ppm

2 taatont
4 monthl

1234
1234

No effect
Decreased on diet which 
alio contaitied DDE

No effect
Not studied

HeathetaL'*' 
Risrbrough and 

Ande^Ksn,•,

Ring do*e 10 ppm ) nontht No effect Markedly reduced Peakat and ftakal!’ * *

*N" effect it t ppm. 
**No -fleet at 2 ppm.

TABLE 16

MatckatsBty and Rendue Ltnh in Egp of Ohxtm Espond to Arodoc 1242

Dotage
(Arodor 1242. ppm)

to Decrease in halchabilisy 
Reiidue in yolk

20 Decrease in hatctubiiiv 
Residue in yoik

40 Decrease in hatchability 
Reiidue in yolk

BO Decrease in hatehabiliiy 
Reiidue in yolk

ni - Not sfitifcanL

Wetki on dmaac

l 2 3 4 3 6

av. ns SL as 81 167
0.3 0.1 1.2 1.6 23 3.7

SI 3<n 26* SOI 101 447
1.1 2.4 2.9 14 4.8 6.2

SI 741 911 977 m 1007
24 4 6 34 SB 6.7 7.7

11 1001 1007 1007 too? 1097
2.9 5 6 12.3 173 21.8 27.3

Adapted from Britton. W M and Huston. T. H.ItoWr. Set.. 52. 1620. 192}. HONS Z0687Z
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cuntcnl Carlton and Duby1** found that most 
mortality caused by Aroclor I 242 was ai (lie early 
stage of "development, in contract wifit innsi 
studies of the clTccl or diclary Arnclors. These 
workers alsti tvolcd lhal growth was retarded in Ihc 
chicks that did hatch after exposure to 12*2 in lire 
cue, whereas these elTecls were not noted Tor 
1260.

The studies of Heath el al.1** on bnbwhiie 
quail and mallard arc in marked contras! lo those 
on the chicken, in the taller species it is clear th»i 
a dietary level of ID lo 20 ppm for a few weeks 
and residue levels of 5 lo IS ppm are enough lo 
cause severe etnhryonic mortality. In Heath's wmk 
no effects were seen even after the birds had been 
on dose for IM years, and residue levels oT two 
Mallard eggs were 33 and $6 ppm (wel weight).

Effects on males ■ - Platonow and Funncll**' 
fed cockerels Aroclor 1254 as a dietary level of 
250 ppin. A marked reduction In comb size was 
noted within six weeks, and Ihc weight oT Ihc 
lestes was reduced a Tier nine weeks. No direct 
studies or the reproductive performance of these 
birds were made. Lillie el al.**® fed cockerels 
Aroclor 1248 al 10 and 20 ppm for an 8>wcck 
period without finding any effect on semen or 
fertility.

Teratogenic effects - Carlson and Duby'** 
Tound that 5 ppm of Aroclor 1242 injected al day 
0 caused several malformations, viz., development 
or only one eye, hydrocephalus, incomplete 
abdominal closure, and nervous tremors. 
Tumaionii et al.1** noted leg, toe, and neck 
deformities in many chicks that hatched from eggs 
wilh a yolk level of 10 to 15 ppm Aroclor 1254 or 
more, Cecil al al.*®* examined the elTect of a diet 

1 of 20 ppm of a range of Aruclors on the 
t production of abnormal embryos. These workers 
| found a marked increase of abnormal embryos as a 
' percentage of fertile eggs for Aroclor 1242 and 
j 1248, a slight effect wilh Aroclor 1232 and 1254,
j and no effect for Aroclor 1221 and 1268. In all 
, the treated groups, there were 843 dead embryos 

of which 286 were abnormal. The commonest 
abnormality was edema including edematous cysts 
and subcutaneous edema. Other abnormalities, in 

i decreasing ord.r of occurrence, were unabsmbed 
yolk, small body, external hemorrhage, skinny 

rolaled ankle, and deformed beaks.
Dahlgren and Under'*' noted decreased chick 

weight in their studies on the pheasant, hut no 
mention it made of abnormalities Peaknll et

til. ’0 ^ found an met ease in chtoinosumal almoi- ,
trvilitics in embryos of rtng doves exposed to 10 i
ppm Aroclor 1254.

An interesting contrast can be made between 
the errevis of KTt's and DDli on avian rcpioduc- 
tiou Ibis differentisiiion is ot some itnpoi lance lo 
wildlife loxjcoli>gisls since both compounds ale >
found together in bird eggs, and »hc cffecls oT 
oigannchlorincs arc widely considered to have had 
adverse effects on some avian populations In ihor . ■
discussion of differing elfccls or PCB's and DDL .
on avian reproduction, Pc-ikill and Pcakall1** <
considered Ihc effects under three headings. vi/_. 
effects on the eggshell, effect of iceldurs to ihc egg ■
tut Ihc embryo, and elfevt on percmil behavior.

F. Direct Estrogenic Effect*
Tire geometric similarity of DtJT and PCB's to 

the synthetic estrogen, stilbeslrol. has led to the '
examination of Ihc possibility that chlorinated ;
hydmcarhoiis could act as synthetic estrogens10*
These workers examined the effect or uvei 50 -
compounds no the glycogen response of Ihc rat 
uterus. Tliey Tound lhal Amelins 1221. 1232. and ‘
1242 had a minimum effective dose or 8 ing/rai 
and that Aloe lots 1254 to 1268 were inactive. In 
contrasi, the minimum effective dose nT dietDyL ■
tlilhestrul is 0.1 pg. or a factor nf nearly 100,000.
Aroclors are weak estrogenic agents, but the value f'
of 8 ing/rat should be compared to environmental l
levels ralhcr limit to 0.1 pg/ral of diethyl- !
stilbeslrol. On a mg/kg basis. Hie minimum effect j
dose of *n Aroclor in Bitman el al.'s1*0 ccpeii- i
ments was 160 mg/kg. No residue levels m the ’
uterus were measuiad, but the dosage suggests that 1
Ihc levels would be high by environmenial 
standards. <

Nelson*®* examined the effccis of scvnal ■
organnchlurincs on the bindingoflabclcd estradiol .
on the rat uletine receplor. The effects of the '
organnehlorines were compared to Ihosc of .
dicihylslllbesirol, making possible direct eoinpan. <
son wilh the experiment of Bilman el al.'s'** :
Nelson found that dielhylslilhestrol was effective 
in causing SO**1 inhibition oT eslradiol binding at an 
in vitro concentration of 0.2 pph. The most active '
uigaiiochl urine (o.p'.DI)T) required a tonccniro- 
tion of 0.6 ppm lo produce 507 inhibition. Oihei 
organochlorines requited 10 lo 100 ppin m cause 
(his degree of inhibition, wilh Aroclor 1221 being 
more active than 1254. While ciiiical in vivo 
experiments have not been carried out. Hie data
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piesenlly availahlc indicate Hut serious effects will 
nut occur >l environment*! levels.

C. Thyroid Function
Jefferies and Partlow*®* dosed lesser black- 

hacked gulls with Aniclor I 2 54 at SO. 100. 200. 
and 400 ni|/kg/day for 8 weeks. An increase in 
thyroid weights (30 mg to 40 mg) was noted 
between the controls and dosed birds, but no 
dole-dependent increase was observed. Aiviiysi* of 
the colloid area showed a small increase. Histo­
logical changes were diffcrenl from those observed 
with DDT.10' DDT caused colloid loss and 
hypcrirlasia, whereas PCB caused larger follicles 
well Tilled wilh colloid. Hurti cl af.*1* studied the 
effect of Aroclor 1260 ai 5. SO, and SOU ppm for 
I to 4 months on hob while quail. Significantly 
different thyroid weights were found for all dose 
levels af'icr four mouths, but (his effect appears to 
be due to the abnormally low control value fur 
this period. There was no actual rise in Ihyruid 
weights when compared to measurements made at 
one, two, ind three months. There was a tendency 
for I'*' uptake fo> the total thyroid to be higher 
in quail exposed to the highest dose ($00 ppm), 
bui this increase was significant for only one-time 
period and did not ihuw up when expressed on per 
milogram of thyroid bash. Curreui evidence does 
not suggest lhai PCB exerts an important influence 
on Ihyroid function.

H. Vitamin A
Cecil el al'*® sludied the effect rtf 100 ppm 

DDT or 100 ppm Aroclor 1242 on lives viiamitt A 
levels in quail and rats. After 2 months on the diet, 
Aroclor 1242 caused a marked reduction (approxi­
mately halved) in vitamin A in male quail, but the 
females wcic unaffected. DDT caused some reduc­
tion, but this was less marked. In mis (lie levels 
were reduced to apptoxiinaiely half the control 
values by both compounds In both sexes. No 
symptoms of vitamin A deficiency were noted In 
either species. Studies on mammab at lower doses 
would be desirable in view of recent findings 
suggesting a link between low vitamin A levels and 
induction of cancer.*11 Jefferies and French.*'* 
studying the effeci of DDT on pigeons, found a 
marked increase in liver vitamin A levels at lower 
dosages (3 mg/kg/day and 36 mg/kg/day) whereas 
at a higher dose (54 mg/kg/day), there was a 
marked decrease from control values. Comparable 
studies wilh PCB‘t are not available.
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I. Carcinogenic Effects ' ‘
Studies on I hit topic appear lobe very limited. i

Kimnri and lluha*1* rqmrled benign neoplastic 1
lesions in the livers of all female rats which 1
received mine than 1,200 mg of Kancchlor-400. 1
but nn effect was seen on males. Nagasaki et (
ai.*1* reported dial 7 otil of 12 mice exposed to a 
did crmluining $00 ppm K-tncchlor-500 had i 
luliiois of the liver, wheic»« hepatoma* were not i 
seen at 250 ppm. nor with Kanechlor-400 and 
Kanechlor-JQO. llchiyuina cl ah*' * found that ' 
Kancclilur-4tK) was not a co-carcinogcn with 
mcihylcholanlhicnc at either 10 or 100 ppm. A i 
positive cocarcinngenic effect was wen wilh DDT 
ai 100 ppm. Both of the direct studies on '
carcinogenic effects were carried out on a small 1
number of animals for a single generation. While 
there is not any evidence of a strong carcinogenic (
effect, detailed, inutligencralion studies arc ;
desirable. i

Green el al.* '* found nn cytogenetic effects on ' 
bone marrow and spermaiogonial eelb of rats 
treaicd with Aroclor 1242 and 1254. Doses of 
Aroclor 1242 were single doses of 1,250, 2,500, or ■'
5,000 mg/kg, or mulfipic doses of 500 mg/kg, (
Aroclor 1254 was given In multiple doses from 75 
to 300 mg/kg/day. These workers found no 
inhibition of mil ode division nor chromosomal 
abnormalities. These authors point out lhai their 
work docs not exclude the possibility Dial poim j 
inuiaiinirt occurred, bui state that it it very rare i 
for this to occur in the absence of chromosomal 
aberration*.

J. Immunosuppressive Activity of PCB'i
Friend and Trainer*” examined the effeci of 

Aroclor 1254 chi mortality of young mallards | 
exposed to dnek hepaiili* virus. Three dote levels i 
were used, vi/,. 25, 50, and 100 ppm, in the diet. | 
At all dosages, the mortality was increased 
mnrkodly over control values, but the greatest 
increase was al 50 ppm. The actual values were 
control 14,3%, 25 ppm 35.0%-, 50 ppm 65%. and 
100 ppm 44.4%. Vi* and de Roij*'* studied the .
effect of 10 and 50 ppm Aroclor 1260 on the I
humoral Immune responses of guinea pigs. Tetanus 1
toxoid injections increased the 7-glohiilin levels in ,
coni ml animals, whereas ihis increase was not 
found in animals fed 10 ppm PCB. However, the \ 
animals exposed to 50 ppm did not vary signifi­
cantly from the controls. A significantly reduced I 
number of 7-globulin-containing cells in the lymph j

I
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nodes were noted in Ihc 10 ppm telanus toxoid- 
stimulated group and in the unstimulatcd left 
lymph nodes of the ttiinuincd 10 and 50 ppm 
groups. In a subsequent pa pet Vus and l>ticl 
Grooienltuit1'* examined both (he humoral and 
cell-mediated immunity under the influence of 
Aroclor t260 and Cltiphen Af>0 These workers 
found that PCB's ai the level of 50 ppm had 
immunosuppresive activity of hnth the humoral 
and ccll-mcdialcd iminunlly. No significant effects 
were seen at tO ppm and (lie 250 pptn diet proved 
to be loo toxic for these experiments to be catricd 
out. Kn’.icj and Thigpen110 dosed rabbi's wiih 
Atoclors 1221, 1242, and t245 150 mg/kg hy 
stomach tube weekly for 14 weeks. All Aroclur 
treatments resulted in significantly tower scrum­
neutralizing antibody tilers to pseudo-rabies virus 
than was found in the controls. There was little 
difference between the affects of the three 
Aroclors. Total serum -y-globulin concentrations 
decreased with Aroclor 1242, but increased for 
other groups, including controls.

, The importance of Ihe effects of PCB’i on the 
Immuuosuppresive mechanisms are hard to 
evaluate. The tack of dear dose dependence is one 
problem, and interrelation with other tticsses is 
another. The possibility of the burden of PCB'i 
and other orpnochlor tries* *1 increasing suscep-

- tibility to disease should be borne in mind.

K. Hydropericardium and Generalised Edema 
, McCune et at111 discovered hydropeiicaidium 

when chickens were placed in a battery treated 
with unhardened paint. Additional studies revealed 
that Aroclor 1242 caused hydropericardhtm at 
dotages of 200 ppm and above. A more detailed 
study was made, using the same Aroclor, by Flick 
et al.111 Edema formation in the pericardial sac 

| and in the abdominal and subcutaneous areas was 
1 pronounced in the chickens exposed to 400 pptn 
’ for 3 weeks, bul was much lets marked at 200
1 ppm. Rehfeld et al.**4 observed general edema in

chickens when the diet contained over 20 ppm 
i Aroclor 1254. Chicks exposed to diets containing 

SO to 150 ppm to Aroclor 1254 had extensive 
generalized edema. This included serious effusion 

■ into the pcricardisl tecs, muscles, subcutaneous 
tissues, and abdominal cavtiy.

- Bayer and Bird1** studied structural changes In 
the epicardium of chickens exposed for II weeks

* io a diet containing 20 ppm Aroclur 1254. They 
| found that all the birds exposed lo PCB showed

t
i

morphological changes in the pericardium and 
three oui of four birds showed large quantities of 
ascites fluid. Residue levels were not given, but the 
diet levels would suggest dial the levels would not 
be much higher than those of fish-cat mg birds 
from In gld y con lamina ted areas Vos and 
Kncman*** studied the cffecls of 400 ppm of J 
different preparations of PCB's containing r-OT- 
chlorine. These were PIiciukIot DP6, Clophcn 
A60, and Arochir 1260. The chickens were 
exposed to lliii diet for 60 days. Hydio- 
pcricardiuin was common In the Plicunclor and 
Clophcn group, bul rare and statistically non 
significant In the Arndt* group. Sunilaily 
abdominal and subcutaneou edema was observed 
only in the flrxt two pmtpe- These diflcrcttces 
were considered lo be due In the presence of 
chlorinated diben/ufurant in the first two 
preparations.*11 Nevertheless, there are con­
siderable differences between Vos and Kocinan’s 
results on Aroclors and those of other workers. 
These differences tnay be due to the fact other 
workers have used lower chlorinated Aroclors 
(1242 and 1254) which may themselves act 
differently <n may contain more chlorinated 
dibenrofurant than Aroclor 1260. Firestone*1* 
reviewed the etiology of chick edema disease and 
concluded that the chlorinated dioxins and furans 
were the chemical agents responsible. In view of 
Hie studies of Rclifeld et al.114 and those of Bayer 
and Bird11* which show effects at modcrjic 
levels, viz., 20 ppm, it would be useful to examine 
the effect of pure PCB's to clear up the question 
of the agent causing chick edema.

Recently hydiopcricardiuin end edema have 
been found In Herring Gull (farms wgentatu*) 
chicks from the most contaminated ateas of the 
Great Lakes.*-** In this case substantial levels of 
PCB's, DDE, mirex hexachlorobenztne dieldrin. 
and HCB were present. Bowes et al.*** were noi 
able to delect any chlorinated dibenzofuran or 
dibenzodioxin compounds in gull eggs from the 
Great Lakes.

L Porphyria
In contrast to their findings on edema, Vos and 

Koeman114 found (hat porphyria was induced by 
all preparations of PCB's studied. They found that 
the chickens increased fecal excretion of copmpm- 
phyrin and protoporphyrin and fluorescence 
(indicating Ihe presence of porphyrins) in the liver, 
bile, smell intestine, and bone. Subsequently, these
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workers11’ nuide a more detailed *tudy using 
Japanese quail. Using Arocior 1260 il 50.' 100 
250, and 500 ppm In Ihe diet for 7 day* on male 
quail they dctnortsintlcd a tenfold increase of 
mitochondrial £-itntnolcvuliiik icid *y«ihciasc in 
the liver of bird* receiving 50 ppm, and a further 
increase at higher level*. Increased fluorescence of 
the liver only became marked at higher dosage*. 
Lower levels were studied on female quail. A 
slightly hut statistically nonsignificant Increase of 
t-aminolevulinic acid synthetase was noted at a 
dosage of 0.1 mg/kg/day for 7 days, but ihc 
increase was titpiificanl at a dosage of I mg/kg 
£ Aminolevulinic acid synlhelase calalyMs (ALA 
synthetase) the Tmi step In porphyrin synthesis, 
viz., the reaclion of sucdnyl Co A with glycine to 
form n-amino-0-kepioadtpic add. Metabolic 
control of porphyrin formation is excreted 
thiough i feedback mechanism ope rating n the 
first two steps of ihe pathway, viz,, ALA syn­
thetase and fi-iminnlevulinic acid dehydrase. ALA 
is also ihe precursor of the porphyrin moiety of 
chlorophyll and of the corrin ring of vitamin Bt *.

The finding thal ALA synthetase is stimulated 
by tow levels of PCB's raises the possibility of a 
heallh hazard to persons suffering from aculc. 
intermillenl porphyria. Barbiturates, which also 
stimulate ALA synlhetase, can cause a severe 
attack of this disorder which can result in paralysis 
and death.111

Studies on herring guli eggs collected from 
contaminaied areas of the Great Lakes have shown 
markedly raised porphyria levels in the livers of 
embryo* compared to those from leu con­
taminated areas.13*

M. Inhibition of Adenosine Triphosphatase 
(ATPases) by PCB's

The effects of PCB's on ATPases and the 
possible role of inhibition of these enzymes on 
osmoregulation in fish have been examined by a 
number of workers Yep et al.111 examined the 
effect of Arodor 1221, 1254, and 126B on the in 
vitro inhibition of Na’K*-ATPase and Mg**- 
ATPatct from several tiuues of Blue Gill fish. 
Overall. Aroclor 1254 was the most effective 
inhibitor, and Na*K*- ATPasc was inhibited to a 
greater extent than Mg**-ATPasc. Substantial 
inhibition was found at levels at low as 0.03 ppm 
in brain md muscle. In a subsequent paper,314 
these workers examined the effects of Arudurs on 
both oligoraycinaciuitive and niigoinyciir-

««

insensitive Mg"-ATPasc. They found that the 
olrgtnnycrivinserts!live M^' '• ATPase was inhibited 
a good deal more sirnttgly than the edipomycin­
sensitive Mg** ATPasc. Olrgomyciivsentitive 
Mg**-ATPasc is Involved in ihe rnltin-hondTia 
synthesis of ATP, whereas the physiological func­
tion of oligomycin-ittscnstltvc Mg**-ATPase is un­
certain In another paper,111 this group.compiled 
ihc inhibition of Ihrsc llucc ATPases Hi tissues of 
fai head minnows exposed lo Aroclor 1242 and 

' 1254 for four months. Tliesc in vivo studies failed 
to confirm that ohgotnycin-insentliive Mg**- 
ATPasc was Ihc most slrongly inhibited, and 
results were erratic with enhanced activity seen in 
some cases and a lack of cleat do*c<activtiy 
relationship '

Kmicr el al.11* examined the effect of both 
DDT and Atoclor 1221 on both in vivo and in 
vitro ATPase activity and on osmoregulation in 
tcleosi fish and eels. They found that boih DDT 
and Aroclor 1221 caused inhibition of ATPase and 
decreased Ihe ability of both killifish and eels to 
osmoregulalc. The level of Aroclor 1221 required 
lo cause an effccl was much higher than DDT, in 
general uhoui two orders of magnitude. Davis et 
al,111 determined the dcgice of inhibition of 
ATPase in imui gill microsomes by Aroclor 1242 
and 1254. They found that 1242 caused gieaicr 
inhibition than 1254. l-'ot bolli Arociors. 40 ppm 
caused significant inhibition whereas 4 ppin was 
not effective except <m Mg**< ATPase.

Sharp el al.11* examined Ihe effect stf Aroclor 
1221 and 1254 on Na*K* ATPases from beef brain 
and rabbi! kidney. They found thal 10 ppm of 
Atoclor 1254 and 1$ ppm of Aroclor 1221 caused 
slightly more than 50% inhibition. These workers 
found (hat phosphalidylserine and phos- 
phalidylinosllol protected the ATPasc from 
inhibiiiott and concluded tltat the phospholipids 
are necessary fur stabilization of the enzyme and 
that chlorinaled hydrocarbons interfere with the 
stabilization process.

N. Physiological Effects of PCS'* on Micro­
organisms

Keit el al.11* exposed the marine diatom. 
Cylimlntfhtro donicriiim, to Aroclor 1242 at 0.01 
and 0.1 pptn. They found that harvest weight, 
chlorophyll index, and RNA levels were signifi­
cantly reduced at the higher concentration. The 
final PCI! level was PHI pptn. showing a concent ra­
tion factor of I.000.14* Similar concentrating
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Mosser ct al.*41 examined rite effecl of PCD’* 
uri two marine diatoms, a marine green algae and 
two species of fresh water gveen algae, One marine 
diatom {Tltolauimira pmnlotiaiw) was inhibited al 
25 ppb hut not al 10 ppb, whereas lln- oilier 
{SkctcUtnrrua crMfff/woi) was inlvibiicd to some 
extent •< 10 ppb. Ily cotitrasi (lie inaiinc and fresh 
water algae were much more resistant, one show 
ing no inhibition al 1.000 ppb, and others only 
slight effects at 100 ppb. Subsequently, these 
workers*41 examined Ihe effeeis of PCB’* on Ihe 
species composition of mixed cultures of a marine 
diatom and marine Breen nlgac. The results found 
were in line wilh those predicted from the 
previous experiments, viz., thai the resistant algae 
(Dumliella larii/tlecia) was favored over the 
PCB-sensitive diatom (T. /acoJornwie) when the 
mixture was exposed to PCB (Aroclor 1254) A 
more surprising resuli was that compel itiveadvan­
tage was clearly demonstrated al concenlraiiuns 
much lower than the PCB concentration needed lo 
cause inhibition of the pure culture. The minimum 
concentration needed to inhibit the dialom was 25 
ppb, but selective advantage was found it the 
lowest conccnlral ion used, viz,, 1 ppb. The thres­
hold value for effects on competitive advantage 
have not been worked out. The complexities of 
interactions of various environmental con­
taminants on microorganisms have also been 
studied by this group.141 They found interesting 
interact ions between DDE, DDT, and PC IV s on tlw 
growth of a marine diatom (T. psttn/otiami). 
Neither 10 ppb PCB't (Aroclor 1254) nor 100 pph 
DDE caused significant inhibition of growth, but 
in combination growth was reduced from 6 X 10* 
cells/ml to 1 X 10* cells/ml A concentration of 
50 ppb PCB's caused almost complete inhibit it hi 
of growth, but ihts Inhibition was markedly 
counteracted by 500 ppb DDT. Interaction 
between DDT and DDE was slight.

Luard*44 also found considerable variation nf 
the sensitivity of two algal species to Aroclor 
1254. She found Ihai Dunatidla was sensitive al 
0.1 ppb, whereas Sccnrdcumn required 100 pph 
to cause significant Inhibition of radiocarbon 
uptake. Fisher el al,*4t demonstrated variahlc 
sensitivity of phytoplankton collected in various 
areas to PCB's.

Moore and Harms144 measured the effect of 
Aiuclor 1242 and 1254 on iti srfu radiocarbon

uptake by iinoinc phytoplankton communities 
from ihe iioiihem Gulf of Mexico Both An>j<><s 
showed etircls on ihe radiocarbon uptake ji I io 
2 pph and I lie I.Csu values were (i.S pph and 15 
pph, respectively,

Moore and Harris**41 have examined Ihe efleei 
of Aroclor 1242 on net- and nannopbnkion. lln- 
hitler being defined as Ihai which is tvol relaiocd 
hy a 20 lo HO pin net. They found Ihai nanno- 
plankioir radiocaiboo uptake, winch accounted for 
almost Once quartets of tUr tola! carbon fi.vnien, 
was uuatlccicd by Arnckn |’42 al ill or 25 pph 
In conirasl, nei-planklon uptake was reduced hy 
56',' by 10 pph and SK'Trhy 25 pph.

Given the high concent rat inn factors fn-m 
water to microorganisms. It is likely (hji (Tit s 
entering the oceans via aerial Iranspmt wit) he 
rapidty taken up by marine phytoplankton More 
detailed studies arc needed to demunciraic 
whether or no! a teiious environmental effect is 
occurring. Studies showing marked effects on 
competitive advantages al I ppb indicate Ihai the 
possibility that PCB's could allci species composi­
tion need to be taken seriously.

O. Effects of PCB’s on Nonhuman Primates
Experiments mi nnnhutnan primates are useful 

In the extrapolation of data from cvpcriincni.il 
animals to man. Allen e| al.*4* led iliesus 
monkeys diets containing 300 ppm of Anilor 
124H lot ‘K) days. There was a gradual loss of body 
weight in most of the animals receiving PCB's The 
animals developed alopecia, acncfcmti lesions of 
tire skin, subcutaneous edema, and hypertrophy of 
the liver and gastric mucosa. In general, tire 
tespouses were similar to those reported in the 
"Yuiho" outbreaks in Japan.**'** Alterations to 
the liver weie similar to those repot led lot utbei 
experimental animals (Section SB) hi another 
experiment tin* group*4* examined the ahsorp- 
lion, distribution, and excretion of Arocli* 124,s 
in ihe rhesus monkey. They found lh.it uvet oocv 
of Ihe PCB was ahsorbed from the gastrointestinal 
tract, and that elimination from the body was 
slow. The experimental animals had slight bui 
significant decreases in hemoglobin and 
hcmatnciit. Lesions of the gastric mucosa woe 
considered lo be unique lo primates and this facet 
of the work was examined in another paper hy tins 
group.**0 The diclary concentration was the same 
as in picvious expetimems It was found that the 
liyperlmphjc gastric mucosa was scvciat limes
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thicker than the control mucosa and consisted of 
(really elongated hyperplastic (lands coni lining 
mucus-sectcling cells. The authors consider rhat 
these findings are suggestive of an eventual neo­
plastic transformation.

Additional experiments with lower dosages and 
long time periods will be necessary to assess the 
importance of these changes. The levels in these 
experiments arc high by normal food standards 
(see Section 4E>. Additional experiments by 
Abrahamson and Allen1 *' have demonstrated that 
the infant rhesus monkey is more resistant to 
PCB's than adults. No studies covering reproduc­
tion in nonhuman primates have been reported.

6. EVALUATION OF THE ECOLOGICAL 
SIGNIFICANCE OF PCB’s

While this is an attempt to assess lltc evidence 
already presented, it is obvious that personal bias 
enters into this type of an evaluation. The widely 
varying opinions given by trained scientists at the 
DDT hearings conducted by the U.S. Environ­
mental Protection Agency emphasize litis point. 
Opinions on the impact of DDT ranged from the 
viewpoint that to ban DDT was gcnoddnl to that 
DDT was a universal biocide. Personally, I he 
author dislikes the idea of any stable foreign 
material being released into the environment on a 
large scale, since ecosystem Interactions are too 
complex for any experimentation to make certain 
that no serious consequences will occur.

No definite evidence k available to indicate that 
current PCB levels are normally a hazard to human 
health. In view of reproductive failure of a 
mammal (mink) fed fish from Ihc Great Lakes, 
one would be doubtful about the safely of persons 
on a high fish diet in the most heavily con­
taminated areas, viz., the North American Great

ijtkes and Japan. No evidence is available that 
PCB's are carcinogenic or tclragenic to mammals 
although one could wish that I he evidence was 
based on larger, loiigcwange experiment*.

The reproductive failure of mink fed fish from 
lltc Great Lakes under laboratory conditions 
suggests the possibility of effects at current 
environmental levels on fislt-caling mammals. No 
field studies have been carried out with the 
exception of sea lions In California. In this case, 
however, Ihc predominant residue Is DDE rather 
than PCB's. The reproductive falluie of Herring 
Gulls in the Great Lakes is piobably due, in part, 
to PCB's, although the relative importance of 
PCB’s compared to other contaminants is dim cull 
lo assess. Similarly PCB’s arc probably involved In 
the declines of other lop predators, i.e,, Osprey, in 
eastern North America. Laboratory studies 
indicate the toxicologial effects would be expected 
at higher environmental levels.

The importance of PCB's and other organo- 
chlorinci in selective advantage to microorganisms 
in the environment it difficult to assets. The 
possibility of alterations at environmental levels is 
suggested, but actual confirmation is not available 
and would be difficult to demonstrate.

The author's assessment of the environmental 
impact of PCB's is that some advene effecis have 
been caused lo organisms high in the food chain in 
highly contaminated arms, such as sections of 
eastern North America and Japan. One lesson to 
be learned from the PCB story k that a stable, 
lipophilic compound can accumulate in significant 
amounts even when not deliberately introduced 
into the environment. The information obtained 
on Ihc relationship between usage patterns and 
environmental levels, and ihc alterations following 
restrictions on usage, should serve as i basis for 
future rcgulition*.
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