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ABSTRACT - Industrial applications of polychlorinated
biphenyls (PCB), chlorinated naphthalenes, chlorinated
paraffins, chlorinated benzenes, polybrominated
biphenyls, chloro-bromo biphenyls, chloro-hydroxy
biphenyls, and halogenated carboxylic acids are described.
A list of other halogenated hydrocarbons and derivatives,
used as solvents, fumigants, refrigerants, flame
retardants, aerosol propellants, heat-transfer media,
hydraulic fluids, etc., is included. Current methods
for the measurement of PCB are reviewed. PCB and
p,p'-DDE levels in fishes and aquatic birds, reported
in the literature, are summarized. Recently determined
PCB concentrations in Atlantic salmon, bluefin, yellowfin,
and skipjack tuna, bluefish, swordfish, and blue marlin,
cod, white hake1.nPlaice, and redfish, double-crested
cormorant, herr g gull, black duck, and guillemot are
presented. The determination of polychlorinated
terphenyls (PCT) in biological samples and the
behaviour of polybrominated biphenyls and polychlorinated
dibenzo-p-dioxins and dibenzofurans during cleanup and
gas chromatography is described. Biological effects of
PCB and other halogenated hydrocarbons are reviewed. The
sources of PCB leakage into the environment and their
circulation are discussed. Analytical procedure for the
determination of PCB and organochlorine pesticides based
on the modified cleanup chromatography of Holden and
Marsden is described.
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INTRODUCTION

The persistence of chlorinated hydrocarbon pesticides
in the environment and their accumulation in the food chains
is well known. A variety of halogenated hydrocarbons is used
in industry and, as demonstrated in the case of PCB, the
environmental behaviour of these compounds may be similar to
that of chlorinated hydrocarbon pesticides.

Several PCB review papers appeared recently in the
literature (Risebrough et al., 1968, Rise brough , 1969, Veith et
al., 1970, Gustafson, 1970, Peakall et al., 1970, and Reynolds,
1971). Interest in environmental aspects of PCB is growing fast
and much new information became available. In the following,
only articles not cited in the above reviews will be mentioned.
Other halogenated hydrocarbons of industrial importance are also
included in the literature survey.

Uses of PCB and other halogenated hydrocarbons

No data on the production or consumption of PCB in the
world are available except for Finland where according to
unofficial commercial statistics, the annual consumption of PCB
is about 250 metric tons (Helminen, 1970).

PCB containing 20-50~ chlorine increase the oxidation
stability and eliminate flammability of mixtures of mineral and
silicone oils (Marek et al., 1968). A trichlorobiphenyl
preparation (Pyranol 1~99) may be used to prepare media with
high dielectric strength (Cox, 1970). PCB are one of the
ingredients for coloring of molten linear polyesters (Brinkman,
Jr., 1969). Details of the industrial preparation of PCB in
the U.S.S.R. were published (Trofimov et al., 1969). The crude
chlorinated product contains l-2.5~ hydrochloric acid and traces
of ferric chloride. The latter forms complex compounds
diminishing the insulating properties of the preparation. The
impurities can be rewoved by treatment of crude PCB with sodium
hydroxide at 150-170 C and distillation. This is very likely
the process generating highly toxic chlorinated dibenzofurans
found in some PCB preparations (Vos et al., 1970b). The
preparation of 3,3' ,5,5·-tetrachloro-212·'~'~'i6,6'-hexafluoro­
biphenyl was described (Ishikawa, 1909) and po ymethylated
pentafluorobiphanyls were prepared (Brown et al., 1909). The
use of mixed chloro-fluorobiphenyls in hydraulic fluids with
improved heat stability, fire resistance, lUbricity, viscosity,
and anti-corrosive properties was patented (Boschan et al.,
1970). Another patent describes the preparation of diamino­
polyhalobiphenyls (halogen: chlorine, bromine) to be used as
starting materials for the preparation of flame-resistant polymers
and hardening agents for epoxy resins (Sobel et al., 1970). A
new series of unsaturated, flame-resistant polyester resins,
based on diols derived from decachlorobiphenyl was developed
(Anon, 1971). The preparation of bis(chloromethyl)-octachloro­
biphenyls as intermediates for manufacturing dyes, plastics,
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or plant protective agents was patented (Woppert et al., 1970).
The flame retardant additive, Firemaster BP6 is hexabromo­
biphenyl (Michigan Chemical Corp., 1971). PCB may be used for
quenching of heated metals (Massey, 1971). Aroclor 1221 was
used in preparations increasing opacity and brilliance of
fibrous and paper substrates (Vassiliades et al., 1971).
Chlorinated biphenyls and trichlorobenzene are the insulating
liquid in General Electric Pyranol transformers, induction
voltage regulators and exciting-current interrupter switches.
The first transformer Pyranol was introduced in 1932. It was
later modified by the addition of tatraphenyl tin, used as
hydrochloric acid scavenger. The present-day formulations ~ontain

diepoxide which has several advantages over tetraphenyl tin
(General Electric 1967). Trichlorobenzene is sometimes added to
PCB preparations to lower the solidification temperature (Gambaro
et al., 1969). A typical preparation contains 40~ of trichloro­
benzene and 60~ of hexachlorobiphenyls (JaYI 1970). The impreg~a­
tion of polypropylene with 5-20~ trichloroblphenyl and 0.1-10~1
epoxide stabilizer to produce dielectric films on capacitors was
patented (Eustance, 1971). Traffic markings may contain PCB
(Japan Paint Co., 1970). The preparation of isomer-free p,p'­
disubstituted biphenyls from substituted phenylmercuric acetates
was patented (Kraus et al., 1970).

Polymeric products of unknown composition, possibly
incorporating oxygen, are formed from PCB on heating. The
addition of organic phosphites such as diisopropylphosphite,
and nitrogen or carbon dioxide atmosphere were used to suppress
this reaction (Sullivan, 1971). The synthesis of soma nitro­
bromobiphenyls was described (Dell'Erba et al., 1971~ and the
preparation of 3,5,3',5'-tetrabromo-2,4,2',4'-tetrahydroxybiphenyl,
Tebrophen was patented (Pershin et al., 1971. This compound
is an antiviral agent, effective particularly in viral eye
infections (Nikolaeva et al., 1970). Routes for the synthesis
of individual chlorobiphenyls with 4 and less and with more than
4 chlorine atoms, with special attention to the preparation of
radioactively labelled chlorobiphenyls were discussed (Melvas,
1970; Wachtmeister et al., 1970). The preparation of

36Cl_labelled PCB of the Aroclor 1248 and 1254 type for tracer
studies was recently described (Stalling et al. 1971). More
than 20 chlorobiphenyls were recently prepared lHutzinger et al.,
1971). Disposal techniques for PCB-containing wastes were
discussed. PCB cen be destroyed by incineration at temperatures
above 800·c (Peterson, 1970).

Chlorinated 3-pentadecenyl phenyl methyl ether can be
used as plasticizer and extender for polyvinylchloride (Ghatge
et al., 1970).

Chlorinated naphthalenes are another group of
industrially important chlorinated hydrocarbons. In the U.S.A.,
they are manufactured under the tradename Halowax (Anon.).
Halowax 1000 is a mixture of mono- and dichloronaphthalenes
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containing 26% chlorine and is used mainly in motor tune-up
compounds and upper cylinder lubricants. Halowax 1031, mostly
l-chloronaphthalene is of better purity and has similar uses.
Halowax 1001 and 1099 are mixtures of tri- and tetrachloro­
naphthalenes with a chlorine content of 50-52%, and are used as
dielectrics, binders for electrical grade ceramics and paper
coatings. Halowax 1013 and 1014 contain from 4 to 6 chlorine
atoms per molecule (56-62% chlorine) and are used as insulators,
oil additives, and flame retardants. Halowax 1051, basically
octachloronaphthalene (70% chlorine) may be used as a component
of organic fillers where flame retardancy is required.

A chlorinated hydrocarbon preparation, Cereclor 552
(mol. wt. 400, 52% chlorine) was used to flameproof polyacrylo­
nitrile fibers (Torrance et al., 1971).

Chlorinated paraffins with 15 carbon atoms in the
molecule, containing 50% chlorine were used to prepare dispersion­
stable polyvinylchloride latexes (lida et al., 1971). Chlorinated
paraffins are also used in paper-sizing agents (Chiba et al.
1970), and probably the main application of these compounds Is in
the flame proofing of materials. Chlorinated paraffins used for
this purpose contain 40-50% chlorine and 20-24 carbon atoms in
the molecule (Anon., 1969). Chlorinated paraffins were used in
flame retardant thermoplastic ethylene-vinyl acetate copolymer
compositions (Kosaka et al., 1970). Chlorinated paraffins
together with zinc fluoroborate and a nonionic emulsifier were
used to improve the fire resistance of acrylic textiles (Fidell,
1971).

Flame retardant compounds may also be chemically
incorporated into polymers. Such compounds contain, in addition
to halogen atoms, one or two functional groups which can
participate in the polycondensation reactions. Presently used
compounds include chlorendic anhydride ~,4,5,6,7,7-hexachloro­
biCyclo-(2,2,1)-5-heptene-2,3-dicarboxylic anhydride], tetra­
chlorophthalic anhydride, tetrabromophthalic anhrdride
(Firemaster PHT4), and dimethyl-di-(3,5-dibromo-~-hydroxyPhenyl)­
methane (Firemaster BP4A Michigan Chemical Corp.). Other
compounds suggested for this purpose are 3,3',5,5'-tetrafluoro­
biphenyl-4,4'-dicarboxylic acid, 2,2',4,4'-tetrafluorobiphenyl­
3,3'-dicarboxylic acid 2,2',4,4'-tetrafluorobiphenyl-5,5'­
dicarboxylic acid, 2,2 1,6,6'-tetrafluorobiphenYl-3,3'-dicarbOxYlic
acid, 2,2',4,4',6,6'-hexafluorobiphenyl-3,3'-dicarboxy~acid,and
2,2',5,5'-tetrafluorobiphenyl-6,6'-dicarbo~ylicacid (Sugawara
et al., 1971). Fumarate and maleate polyesters of 2,2',3,3'
5,5',616'-octschloro-414'-(2-hYdroxyethylene)-diaminobiphenyi
and 2'~',3,3,,5,5'i6,6 -octachloro-4,4'-bis(diethylenedioxy)
biphenyl have exce lent flame resistance (Vogt et al., 1971).

Chlorinated fatty acid esters are used as low-cost
plasticizers for a variety of resins and plsstic materials.
Methyl dichlorostearate and Plasticizer MSP-500 (Anon., 1969) are
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examples of this class of compounds.

As a rule, brominated compounds are about twice as
effective fire retardants as chlorinated compounds. Aliphatic
bromine compounds are about 1.5 times more effective than
aromatic bromine compounds (Schneider et al., 1969).

Brominated vegetable oils are used as haze stabilizers
in citrus-based soft drinks.

Chlorinated polymers such as chlorinated polyisoprene,
polyethylene, and polypropylene, with a chlorine content of
40-68~ are used as binders for paints and combination resins for
printing inks (Hoehne et al., 1970). Halogenation of polyesters
for the preparation of self-extinguishing films was patented.
Such preparations contained 6-25~ bromine and 3-6~ chlorine
(Jackson et al., 1971). Perfluorinated hydrocarbons have low
boiling points for their molecular weight, extremely low surface
tension, and very high density and viscosity. They are poor
solvents for most compounds except gases. Perfluorinated
hydrocarbons have an excellent chemical and thermal stability
and verr low toxicity (Sargent et al'

l
1970). Methylene chloride

(10-80~) and perchloroethylene (0-20~ are used in heavy duty
diphase cleaners and a method for their determination by gas
chromatography was published (Bennett et al., 1971). Tri- and
tetrachloroethylene mixed with surfactants to form water-in-oil
type of emulsions can be used for cleaning ceramic, metals, and
other materials (Johnson, 1971).

Other halogenated hydrocarbons are used as solvents,
fumigants, refrigerants, aerosol propellants, etc. A list of
the more important industrial halogenated hydrocarbons is
included in Appendix.

Contamination of the environment by industrial
halogenated hydrocarbons

,
PCB are used in a wide variety of products and hence

may anter the environment via different routes. Direct spills
or leakages from heat exchange systems are one such route and
occurred for example in Escambia Bay, Florida (Duke et al.,
1970). General aerial fallout may be another route since
particularly the lower chlorinated biphenyls are appreciably
volatile.

Sewage outfalls and ocean-dumped sludge are probably
major sources of PCB. Concentration of PCB in raW sewage from
the Glasgow area ranged from 0.1 to 14 ppm as Aroclor 1254 on
wet weight basis, and it was estimated that the PCB discharge
into the Clyde estuary is of the order of 1 ton per year.
Similar estimates were obtained for the Manchester area and the
Thames estuary (Holden, 1970a). In California, sewage outfalls
discharge from 0.06 to 0.7 tons of PCB per year in water and
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from 0.6 to 36 tons per year in sludge (Schmidt et al., 1971).
Low molecular weight chlorinated paraffins and olefins, such
as 1,2-dichloroethan~J1,1,2-trichloroethane, symmetrical and
unsymmetrical tetracnloroethane, pentachloroethane, chlorinated
butanes, cis- and trans-isomers of chlorinated 1-, and 2-butenes
are byproducts of vinylchloride production by the oxychlorination
process. Large quantities of these compounds are dumped into the
sea and the hydrocarbons were recently detected in fish and water
samples from the Norwegian, Barents, and North Sea (Jensen et al.,
1970).

Duly limited data on the occurrence of other halogenated
hydrocarbons in the environment are available. A variety of
halogenated hydrocarbons is released into the atmosphere, from
where it may reach the aquatic environment. For example, about
3.6 x 105t !year of tetrachloroethylene evaporates from dry
cleaning solvents in the U.S.A. (Goldberg 1970). Fluorodichloro­
methane, difluorodichloroethene, fluorotrlchloromethane, difluoro­
chloromethane, difluorodichloromethane, trifluorotrichloroethane,
methylchloroform, vinylidene chloride, trichloroethylene, tetra­
chloroethylene, chlorobenzene , and dichlorobenzene were detected
in the atmosphere of the U.S.s. Hammerhead (Saafeld, 1971), which
may serve as a model of the earth's atmosphere. Some decomposition
products of the above-mentioned hydrocarbons may also exist in the
atmosphere. Thus the very toxic dichloroacetylene is generated
by alkali from 1,1,2-trichloroethane (Saafeld, 1971).

Hexachlorobutadiene (132 mg!l), tetrachloroethylene
(l~ mg!l) , trichloroethylene (65 mg!l) , and carbon tetrachloride
(29 mg!l) were detected by gas chromatography (5% tricresyl­
phosphate on a diatomite at l30·C) in waste water from the
production of hexachlorobutadiene (Mikhailok et al., 1970). An
industrial mixture containing hexachlorocYclopentadiene was
analysed by gas chromatography on silicone E-30l liquid phase
at l60·c. Octachloropentadiene1 hexachlorobenzene and unidentified
impurities were also detected (Dzhioeva et al., 1970).

A maximum allowable concentration of 0.31 mg!l was
recommended for allyl chloride in reservoir water (Karmazin,
1966). The suggested maximum allowable concentration of tetra­
chlorobenzene is 0.02 mg!l (Fomenko 1965), and that of
trichlorofluoropropane is 0.1 mg!l ISelyuzhitskii, 1963).

Suggested maximum permissible concentration of carbon
tetrachloride in water reservoirs is 0.3 mg!l (Kutepov, 1968).

From 18 to 42 ~g!l of organically bound chlorine was
detected in Rhine water, 45 ~g!l in waste water and 25 ~g!l in
biologically purified waste water. Most of the organochlorine
compounds were adsorbed on suspended matter. The average 1969
content of these compounds in suspended matter, collected from
the River Rhine at DUsseldorf was 66 mg!kg on dry weight basis
(Koppe et al., 1970b).



Analytical methods for PCB. chlorinated naphthalenes, and
polychlorinated terphenyls, and other halogenated hydro-
~

PCB accompany chlorinated hydrocarbon pesticides in
the usual extraction and cleanup techniques and both groups
must be separated before quantitat ion by gas chromatography.
Column and thin-layer chromatography are usually used for the
separation. PCB were eluted from Florisil columns with hexane;
DDT and other pesticides with mixtures of ether and hexane
(Reynolds, 1969). Another laboratory had difficulties with this
technique and reported that DDT was already partly eluted with
hexane (Bevenue et al., 1970). Column chromatography on silicic
acid separates PCB from all common chlorinated hydrocarbon
pesticides except p,p'-DDE (Holden et al., 1969) and under very
carefully controlled conditions even from p,p'-D~E (Armour et al.,
1970). Some carry-over of PCB into the pesticide fraction was
demonstrated by a combined GLC-MS procedure when extr~~ts
contain1ng more than 0.4 g fat were placed on the silic~c acid
column (Bellman et al., 1971). Small amounts of aromatic hydro­
carbons such as benzene, present in some pesticide-grade hexanes
affect significantly the elution patterns of PCB and organo­
chlorine pesticides from silicic acid columns, and may be
responsible for the discrepancies reported above (Zitko, 1971a).

Thin-layer chromatography on alumina with n-heptane
as the developing solvent was used to separate PCB from
organochlorine pesticides. Areas on the plates, containing the
respective compounds were extracted with methanol-hexane and the
extracts were analysed by gas chromatography (West~~ et al.,
1970c). TLC on alumina, coated with silver nitrate, was used to
semi-quantitatively determine PCB after oxidation of p,p'-DDE to
4,4'-dichlorobenzophenone with chromic oxide in acetic acid.
Devalop1ng solvent was 5% benzene in hexane and the commercial
PCB preparations Aroclor 1242, 1248, 1254, 1260, and 1262 moved
as single spots with R 0.91-0.94 (Mulhern et al., 1971). A
TLC technique based onftwo-dimensional development with n-heptane
and n-heptane-acetone 98:2, respectively, was described
(Fehringer et al., 1971). PCB components can be effectively
separated by reversed-phase TLC using liquid-paraffin impregnated
silicic acid as the adsorbent and a mixture of acetonitrile,
acetone, methanol, and water, 40:18:40:2, as the solvent (De Vos
et al., 1971).

A method based on reversed liqUid-liquid partition
between water and Chromosorb W, coated with n-undecane and
Carbowax 4000 was developed for the determination of PCB in
water. The sensitivity of the method is in the ppt range
(Abling et al., 1970).

Gas chromatography of chlorinated biphenyls on capillary
columns coated with polypropylene glycol 750 was described
(Weingarten et al.

1
1962), and an excellent separation of mono-,

d~ and trichlorob phenyls by gas chromatography on polyphenyl
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thioethers was patented (Emery et al., 1970). Various other
phases are used for gas chromatography of PCB. One of the most
frequently encountered is the silicone grease SE-30, often
mixed with other materials such as QF-l.

Electron-capture detector response to mono- and
dichlorobiphenyl was reported (Gregory, 1968). The response to
mono-, di-, tri-, tetra-, penta-, hexa-, and octachlorobiphenyls,
and to decachlorobiphenyl was recently determined (Zitko et al.,
1971V. The detector response strongly increases with increasing
number of chlorine atoms in the molecule. For example, the
response of decachlorobiphenyl is 500 times stronger than the
response of 4-chlorobiphenyl. Most of the increase occurs in the
mono- to trichlorobiphenyl range and the response increases only
by a factor of 2-3 between tetra- and decachlorobiphenyl. The
detector response depends also on the chlorine substitution
patterns. Thus chlorine substitution in positions 2 and 6
decreases, and vicinal substitution, particularly in positions
3 and 4 increases the electron-capture detector response. PCB
found in wildlife are of the Aroclor 1254 or 1260 type; according
to mass spectra, their components are tetra-, penta-, hexa-, and
heptachlorobiphenyls (Koeman et al'

l
1970), and the detector

response to these compounds is not ikely to vary more than by a
factor of 2, which is a reasonably good besis for quantification,
even without detailed identification of the individual chlorinated
biphenyls.

Carbon skeleton chromatography of Aroclor 1260 was
recently described (Asai et al., 1971). The preparation is
converted essentially into a mixture of cyclohexylbenzene and
biphenyl at the catalyst temperature of 300°, and into cyclohexyl­
benzene and bicyclohexyl at 260°. The technique may be useful
for confirmation purposes.

Computer-controlled gas chromatography-mass spectrometry
was used to identify tetrachlorobiphenyls in a Los Angeles sewer
extract and in a sturgeon ovary extract (Bonelli, 1971).

Randomization of chlorine atoms between phenyl groups
occurs in the electron impact-induced fragmentation of PCB and
with only one exception (2,2'-dichlorobiphenyl) the primary ion
spectra of different isomers are virtually indistinguishable which
means that the use of mass spectrometry for structural studies
of PCB is limited (Safe et al., 1971).

Reactions of decachlorobiphenyl were recently described.
Decachlorobiphenyl reacts as substituted pentachlorobenzene in
nucleophilic substitution reactions occurring preferentially at
the 4,4'-positions (Binns et al., 1971). Some of the reactions
could possibly be developed into confirmatory tests in residue
analysis. Thus decachlorobiphenyl yields a mixture of 4 and
4,4'-substituted nOna- and octachlorobiphenyls on reduction with
lithium aluminum hydride or butyl lithium. The reaction of
decachlorobiphenyl with sodium methoxide in boiling pyridine
yields a mixture of mono- and dimethoxy nona-, and octachloro­
biphenyl.
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Many peaks in gas chromatograms of PCB and the lack
of identification of individual chlorobiphenyls make the
quantification of PCB difficult, since both height and area
ratios of PCB peaks in environmental samples are usually different
from those in commercial PCB preparations. Some authors use
total peak area (Armour et al., 1970) or area under one (Koeman
et al., 1969), two (Vermeer et al., 1970), or more peaks (Keil
et al., 1971; Prestt et al., 1970), others use peak heights
(Grant et al., 1971; Hansen et al., 1971; Risebrough, 1969). The
values thus obtained are compared with values obtained in the same
way on commercial PCB preparations (usually Aroclor 1254). A method
based on the average electron-capture detector response to biphenyls
containing from 1 to 7 chlorine atoms using commercial Aroclor
preparations as standards, was recently described ( Rote et al.,
1971). The method is not more accurate than any of the other .
quantification procedures, since the detector response to
chlorinated biphenyls with the same degree of chlorine substitution
may vary significantly according to the substitution patterns
(Zitko et al., 197~. Although some believe that the
quantification of PCB with any degree of confidence is impossible
(Richardson et al., 1971), the general opinion is that the
quantification is reasonably precise. The results obtained
recently by different laboratories on an exchange sample of PCB,
included in the O.E.C.D. pesticide monitoring program, have the
same order of variability as usually occurs in the determination
of chlorinated hydrocarbon pesticides (Holden, A. V., personal
communication). However, because of the lack of individual
chlorobiphenyl standards, the quantification cannot be accurate.
No definite quantification procedure for PCB is developed and
"laboratories are encouraged to exercise good judgment in their
measurement of PCB residues and to explicitly describe the
analytical procedures employed when reporting residues of PCB"
(Burke, 1971).

During the analysis for PCB, great care must be taken
to avoid contamination of samples, since PCB may be present in
a variety of products. Thus PCB of the 40~ chlorine variety were
found in cardboard (Bailey et al., 1970) and in a wrapping
plastic material (Mestres et al., 1970).

No analytical methods are available for the determination
of halogenated biphenyls containing different halogens.

PCB are very likely metabolized by hydroxylation.
Microbiological metabolism of biphenyl (Lunt et al., 1970) and
the metabolism of 4-chlorobiphenyl in the rabbit (Block et al.,
1959) have been described and methods for the analrsis of the
phenolic metabolites of bIphenyl (Raig et al., 1970) and of
dichlorobiphenyl diol isomers (Tomori, 1970) by gas chromatography
were developed. In the latter case, silylation was used to block
the hydroxyl groups. On polyethylene glycol adipate the elution
sequence was 3,3'-dichloro-, 3,5'-dichloro-, 5,5'-dichloro ­
2,2'-dihydroxybiphenyl.
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The constituents of Aroclor 1242, 1254, and 1260
have been recently identified by gas chromatography, NMR
spectroscopy, and mass spectrometry. Aroclor 1254 yielded 69
constituents and the major comyonents were identified to be
2,5-2',5'-, 2,3-2',5'· and 2,5-3',4'-tetrachlorobiphenyls,
2,5-2' ,3' ,0'-, 2,3-2'13'16'-, 2,5-2' 14'15'-, 2,4-2' ,4',5'-1
2,5-2',3',4'-, 3,4-2 ,3 ,6'-1 3,4-2 ,4 ,5'-, and 3,4-2',3 ,4'_
pentachlorob!phenyl, 2,3,6-2 ,4',5'-, 2,3,4-2',3',0'-,
2,4,5-2',4',5'-, .nd 2,3,4-2',4' 5'-hexachlorobiphenyl. The
fractionation of Aroclor 1242 and 1260 yielded 45 and 78 components,
respectively. The most fre~uent substitutions in Aroclor 1242
occurred in positions 2-, 2,4-, and 2,5-. The structural
features of Aroclor 1260 components were similar to those of
Aroclor 1254 but the preparation contained more heptachloro­
biphenyls (Sis sons et al., 1971). Kovats retention index system
(RI) was used to characterize PCB in this study. As already
mentioned in terms of retention times, substitution in ortho
positions decreases RI.

Chlorinated naphthalenes resemble PCB in industrial
uses and chemical properties. Chlorinated naphthalenes accompany
PCB on silicic acid chromatography (Armour et al., 1971).

Chlorinated naphthalenes are eluted in the same fractions
as PCB (I and II) also on the alumina-silica chromatography of
Holden and Marsden. If present alone or in a concentration
comparable to that of PCB, their presence could possibly be
recognized from the characteristic peak patterns on gas chromato­
graphy (see Appendix). UV spectrum of a commercial mixture of
chlorinated naphthalenes has a maximum at 306 nm with an

1%
Alcm of 329 (see Appendix). PCB (Zitko, 1970) and polychlorinated
terphenyls (PCT) have only negligible absorbance at this wave­
length so that chlorinated naphthalenes could be confirmed in the
presence of PCB and PCT by UV spectrophotometrY. The limitation
for this method is the background of UV-absorb1ng impurities eluted
from alumina and silica columns and UV-absorb1ng compounds present
in b1010g1cal samples and eluted 1n fractions I and II.

PCT are not eluted from 5% DEGS-2% orthophosphoric acid
(Reynolds 1971) and SE-30 columns at 200°C. PCT (Aroclor 5460)
can be determined by gas chromatography on a 6 ft x 4 mm glass
column contain1ng 3~ OV-210 (Pierce Chemical Company) on
Chromosorb WAW 60/80 and operated at 200°C. Under these
cond1tions Aroclor 5460 g1ves 8 major peaks w1th retention t1mes
of 1.78, 2.45, 3.10, 3.96, 4.83, 5.88, 7.25, and 9.13 relative
to decachlorobiphenyl, respectively. The electron-capture
detector response to Aroclor 5460, based on the sum of heights
of peaks 3.10, 3.96, and 4.83 1s 0.122 per ng relative to
decachlorobiphenyl. More than 90% of Aroclor 5460 is eluted in
fraction II. Using this techn1que PCT were detected in some
environmental samples and attempts are underway to confirm this
finding by mass spectrometry (Z1tko et al., 1971b).



11.

Firemaster BP6 (hexabromobiphenyl) gives 7. peaks with
retention times of 0.50, 0.88, 1.09 (major peak), 1.'+4, 1.77,
1.94 and 2.82 (major peak) relative to decachlorobiphenyl on
the OV-2l0 column. In the pesticide cleanup chromatography the
hexabromobiphenyl preparation is eluted in fractions I and II,
the two major peaks being eluted mainly in fraction I (Zitko, V.,
0. Hutzinger, and P.M.K. Choi, unpublished).

The determination of chlorobenzene in water was
described. The compound was extracted with methylene chloride
and determined by gas chromatography (Martur et al., 1968).
Chlorobenzene was removed from waste water by gravity separation,
extraction with dichloromethane and adsorption on activated
carbon. Residual dichloromethane was removed by aeration
(Radvinskii et al., 1969).

Methods for the determination of carbon tetrachloride
in water were reviewed and a method based on the extraction of
carbon tetrachloride with methyl ethyl ketone and its color
reaction with pyridine in an alkaline medium was suggested
(Stankovic, 1965).

The presence of nonvolatile organochlorine compounds
which cannot be determined by gas chromatography in hexane
extracts of environmental samples could be detected by the
decomposition of samples with metallic sodium and determination
of chloride as described for some chlorinated hydrocarbon
pesticides (Koblitsky et al., 1962).

A semi-quantitative method for the detection of
less-volatile lipophilic chlorine compounds by circular TLC and
development with silver nitrate was described (Koppe et al.,
19708).

PCB levels in the aquatic environment

The presence of PCB in the environment has been
unequivocally established. Of major interest at the moment
are comparisons of PCB levels in different geographical areas
and the sources and transport mechanisms of PCB in the ,
environment. Levels of PCB in fish, seals, and birds are
summarized in Tables I and II. PCB levels in eggs of aquatic
birds from the Bay of Fundy and Passamaquoddy Bay are presented
in Table III. Some of the data have already been mentioned in
the PCB reviews, but are presented again for comparison purposes.

The analyses of fish indicate ubiquitous occurrence
of PCB, with higher levels in fish from coastal areas and enclosed
bodies of water such as Gulf of Maine-Bay of Fundy, Archipelago
of Stockholm, and the Baltic Sea. Relatively fewer data are
available for freshwater fish but is very likely that the trend
is similar, and fish from localities close to industrialized
areas and population centers contain elevated levels of PCB.
The accumulation of PCB in the food chain is indicated by the
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levels of PCB found in seals and in aquatic birds. The levels
of PCB in eggs of cormorants, herring gulls, and black ducks
from the Bay of Fundy and from Passamaquoddy Bay are surprisingly
high and so are the levels in the body tissues of one cormorant
and one herring gull from this area. The other herring gull, found
dead on Hospital Island has lower residues of PCB and p,p'-DDE in
the tissues. This indicates that there may be a considerable
variation of PCB levels between individual specimens. The
concentration of PCB in one cormorant from The Netherlands is
very high.

It is interesting to note that PCB and p,p'-DDE are
present practically exclusively in the yolk. For example, D.C.
cormorant eggs from Station F contain 92.5 ~g/g of PCB and 61.8
~g/g of p,p'-DDE in the yolk, while only 1.37 ~g/g of PCB and 0.77
~g/g of p,p'-DDE were found in egg-white.

The toxicological significance of PCB levels in the
environment cannot be evaluated at the moment.

The levels of organochlorine pesticides and PCB in
fish, margarine, vegetable oils, and other products from Sweden
have been reported (West~~ et al., 1970a,b). Data on some
terrestrial and aquatic organisms from Norway were published
(Bjerk et al., 1970).

Three samples of commercial dry fish food, analysed in
this laboratory contained 0.15, 0.13, and 0.25 ~g/g of PCB
respectively. This may represent an important source of PCB in
laboratory- and hatchery-reared fishes. For example, one-year~old

Atlantic salmon.parr, reared at this Station contained 0.20 ~g/g

of PCB in liver and 0.88 ~g/g in caeca, while smell parr contained
0.30 ~g/g (whole fish). Hatchery-reared rainbow trout (Salmo
gairdneri), held at the Station for experimental purposes,
contained 0.14, 0.22, and 1.49 ~g/g of PCB in muscle, liver, and
caecal respectively. (All concentrations ere given on wet weight
basis. The tissues of both salmon and trout contained only
traces of p,p'-DDE. The levels of PCB may be significant if the
fish are used in testing sublethal effects of PCB and other
pollutants.

Three samples of Canadian margarine were analysed in
this laboratory and PCB concentrations found were 0.47, 0.21,
and 0.18 ~g/g for margarine containing 80% marine oils, 60~
marine oils, and 100% vegetable oils. The levels of p,p'-DDE
were 0.07, 0.25, and less than 0.01 ~g/g, respectively.



Table I. PCB and chlorinated hydrocarbon
pesticides in fishes and fish-eating
birds.
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PCB, p,p'-DDE,
Species Location "gIg "gIg Other

Bluefin tuna (muscle) California 0.04: 0.25:
~~(liver)

0.04__
O.~_

muscle) Ne", Jersey 0.36 o.
Yellc...fin tuna (liver) Galapagos <::0.01: 0.01:
~ albacares (" ) Central America 0.04__ 0.19..

(") West Africa 0.17 0.03

Skipjack tuna (liver) Ha",a11 0.10- 0.01-
EuthYJl!luS~

muscle) Ha",a11 <0.01: 0.01:
(liver) Galapagos <0.01_ <0.01_
(liver) Ecuador

<0.01 __ <0.01__
(muscle) Ne", Jersey 0.82__ 0.12__
(muscle) West Africa 0.14 0.02

Bluefish (muscle) Ne", Jersey 0.84-- 0.17-- DDT 0.07--
Pomatomus saltatrix

S",ordfish (muscle) Cay Sal Bank 0.22-- 0.02--
~~

Blue marlin (muscle) Walker's Cay 0.16-- 0.06--
~ nigricans

Northern anchovy (",hole
1.00- 11.6-fish) California

Engraulis~

Herring (",hole fish) Eastern Canada 0.40--- O.l~--- DDT 0.09---
~~ (muscle) Baltic Sea 0.27+ 0.2 + DDT 0.40+

Archipelago of
0.17: 0.12: O.ll:Stockholm DDT

Gulf of Bothnia 0.06 0.12 DDT 0.14

Sprat (",hole l dry ",t.
basis)

~ .w:a.llJa
Dutch Wadden Sea 0.3-2.0'

Pacific jack mackerel
(",hole fish)

Trachurus symmetrlcYs
California

Mackerel (muscle) Bay of Fundy
Scomber scombrus

0.35*-- 0.07---
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(Table I Cont'd)

PCB p,p'-DDE
/"g/g /"g/g Other

0.90· 0.37·

0.08· 0.18·

0.03··· 0.01···

0.38·· 0.01··

0.02+ ~0.01+

0.02+ <0.01+

0.12· 0.12·

Swedish West
Coast

Baltic Sea

California

~pec1es Location

Plaice (muscle)
Pleuronectes~

(muscle)

Hake (whole fish)
Merluccius productus

White hake (muscle) Nova Scotia Banks 0.02··· 0.02···
UrophYcis~ Bay of Fundy 0.44·· 0.03··

Ocean perch (muscle) Nova Scotia Banks<O.Ol::·<O.Ol::·
~~ Bay of Fundy 0.32 0.03

Cod (muscle) Nova Scotia Banks 0.02··· 0.01···
Gadus~ Bay of Fundy 0.55" 0.04··

(muscle) swedi~~a~~st 0.02+ ~0.01+
(muscle) Baltic Sea 0.03+ 0.03+

Sea raven (muscle) Bay of Fundy 0.21·· 0.08··
Hemitripterus

americanus (viscera) Bay of Fundy 0.73·· 0.30·· DDT 0.24··

Shiner perch (whole California
fish)

Cymatogaster aggregata

English sole (whole California
fish)

Parophrvs~

Plaice (muscle) Nova Scotia Banks
Hlppbglossoldes platessoldes

Bay of Fundy

Picked dogfish (muscle) Swedish West
~ acanthias Coast

Atlantic salmon
Salmo.am (muscle) Eastern Canada

(muscle) Tagged in Canadal
(caught in Greenland)

Smolt (whole fish) Eastern Canada

0.1'"

0.45*·

0.20··

0.10··

0.22··

0.04··

0.28··
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Species

Adult salmon
(muscle)
(l1ver)
(caeca)
(ovaries)
(testes)
(muscle)

Commercial fish oil

Cod liver oil

Mussel (whole)
~~

Dogfish
~ acanthias

Coho salmon
Oncorhynchus~
Flounder
(Paralichthys sp.)

Croaker
MicropogoD uodulatus

Menhaden
Breyoortia~

Pinfish
Lagodon rhomboides

Speckled trout
Cyposcion nebulosus

Shrimp
Penaeus setiferus and
~

1,.

PCB p,p'-DDE
Location Ilg/g Ilg/g Other

Eastern Canada
0.62:: 0.07::
0.84•• 0.14••
0.65•• 0.12••
0.71•• g:~~••0.37+

1."Baltic Sea 0.30 1.9+ DDT

Eastern Canada 3."·· 2.~·· DDT 0.3t·Baltic Sea 3.5+ 8. DDT 7.3
Swedish West

0.74+ 0.9+ 1.2+Coast DDT

O.E.C.D. test 1.39' o. ,1' DDT 1.44'

Swedish West Coast 0.08+ 0.01+
Baltic Sea 0.03+ 0.01+
Archipelago of

0.04:•• 0.02:••Stockholm
Eastern Canada 0.14 0.02
Finland 0.06' traces
Holland 0.4'
Norway traces
Sweden 0.03'

Norway 0.01-0.04'
Sweden 0.1"

Lake Michigan 14.6++ 10.4++ DDT 3.2++

Escambia Bay 4."-

Escambia Bay 12+++

Escambia Bay 11+++

Escambia Bay 10+++

Escambia Bay 20+++

Escambia Bay 1.5-2. ,.-
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Species Location
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Other

Blue crab
Callinectes~ Escambia Bay

American eei (muscle) Eastern Canada
Anguilla~ .

(liver)

Chain pickerel (muscle) Eastern Canada
Esox n!&!tl: (liver)

Pike
~ lucius

Holland
Norway
Sweden

1,7+t +

0.71"· 0.50··"

0.57"""

0.33:::
4.93

0.05'
traces'
0.02'

IlDT 0.63"""

Seal (blubber)
Phoca vitulina and
Halichoerus .&UIlli!!

(blubber)

Grey seal pups (blubber)
(on lipid basis)

Grey seal adults

•
Risebrough, 1969

··This report

•••
Zitko, 1971b

+Jensen et al., 1969

'Holden, 1970c

++Armour et a1., 1970

+++Duke et al., 1970

=Holden, 1970b

Baltic Sea 1'"

A~~~~~~!~O of 6.1+

S.W. England 1800~
N•E. England 50:
Sable Island 12- _
Orkney Islands 7.9-

Sable Island 20=
Orkney Islands 17=

llpT

DDT

4.2+

3r.r~
5.4:
3.1-

],7=
~



Table II. PCB and p,p'-DDE in birds.
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Sp&cies LocatiOn
"g/g

PCB p,p'-DDE

California gull (eggs)
Larus cal1fornfcus.

Brandt's cormorant
Phalacfocorax

penicillatus ....

Pelagic cormo~ant

f. peladcus

Bulked shag
f. aristotel1s.

D.C, cormorant
f. auritus

(eggs)

(eggs)

(eggs)

(eggs)

Farallon Island

California

Britain, West Coast
Britian, East Coast

North Dakota
Wisconsin
Manitoba
Western Canada

Alberta
Western Canada

~
3

3-4=
25"
18=

0.67­
2.21'

0.87+=
1. 57-1.74'

~;;4=

20=
3.3-3.5'

Hazar' bUl
Alca 12m

Kittiwake
~ tridactYla

(eggs) Britain,West Coast
" East Coast

(eggs) West
East

Mallard duck
~ platYrhynchos (eggs)

Guillemot (eggs)
Urea lli&M.

Western Canada

Britain,West Coast
II East II

Baltic Sea

0.09'

8++
3++

1;;' ,

White pelican
Pelecanus

erythrorhmchos

Common tern
Sterna~

Great Blue Heron
Ardea herodias

(eggs)

(eggs)

(eggs)

North Dakota

Saskatchewan
California
South Carolina
Florida
Western Canada

Western Canada

2=

8-12'"
8-12'"
3-8" •

0.94-1. 57'

1=

76-135' ..
11'"
2-7'"

5.1-33.3'

3.7-78.0'
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(Table II cont'd)

Species

Whitetailed eagle (Pect.
Haliaectus albicilla muscle)

Heron (Pect. muscle)
Ardea cinerea

Common cormorant (total body)
f· .w:M

j,lg/g

Location PCB p,p'-DDE

Archipelago of
Stockholm 190" 330' •

Archipelago of
Stockholm 9,400" 14,000"

The Netherlands 402** 14.3**

Subcutaneous fat

(muscle)
(liver)

Subcutaneous fat
Abdominal fat

D.C. cormorant
f·~

Herring gull·
1. argentatus

(muscle)

(liver)

Ovaries

Passamaquoddy Bay

PassamaquoddY Bay

Eider0 (11ver)
Somateria molissima

California gull (abdominal
1. californicus "

(brain)

(liver)

(ovary)

The Netherlands
1967
1968

fat)Western Canada
" Alberta

Western Canada
Alberta
Western Canada
Alberta
Western Canada
Alberta

5.5*'
(63*')

5.6*'
(89*')

23-62.6'
18.87+=

0.81'
0.29+=

1.69'
0.79+=

2.52'
1.22+=

0.14*'
(2.59*' )
1.4*'

(7.2*')

138-416'
134+=
3 6'
1:31+=

15.7'
5.37+=

22 9'
12: 56+=

+j,lg in whole egg

*Risebrough, 1969
++Prestt et al., 1970

=Anderson et al., 1969

+=Vermeer et al., 1970

·Shot and (dead or dying),
respectively

'Reynolds, 1971

"Jensen et al., 1969
"'Mulhern et al., 1971

**Analysed in this laboratorY;
an O.E.C.D. exchange sample

***this report

*'Koeman et al., 1970
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Table III. PCB and p,p'-DDE in eggs of aquatic birds
(~g/g wet weight) from the Bay of Fundy and
Passamaquoddy Bay, New Brunswick (this report).

Eggs Nests

!2... Av.weight.g .!!2.. Stn. p,p'-DDE

D.C. Cormorant 11 47.0 11 F 43.5t2.6· 29.4t8.5·
(f.~) 4 39.3 4 P 17.2tO.79 8.63t1.25

Herring gull 10 99.1 6 F 12.6!6.1 5.67t3.03<I,. argentatus) 3 80.8 3 P 5. 54tO.97 2.83tO.31

Black duck
(Anas~) 4 105.6 4 F 9.10tO.53 1.50tO.20

Guillemot 1 F 2.02 4.34
(.!!1:k lW..&u.)

·Standard deviation
F Fatpot Island
P = Hospital Island

PCB in humans

Fatal poisoning of more than 644 people and fatal edema
of 400 000 chicks occurred in Western Japan in 1968 due to
contamInation of edible rice bran oil and acidulated oil by
chlorobiphenyl used as the heat-transfer medium in oil refining
(Takeshita et al. 1970). Main components of the commercial PCB
preparation KC-400 (Kaneclore 400), were 2,4,3',4'-, 2,5,3',4'-,
2,3,4,4'-, and 3,4,3'14'-tetrachlorobiphenyl, and 2,3,4,3',4'­
pentachlorobiphenyl (~aeki et al., 1971).

The contaminated rice oil contained about 2300 ppm of PCB.
New-born and still-born infants born from poisoned mothers had
darkish skin, possibly due to the presence of PCB which pass
through the placental barrier and accumulate in the skin of the
fetus (Kojima et al., 1969). A symposium report on the poisoning
has been published (Inagami et al., 1969).

The components of Kc-400 with longer retention times were
detected in sputa and fatty tissues of patients (Kojima, 1971).
Serum triglyceride, cholesterol, and phospholipid concentrations
were highly increased, and the lecithin-cholesterol acyltrans­
ferase activity was decreased. Plasma lipoprotein lipase activity
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vas decreased in female patients (Uzava et al., 1971; Nagai et al.,
1969). About 40~ of the examined patients shoved an elevated
excretion of steroids. The 17-keto-steroids tended to increase
in male and decrease in female patients (Nagai et al., 1971).

Some of the patients died about one year after the
accident. PCB with longer retention timesr probably pentachloro­
and higher chlorinated biphenyls were stil , after more than 8
months, found in their tissues and their presence might have been
responsible for the long duration of the intoxication symptoms
(Kojima et al., 1970).

In Europe, PCB were detected in human milk in a concentration
of 0.103 ~g/ml or 3.5 ~g/g milk fat. Human fatty tissue contained
5.7 ~g/g of PCB. Hexachlorobenzene was present in milk in a concen­
tration of 0.153 ~g/ml (5.3 ~g/g fat) and the level of hexachloro­
benzene in the fatty tissue vas 6.3 ~g/g (Acker et al., 1970).
Hexachlorobenzene was recently detected in human serum (Zeman et
a1., 1971).

In the U.S.A. two human adipose tissue samples were
reported to contain 200 and 600 ppm of PCB, respectively, as
determined by gas chromatography and confirmed by mass spectro­
metry (Biros et al., 1970).

PCB were as toxic to human cells in tissue culture as DDT
(Litterst et al., 1971).

Metabolism and physiological effects of halogenated
hydrocarbons

Halogenated hydrocarbons, particularly chlorinated
hydrocarbons, are usually metabolized in animals by dehalogenation.
Halogen atoms may be replaced either by cysteine, the N-acetyl­
cysteine (mercapturic acid) derivative being excreted in the
urine, or by hydroxyl. In the latter case the hydroxylated
derivative is either excreted as such or in the form of its
glucuronide. If several halogens are removed from one aliphatic
carbon atom, aldehydes (such as formaldehyde in the case of bromo­
chloromethane) or acids (DDA from DDT) are the excreted products.
Bacteria and possibly mammals are able to carry out reductive
dechlorination of chlorobenzenes and, probably, both insects and
mammals can dehydrochlorinate chlorinated compounds. Examples of
this reaction are the formation of DOE from DDT and pentachloro­
cyclohexene from?' -hexachlorocyclohexane (Smith, 1964).

Bacteria contain halidohydrases catalyzing the dehalogena­
tion of halogenated fatty acids (Goldman et al., 1968). Hepatic
microsomes of rabbit, rat, and guinea pig contain an enzymic
system dechlorinating chloroethanes and chloropropanes (Van Dyke
et al., 1971). This system requires NADPH and oxygen, is
inducible by phenobarbital and benzpyrene, and has a considerable
substrate specificity. Thus 13.5, 6.0, and <0.5~ of chlorine was
enzymically removed from l,l-dichloro-, 1,1,2,2-tetrachloro-, and
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1,2-dichloroethane, respectively. In the chloropropane series,
4Q.8, 24.6, 5.8, 5.2, 3.2, and 2.5~ of chlorine was removed
from 1,1,2-trichloro-, l,l-dichloro-, 1,2-dichloro-, 2-chloro-,
l-chloro-, and 2,2-dichloropropane, respectively.

Very little information is available on the metabolism
of PCB. Varying peak ratios observed on gas chromatograms of
PCB extracted from different tissues and from animals at
different trophic levels suggest that some selective metabolism
of individual chlorinated biphenyls takes place.

When rabbits were fed 4-chlorobiphenyl, 4-(p-chlorophenyl)
phenol was isolated from ether-soluble fraction of urine, and
4-chlorobiphenylglucosiduronide from the ether-soluble fraction
of urine. Analogous metabolites were found in rabbits fed
biphenyl and the study indicated that 4-chlorobiphenyl was
metabolized as readily as biphenyl by the rabbit, but twice as
much 4-chlorobiphenyl as biphenyl was excreted in the form of
glucuronic acid glycoside (Block et al., 1959). Rabbits can
metabolize l-chloro- and dichloronaphthalene and in both cases,
a glucosiduronic acid derivative is the major metabolic product.
No metabolic products of more highly chlorinated naphthalenes
were detected and it was suggested that higher degree of
chlorination may interfere with the metabolism. There is a
correlation between the extent of chlorinated naphthalenes
metabolism and toxicity. Naphthalenes containing 5 or more
chlorine atoms produced severe toxic symptoms (Cornish et al.,
1958).

It is possible that the metabolism of PCB follows similar
patterns, i.e., lower chlorinated PCB are metabolized and
excreted while higher chlorinated PCB are not metabolized.

PCB containing up to 48~ chlorine had estrogenic activity
as determined by the 18-hr glycogen response of the rat uterus.
Minimum effective dose was 8 mg, which is more than the
effective dose of p,p'-DDT, o,p'-DDE (4 mg), and 0iP'-DDT (0.25
mg), and equal to the activity of o,p'-DDMU. Aroc or 1254,
1260, 1262 and 1268, Aroclor 4465 and 5460 were inactive,
Aroclor 1221, 1232, 1242, and 1248 were active at 8 mg, and
Aroclor 5442 was active at 1 mg level; p,p'-DDU, p,p'-DDE
p,p'-DDMU, p,p'-DDA, and o,p'-DDD were inactive. Apparently,
the requirement for estrogenic activity are unsubstituted, and
either -OH or -OCH, substituted p,p'-positions (Bitman et al.,
1970). Administra~ion of PCB to rabbits increases the total
lipid, triglyceride, and cholesterol content of liver and
decreases the total liver phospholipid content. The concentra­
tion of serum triglycerides is abnormally increased (Ito et al.,
1971) •

The enhancement of the liver drug-metabolizing enzyme
system in the rat by several individual chlorinated biphenyls
was studied. The most potent inducer was 2,3',4,4' ,5-
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pentachlorobiphenyl. The effect induced with a single dose of
3,3',4,4'-tetrachlorobiphenyl continued for 6 weeks (Fujita et
a1.,1971 ).

Aroclor 1254 at a daily dose of 10 mg/kg (28 days)
caused increased liver weights, and carboxylesterase, aniline
hydroxylase, and aminopyrine-N-demethylase activities in rabbits.
No effect on body weight and on number of fetuses/litter was
observed. Doses of 12.5 25, and 50 mg/kg were embryotoxic
(Villeneuve et al., 1971l. Acute oral LD50 of PCB in mice is about
2.0 g/kg. Daily dose of 0.1 g/kg administered to mice for 4 weeks
caused a decrease in body weight and a 10-fold increase in serum
triglycerides (Tanaks et al., 1969).

Polychlorinated biphenyls of the KC-400 variety were
administered in a single dose to mice (2.0 mg/mouse). The
concentration of PCB in the skin, one day after the ingestion was
twice as high as that in the liver. Tetrachlorobiphenyls were
almost completely eliminated from the tissues in 3-4 weeks but
small amounts of penta- and hexachlorobiphenyls were still
detectable after 9-10 weeks (Yoshimura et al., 1971). Aroclor
1254 was found to potentiate the toxicity of carbon tetrachloride
in the rat (Grant et al., 1971). Mice receiving PCB of the 48%
chlorine variety for up to 26 weeks and cynomolgus monkeys
(about 1 kg body wt.) receiving 641 mg of PCB in 40 days or
348 mg in 239 days developed enlarged livers. An increase of
smooth-surfaced membranes and reduction of rough-surfaced membranes
of the endoplasmic reticulum was observed (Nishizumi, 1970).

The distribution of PCB in rats dosed with PCB was
determined by X-ray fluorescence analysis. PCB residues were
found mainly in the skin, and to a lesser extent in muscles,
intestines, livers, pancreas, and lungs. The gas chromatographic
patterns of PCB varied from tissue to tissue (Sekita et al.,
1970). Distribution, storage and excretion of PCB by Sherman
rats was reported (Curley et al., 1971). Feeding PCB of the
Aroclor 1242 variety depressed Vitamin A in rat liver by about
40% (Cecil et al., 1971).

PCB produced porphyria in chickens fed 400 ppm of
Phenoclor DP6, Clophen A60, and Aroclor 1260 in the diet. The
first 2 preparations were much more toxic than Aroclor 1260
and had higher incidence of edema and liver necrosis. PCB
levels in the liver could not be correlated with the survival
time and a great variation in the residue levels in liver and
brain was observed (Vos et al. 1970a). It was reported that
PCB reduce estrogen concentratIon in ring doves (Streptopelia
~ and cause thin-shelled eggs (Peaksll, 1970). However,
according to a later paper, no eggshell thinning by Aroclor
1254 was found in ring doves fed 10 ppm of Aroclor 1254 in their
diet for 6 months. After 35 days on the diet, the level of PCB
in the eggs was 4.81±1.08 ppm (Peaksll, 1971). Aroclor 1254
did not induce measurable changes in egg shells or in the
reproductive success of mallard ducks (~ platyrhynchos) and octMhioo

(Colinus virginianus) receiving 25 and 50 ppm of Aroclor in ~
libitum diet. LC$O's (ppm in ad~ diet) of Aroclor 1242,
~254, 1260, and 1262 for-mallards were 3180, 2795, 2700,
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1975, and 3010, as compared to 3570, 1870, 200, and 22 for
DOE, DDT, dieldrin, and endrin, respectively (Heath et al.,
1970). Similar data for pheasants (Phasianus colchicus),
Japanese quail (Coaurnix coturnix), and bobwhite were also
presented. About -fold difference in PCB toxicity to different
species was noticed. Thus for example LC50 of Aroclor 1254 is
1090, 605, and 2900 for pheasant, bObwhite, and Japanese quail,
respectively. The toxicity of Aroclor 1254 to Bengalese finch
(Lonchura~) is only about 1/13 of the toxicity of DDT,
however, Aroclor 1254 has a much more gradual toxicity curve.
No correlation was found between the dose and concentration of
PCB in the liver. It was suggested that lethal poisoning of
birds in Britain by PCB was unlikely, however, breeding failure
was possible (Prestt et al., 1970).

Mallard ducklings survived 10 days of feeding on a diet
containing 251

50, and 100 ppm of PCB but suffered significantly
higher mortal ty than control animals when later infected with
duck hepatitis virus (Friend et al., 1970).

PCB (Clophen A50) enhanced nocturnal activity of robins
(Erithacus rubecula). Control birds contained from 0.05 to
0.12 ~g7g PCB on fresh weight basis in breast muscle. Birds fed
PCB (ingested amount 55-65 ~g) contained 0.16-0.~7 ~g/g in breast
muscle (Ulfstrand et al., 1971).

Fiddler crabs (~ pugilator) and pink shrimp (Penaeus
duorarum) were shown to accumulate PCB from contaminated sediment
particles (Nimmo et al., 1971). Lethal threshold of Aroclor
1254, solubilized in water by a commercial nonionic dispersant
formulation, to Gammarus oceanicus was 0.001-0.1 mgll (Wildish,
1970). Branchial necrosis was observed. Uptake of Aroclor
1254 from sea water by Q. oceanicus was measured (Wildish et al.,
1971).

Pinfish (~ rhomboides) and spot (Le ostomus
x~nthurus) died after exposure to 5 ppb of Aroclor 12 for
1 -45 days. Aroclor 12~ levels in exposed fish were ~6-152 ppm.
After 8~ days fish eliminated 73~ on ppm basis and 61~ on total
body burden basis (Hansen et al., 1971).

Fatty livers were frequently observed in salmon reared in
Swedish hatcheries and one-year-old salmon, average weight 18 g,
had ~2.2 ppm on fat basis of PCB in the liver. Eggs from salmon
grown at sea contained 7.7-9.2 ppm of PCB after stripping and
7.7-19 ppm after about 3 months incubation in fresh water. The
figures for freshwate~reared females were 7.7-19 and 1~-3~ ppm
(all on fat basis, fat content is 3.8-7.9%), respectively. High
losses of eggs could be correlated with high PCB levels. The
losses were due to either unfertilized eggs or to mortality at
an early stage (Johansson et al., 1970).

Aroclor 12~2 in a concentration of 0.1 ppm inhibited the
growth of Q. closterium (Keil et al., 1971).
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Latent toxicity of PCB to ~h}rthipDuS~ at the
moult was suggested (Moriarty, 19 9 •

Two compounds, 3-chloro-2-hydroxy-, and 5-chloro-2­
hydroxybiphenyl were repellent to Musca domestica (Shambaugh
et al., 1968). The latter was also effective against
Tetrachynus telarius. 3-chloro-2-hydroXY-5-nitrobiphenyl is an
uncoupler of oxidative phosphorylation (Cheng et al., 1969).

Activity of DNase I is inhibited by 2-hydroxy- and
3,4-dihydroxybiphenyl, while 4i4'-dihYdroXYbiPhenYl has no
effect (Gottesfeld et al., 197 ).

Fatty livers are the general symptom of exposure to
vapours of chlorinated hydrocarbons such as carbon tetrachloride
and 1,1,2,2-tetrachloroethane. The increase of the hepatic
triglyceride content has a maximum between 20 and 25 hours after
exposure while the concentration of plasma triglycerides increases
between 70 and 90 hours (Tomokuni, 1970).

o-dlchlorobenzene is more toxic to mammals than
p-dichlorobenzene. Accumulation of chlorobenzene and
o-dichlorobenzene but not of p-dichlorobenzene was observed in
experimental animals. Threshold concentrations for the odour
and taste of water are for chlorobenzene 0.02 mg/l, for
o-dichlorobenzene 0.002 and 0.0001 mg/l, and for p-dichloro­
benzene 0.002 and 0.006 mg/l, respectively (Varshavskaya, 1967).
Primary metabolites of p-dichlorobenzene are 2,5-dichlorophenol
and 2,5-dichloroqulnol, excreted in the urine as glucuronide
and ethereal sulfate conjugates. A method for their determination
by gas chromatography of their trimethylsilyl derivatives was
described (McKinney et al., 1970).

The toxicity of chlorobenzenes to fish increased with
increasing chlorine substitution, provided the compounds were
water soluble; 1,2,4-trichlorobenzene was most toxic to~
conchonius (Toman et al., 1959). The determination of hexachloro­
benzene in grain by gas chromatography was described (Taylor et
al., 1970). Half-life of hexachlorobenzene in Japanese quail
was about 3 weeks (Vos et al., 1968).

The no-effect level of hexachlorobenzene in Japanese
quail (~~~) was 1 ppm in an ll.!! JJ..!!llJdm
for 90 days' administered diet. Slight liver damage and
enlarged fecal excretion of coproporphyrin was observed in
animals fed 5 ppm of hexachlorobenzene in the diet. The
hexachlorobenzene levels in liver and brain were 0.79 and 0.47
ppm, 2.13 and 2.32 ppm in females and males at the 1 ppm level,
respectively; 6.88 and 0.99 ppm, 8.56 and 1.44 ppm at the 5 ppm
level. Liver residues of hexachlorobenzene in sparrow hawk
(Accipiter ~), buzzard (Buteo buteo), and hooded crow
(Corvus gOrnix}Ufrom The Netherlands averaged 45.5 ppm during
1965-196 , and the average in 1968-1969 for the above species
and Kestrel (Falco tinnunculus), marsh barrier (Circus
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eru nosu), barn owl (~~), long-eared owl (Asio .Q!ill!),
and crane ~ KLY&) was 48.2 ppm (Vos et al., 1971~

Hexachlorobutadiene caused skin irritation and
hyperemia in rats (10504.33 g/kg), and its oral 1050 was
165 mg/kg (Chernokan, 1967). Hexachlorocyclopentadiene inhibited
biochemical oxidation in water in a concentration of 0.5 mg/l,
and a concentration of 0.0015 mg/l produced detectable smell.
Maximum permissible concentration of 0.001 mg/l was suggested
(Neistein et al., 1965). Con~t eczema was caused by manipulation
of timber treated with XYlamo~ a wood-protecting agent contain­
ing chlorinated naphthalenes (Weichardt, 1970).

Lipid-bound bromine was detected in the adipose tissue
of rats fed hrominated maize oil (BKO). At dietary levels of 0.05,
0.2, and 0.8~ BKO, adipose tissue contained 60, 200, and 1050
mg/100 g lipid-bound bromine. The brominated compounds were not
metabolized as normal lipid. Rats fed 0.8~ BKO for 6 weeks
contained 730 mg/100 g lipid-bound bromine in the adipose tissue.
When returned to control diet

l
the bromine content after one week

was 830 in the group fed A& illllY!!l and 2650 in the group with
restricted feeding. After two weeks the values were 740 and 53501
respectively (Gaunt et al., 1971a). Lipid-bound bromine was found
in adipose tissue, liver~ spleen, adrenals, brain, kidneys, and
lymph nodes of pigs fed ~KO. None was detected in serum and
urine (Gaunt et al., 1971b).

Tetra- and pentachlorodibenzofurans were detected in
certain commercial PCB preparations (Clophen, Phenoclor). The
level of the latter was about 5 ppm in Clophen and about 20 ppm
in Phenoclor (Vos et aliJ 1970b). These compounds are extremely
toxic. Tri- and tetrac orodibenzofuran causes often lethal
necrosis of the liver in rabbits after a single oral dose of
0.5-1.0 mg/kg, and a structurally similar 2,3i718-tetrachloro­
dibenzo-p-dioxin is effective in a single ora dose of 0.05-
0.1 mg/kg (Vos et al., 1970b loco cit.).

Determination of chlorinated dibenzo-p-dioxins and
dlbenzofytans

Chlorinated dibenzo-p-dioxins are byproducts in the
preparation, hydrolytic, and pyrolytic reactions of
chlorophenols.

9 10 1

:©C~
6 5 4
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Structurally somewhat similar to chlorinated dibenzofurans,
mentioned earlier, these compounds, also known as "chick
edema factor" are extremely toxic.

Recently their presence in technical 2,4,5-T received
publicity (Dow Chemical Company, 1970) and a method for the
determination of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in
technical 2,4,5-T was developed (Storherr et al., 1971). The
compound was separated by steam distillation and determined by
microcoulometric gas chromatography. Over 100 samples of 18
different pesticides derived from chlorophenols were analyzed
for TCDD. Seventy-six percent of the samples contained less
than 0.1 ~g/g of TCDD, 7~ contained between 0.1 and 1.0 ~g/g
and 9~ contained more than 10 ~g/g (Woolson et al., 1971).
Three out of 6 commercial samples of 2,4,5-trichlorophenol
contained TCDD, 0.07, 1.4, and 6.2 ppm, respectively. TCDD was
absent from 11 examined samples of tetra- and pentachlorophenol.
These samples, however, contained hexa-, hepta-, and octachloro­
dibenzo-p-dioxins, and a variety of chlorofurans and chloro­
ethers. All pentachlorophenols examined contained from 0.17 to
39 ppm of hexachlorodibenzo-p-dioxins, 2 pentachlorophenol
preparations probably contained a hexachlorohydroxybiphenyl.
Electron-capture gas chromatography and combined gas chromato­
graphy - mass spectrometry were used to detect all above­
mentioned compounds (Firestone et al., 1971a).

TCDD was not generated in sol1s containing
2,4-dichloro- and 2,4,5-trichlorophenol, but 80-85~ of added
TCDD was recovered from the soil after 160 days (Kearney et
al., 1971).

Some of the lower chlorinated dibenzo-p-dioxins behave
similarly to PCB and a separation of 2,3-dichloro-,
~13,7-trichloro-, and 2,3,7,8-tetrachlorodibenzo-p-dioxin from
~B was described (Porter et al., 1971). Column chromatography
on alumina, activated at 130°C overnight was used. PCB were
first eluted with 1~ methylene chloride in hexane and the
chlorodibenzo-p-dioxins were eluted with 20~ methylene chloride
in hexane. Because of the extreme tOXicity of these compounds,
it is unlikely that standards will be widely available. The
retention times relative to aldrin on a 6 rt - 4 mm column
containing 3~ OV-10l on 80/100 mesh Chromosorb WBP were 0.93,
1.67, and 3.0 for 2,3-dichloro-, 2,3,7-trichloro-, and
2,3,7,8-tetrachlorodibenzo-p-dioxin, respectively. The most
commOn standard for hexa-, hepta- and octachlorodibenzo-p­
dioxin is 1.5~ reference toxic fat (available from Division of
~~~5~):des, Food and Drug Administration, Washington, D.C.,

The determination of hexa-, hepta-, and octachloro­
dibenzo-p-dioxin in tissues of chickens, fed the toxic fat, was
described. Over 90~ of the ingested higher chlorodibenzo-p­
dioxins was excreted. About one-half of the absorbed dioxins
was present in the liver (Firestone et al., 1971b). In this
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laboratory the chlorodibenzo-p-dioxins were isolated from the
toxic fat by the recommended procedure (Ress et al., 1970)
and their behaviour during the modified Holden and Marsden
cleanup (Holden et al., 1969) was examined. Additional samples
of chlorinated dibenzo-p-dioxins and samples of chlorinated
dibenzofurans were obtained from Dr. D. Firestone. All of these
compounds are eluted in fractions I and II. Their retention
times and electron-capture detector responses are summarized in
Table IV. The higher chlorinated dibenzo-p-dioxins and dibenzo­
furans would not interfere with the quantification of PCB in
terms of Aroclor 1254 but some of them could be mistaken for some
of the minor Aroclor 1260 peaks. The octa-peaks could easily be
missed due to their long retention times. It is of advantage to
use the OV-2l0 column for hepta- and octachlorodibenzo-p-dioxins
and dibenzofurans. The lower chlorinated compounds would interfere
with PCB quantification, could escape detection, Rnd must therefore
be separated from PCB in the analytical procedure (Zitko, V., and
P.M.K. Choi, unpublished).

EXPERIMENTAL

All glassware used in the analytical procedure was
washed with Alconox (Canlab) in tap water end rinsed with
distilled weter, acetone, and finally with pesticide-grade
hexane. Whatman extraction thimbles were extracted with
pesticide-grade hexane and air-dried before use. Tissue samples
or in some cases homogenized whole fish were used for analysis.
The samples (0.5-5 g, depending on the amount available and the
expected concentration of PCB and pesticides) were ground with
anhydrous sodium sulfate to yield a free-flowing powder. The
powder was quantitatively transferred into the extraction
thimble and extracted in a Soxhlet extractor with pesticide­
grade hexane for 1 hour. The extract was transferred into a
100-ml volumetric flask and made up to volume with hexane.

The procedure of Holden and Marsden (Holden et al.,
1969), somewhat modified as described below was used to clean
up the extract and to separate PCB from most chlorinated
hydrocarbon pesticides. Alumina (alumina for chromatography,
Fisher Scientific Company) was activated at 800°C for ~ hOurs,
cooled in a desiccator, and deactivated by the addition of 5~
of distilled water. Silicic acid (Silicar, Mallinckrodt) was
activated at 130°C overnight and deactivated by the addition of
3~ of distilled water (Armour et al.~ 1970). Several batches
of Silicar were contaminated with PC~ of the Aroclor 1254
variety. Three batches of the lot TEE contained 0.03 ~g/g of
Aroclor 1254, lot PXR contained 0.16 ~g/g. Lot TSB was not
contaminated. The amounts of PCB present would seriously affect
the results of PCB determinations. PCB can be removed from the
contaminated silica by washing with acetone, but the treatment
changes irreversibly the chromatographic properties of the
adsorbent and the required activity cannot be restored. Columns
~5 x 0.5 em, plugged by a piece of glass wool were used. The
columns were filled dry with 2 g of alumina or silica.
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Table IV. RetentIon tIme and electron-capture detector
response of chlorInated dibenzofurans and dibenzo­
p-dioxins.

Rete~n tIme Response/ng
HeIght !!:a

1.18
3.36

0.28 0.49

0.043 0.25

0.23 4.11

6.03 16.3

0.22
0.13
0.23
1.75

0.67
0.63

3S OV-210 Column

4.05
1.40 1.60

4.30
1.60

4" 5E-3O Column

1.65

Ug
13.5'"
27.6·
55.0·
80

1.90•
3.64

7.3,
12.3

22.8 25.3
4j.6'
83
3.95

Dichlorodibenzofuran
Trichlorodibenzofuran
Tetrachlorodibenzofuran
Pentachiorodibenzofuran
Hexachlorodibenzofuran
Heptachlorodibenzofuran
Octachlorodibenzofuran
2,7-dlchlorodlbenzo-p-dloxln

trlchlorodlbenzo-p-dloxln
2,3,7,8-tetrachlorodlbenzo-p-dloxln

pentachlorodlbenzo-p-dloxln
hexachlorodlbenzo-p-dloxln
heptachlorodibenzo-p-dioxin
octachlorodibenzo-p-dioxin

p,p'-DDE

Octachiorodibenzofuran
Hexachlorodibenzo-p-dioxin
Octachiorodibenzo-p-dioxin
Decachlorobiphenyl

·Estimated from log (retention time) vs number of chlorine
a toms plot s.

Retention times of Aroclor 1254 peaks on the 5E-30 Column
were:

(1.95), 2.90, 3.45, (4.30), 5.15, 6.05, 7.20, (8.40),
(10.1), (11.5), and (13.7)

In brackets are retention times of peaks not used for
quantification.
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All evaporations were carried out in a rotatory
evaporator at 20·C in water-pump vacuum.

Pesticide-grade hexane from Fisher Scientific Company
was used as received. Pesticide-grade hexane from Matheson
Coleman & Bell, supplied by Canlab, was distilled to remove a
small amount of a high-boiling fraction, and pesticide-grade
benzene (5 ml!l) was added to the distillate to obtain elution
patterns identical with those of the Fisher Scientific Company
pesticide-grade hexane (Zitko, 1971a). UV spectra of these 2
pesticide-grade hexanes and of pesticide-grade hexane from
Mallinckrodt are presented in Appendix. An aliquot of the sample
extract (2-20 ml, depending on the expected concentration of PCB
and pesticides) was evaporated to a small volume (1-1.5 ml) and
applied to the alumina column. The solution was washed into the
column with an additional 1.5 ml of hexane and the column was
washed with hexane until 20 ml of effluent was collected. The
effluent was evaporated to a small volume (1-1.5 ml), applied
to the silica column, and washed into the column with 1.5 ml of
hexane. The column was washed with hexane, the first 10 ml of
the effluent was collected as fraction I, the next 20 ml of the
effluent as fraction II. After collecting the fraction II, the
eluting solvent was changed to a 10~ solution of diethyl ether
in hexane and 10 ml of this effluent was collected as fraction
III.

The fractions were evaporated to dryness, the residue
was dissolved in a known volume of hexane (0.2-30 ml, depending
on the concentration of PCB and pesticides) and analysed by gas
chromatography. In some cases a contaminant was eluted in
fraction III. This impurity appeared as a somewhat unsymmetrical,
tailing peak with a retention time similar to that of p,p'-DDE
and could be removed by passing fraction III through the alumina
column, eluting with hexane and collecting 20 ml of effluent.

A Packard A7901 gas chromatograph with a glass column
(6 ft x 4 mm), containing 4% SE-30 on Chromosorb WAW 100-120
mesh, operated at 200·C, was used. Carrier gas was nitrogen at
a flow rate of 60 ml!min. Injector and detector were kept at
210·C, D.C. voltage in the electron-c~pture detector was 90V
and the meter sensitivity was 3 x 10-~A.

Standard solutions of Aroclor 1254, p p'-DDE, and 2
different mixtures of pesticides were injected Jaily to
calibrate the detector. The concentration of the Aroclor 1254
standard solution was 2.205 ~g!ml, that of the p,p'-DDE
standard solution was 0.96 ~g!ml. Pesticide mixture M-8
contained hexachlorobenzene aldrin, heptachlor epoxide,
p,p'-DDE, P1 P '-DDD, and p,pl-DDT in concentrations of 0.0232,
0.160, 0.302, 0.401, 0.455, and 0.450 ~g!ml, respectively.
Pesticide mixture M-9 contained lindane, heptachlor, heptachlor
epoxide, dieldrin p,p'-DDD, and p,p'-DDT in concentrations of
0.155, 0.155, 0.302, 0.216, 0.455, and 0.450 ~g!ml, respectively.
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To eliminate the evaporation of hexane from the
standard solutions, the solutions were kept in 6 ml hypovials
closed with Viton septa (Pierce Chemical Company).

Several different volumes of the standard solutions
were injected to be sure that the detector response is linear in
the range used.

The detector response to the chlorinated hydrocarbon
pesticides, expressed as disc-integrator area per ng for all
pesticides except hexachlorobenzene, where the peak height was
used, is given in Table V.

Table V. Electron-capture detector response to
chlorinated hydrocarbon pesticides.

Pesticide

Hexachlorobenzene
Lindane
Heptachlor
Heptachlor epoxide
p,p'-DDE
Dieldrin
p,p'-DDD
p,p'-DDT

*Standard deviation

Response/ng

142 t 4.3*
7.74 ± 0.77
8.32 ± 0.77
7.15 ± 0.43
6.70 ± 0.37
7.04 ± 0.32
4.96 ± 0.04
4.56 ± 0.16

Relative response/ng
(p,p'-DDE - 1.00)

1.15
1.24
1.07
1.00
1.05
0.74
0.67

Two different electron-capture detectors were used
in the present study. Detector A was in operation from
January 1971 until March 1971. Detector B was used from
June 1971. The long-term changes in the responses of the
detectors to p,p'-DDE and Aroclor 1254 are presented in
Table VI. Peak area was used in the case of the detector A,
peak height in the case of the detector B so that the results
are not comparable in the actual response value, but they are
comparable from the pOint of view of long-term changes. The
increasing response of the detector B was not due to changes
of the standard solutions on standing. Fresh standard solutions
injected on the 50th day gave responses of 8.59 and 3.73 for
p,p'-DDE and Aroclor 1254, respectively. It is likely that the
long-term trend in the detector response is caused by the
conditioning of the column, as a result of which larger amounts
of injected compounds reach the detector. With the electron­
capture detector alone, it is impossible to measure the amount
of the injected compound actually reaching the detector.
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Table VI. Long-term changes of the electron-capture
detector response.

Response to p.p'-DDE Response to Aroclor 1254

~ Detector A Detector B Detector B

1 5.77 4.37 1.59
2 4.2~ 1.40

~
4.2 1.43
4.8~ 1.51

5 5.42 4.1 1.68
7 6.24
8 6.25 6.22 2.36
9 5.60 2.~9

10 5.77 2. 2
11 5.49 2.69
12 5.41 2.35

t~
5.19
6.61

15 ~.83 5.96 2.68
16 .90 6.03 2.60

t~
6.02 2.7~
6.54 2.7

19 5.36 5.91 2.78
20 5.08
22 5.28 6.45 2.82

~~
5.57 6.39 3.04

7.36 3.19
26 6.45 3.03
28 5.25
29 5.79

~:~~
3.26

30 3.47
33 4.47 7.75 3.47
35 4.91
36 5.59

~~ 7·zt 3.~
7. 3.

~6
7.46 3.70

3.92 7.84 3.74
41 5.18
42 6.52

~
6.60 7.01 3.30
5.42

~~ 5.55 8.14 4.01
5.50

49 5.22
50 4.57 7.77 3.89
51 4.60
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(Ta ble VI. Cont' d)

55
56

~~
61
62
63

Response to p,p'-DDE
Detector A Detector B

4.65
4.79
4.61
5.17
5.04
4.54
4.81

Response to Aroclor 1254
Detector B

Results of the analysis of 2 pesticide-spiked corn oil
samples are presented in Table VII. The sample A was spiked in
this laboratory, the sample B is an O.E.C.D. exchange sample for
which the identity and concentration of chlorinated hydrocarbon
pesticides was not known at the time of the analysis.

Table VII. Analysis of corn oil spiked with chlorinated
hydrocarbon pesticides.

Pesticide

Concentration, ug/g
Sample A Sample B

Added E!llYlQ,. Added Found

HexBchlorobenzene
Lindane
Heptachlor
Aldrin
Heptachlor epoxide
p,p'-DDE
o,p'-DDT
Dieldrin

p,p'-DDD
p,p'-DDT
p,p'-dichlorobenzophenone

*Standard deviation

0.29
1.95
1.95
2.02
3.81
5.09

2.72

5.70
5.70

0.23 0.22
2.26 2.06
2.22 1.85
2.24 2.25
3.51 3.59
5.72 5.41

2.98 3.16

4.18 3.99
6.77 5.59

4.0 3.32:1:0.27*
15.0 11.89:1:1.90
3.5 1.06:1:0.49
5.0 3.98:1:0.61
7.5 5.75:1:0.68
4.5 3.83:1:0.97
2.0 not detected
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Average recovery of Aroclor 12~ in the analytical
procedure was 105.5~.

PCB were quantified in terms of 4roclor 12~. In
some samples the areas under the second, fourth, and sixth
major Aroclor 12~ peak (see the gas chromatogram in Appendix)
were used. In other samples the quantification was carried out
using the total height of the first, second, fourth, fifth, and
sixth major Aroclor 12~ peak. The latter method is faster and
yields practically identical results as demonstrated in Table
VIII.

Table VIII. Comparison of two PCB quantification
methods.

PCB, ~g/g

Peak height Peak areaSample

Herring gull eggs
Cormorant eggs
Black duck eggs
Herring
Trout exposed to Aroclor in the lab

Muscle
Liver
Caeca

6.92
41.3

5.05
0.43

5.50
52.5

208

7.06
34.4
4.63
0.32

6.30
57.0

228

Duplicate extracts were prepared from some samples,
particularlY from those with high levels of PCB and p,p'-DDE,
and each extract was analyzed in duplicate. Results of single
analyses are reported for other samples. The precision of
the duplicate determinations was reasonably good in terms of
residue analysis, the standard deviation being about 6-15~.
Standard deviations of the egg analyses are given in Table III,
additional data are presented in Table IX.



Table IX. Precision of PCB, p,p'-DDE, p,p'-DDD, and
p,p'-DDT determinations.

Sample
Herring

Mean~Stand.Dev.

JJUi!.
PCB

O.ltl
0.4-6
0.lt5
O.ltl

0.lt3 t O.026

0.07
0.09
0.10
0.10

0.09t O.Ollt

0.03
0.03
0.02
0.01
0.02

0.10
0.09
0.08
0.06

0.08t O.017

Cormorant
(O.E.C.D. exchange
sample)

Mean~Stand.Dev.

398
425
1t1t3
373
369

1t02t 32

IIt.8
16.2
15.6
12.2
12.7

IIt.3~1.76

traces
"
""

traces
"

1.10
1.22
1.lt2
1.21
1.2ltt O.13

0.06
0.07
0-39
0.33

0.20t O.19

0.68 0.12
1.olt 0.18
O.ltl 0.39
0.38 0.35

0.63tO.30 0.26t o.13

2.13
1.99

0.lt6 0.72
0.lt9 0.67
0.39 0.79
0.37 0.69

0.lt2t O.057 0.72t O.053MeantStand.Dev.

Mean~Stand.Dev.

Herring gull muscle 5.01
5.12

Atlantic salmon smolt* about 0.1
(whole fish) " "

It II

*Exposed to technical DDT; different fishes were used
to obtain duplicate extracts.
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CONCLUSIONS

A variety of halogenated compounds is used in
industry and incorporated into numerous products. These
compounds enter the environment and may be accumulated in
the biomass as already demonstrated in the case of PCB,
hexachlorobenzene, byproducts from vinylchloride prOduction,
and PCT. PCB and hexachlorobenzene were detected qUite easily
since they accompany chlorinated hydrocarbon pesticides during
the analysis. Modified conditions had to be used to detect
low-molecular weight chlorinated hydrocarbons and PCT. It is
very likely that other halogenated hydrocarbons will also be
detected in the environment as soon as suitable analytical
methods become available. Some of the compounds may already
now be seen as unidentified peaks in the routine determination
of chlorinated hydrocarbon pesticides.

Very little is known about the fate and toxicological
significance of industrial halogenated hydrocarbons in the
environment. Levels of hexachlorobenzene in livers of some
species of birds in The Netherlands are well above those found
in birds fed on a diet containing hexachlorobenzene at the
no-effect level in the laboratory. No dose-level-effect
relationship has been established for PCB.

The rate of accumulation of PCB and hexachlorobenzene
in the environment is not ~own, since the levels have not been
monitored for an extended period of time. It is possible
that a steady-state situation exists in some areas. The world
consumption of industrial halogenated hydrocarbons should be
determined. This together with some toxicity data already
available and some extrapolations would determine research
priorities. Until more refined data on acceptable levels of
halogenated hydrocarbons in the environment become available,
these compounds should be considered potentially harmful and
their discharge into the environment should be limited as much
as possible.

In studies of sublethal effects of PCB on fish and
other aquatic animals, great care should be taken to secure
uncontaminated controls, mainly by using 8 PCB-free diet.
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ADDENDUM

Additional information was obtained while this report
was in typing.

PCB were ch~racterized by gas ch60matogrQnhY on SE-30
support-coated open capillary columns. 3 Cl-labelled Aroclors
i248 and 1254 were prepared by neutron irradiation (Stalling et
al., 1971), and the prenaration of JH-labelled PCB by·selective
labeiling and nonselective chlorination in the gas phase over
ferric chloride was described (Igekami et al., 1971). In addition
to chlorinated paraffins and PCB, sheet materials may be fire­
proofed by pentabromotoluene, tetra bromo benzene , trichlorotribromo­
benzene, deca bromobiphenyl , chlorinated rubber, brominated soybean
oil, and perchloropentacyclodecane.Chlorinated paraffins are used
for cotton, paper, and unbleached kraft based boxpoard and
corrugated medium. Adhesive compositions for laminates may, in
addition to chlorinated paraffins, contain ?CB of the 54 and 60%
varieties (Thiery, 1971).

Flame retardant compositions for po1yolefins, poly
(oxymethylene), nylon, and cellulose acetate are based on
chlorinated hydrocarbons with boiling point above 200°C, containing
mOre than 40% chlorine, and phosphinic acid derivaties. Hydro­
carbons frequently mentioned in this report, and hexachlorobenzene,
2,3,5,6-tetrachloro-p-xylene, and a,~-dichloro-m-xylenecan be
used (Cannelongo, 1971).

Chlorinated paraffins Cereclor 42 ond Cereclor 70 are unea
in high-build marine primers (Bowerman, 1971).

Fire retardants based on polyhalo po1yhydro polycyclic
dicarboxylic acid imides were patented (Cyba, 1971).

TCDD, administered orally to pregnant rats on days 6-15
of gestation, had no effect on foetuses at the 0.03 ~g/kg day level
and foetal mortalities were observed at and above 0.125 ~g/kg day.
Decrease of maternal weight gain started at 0.5 ~g/kg day and a
severe toxicity was evident at 8.0 ~g/kg day (Sparschu et al., 1971).
Hexachlorobenzene is neurotoxic in male rats (Lehotzky et al., 1971).

Current U.S. maximum acceptable levels of PCB in eggs and
ready-to-eat poultry and pork are 0.5 and 5 ppm, respectively IAnon.,
1971a,b).

PCB contaminated fish meal, feed, eggs, and chickens were
very recently found in the U.S.A. Fish meal imported from Peru
contained 6.7-7.3 ppm of PCB. Meat scrap meal at an Illinois plant
contained PCB at 1 ppm. The range of PCB found in totai edible tissue
is 0-5.3 ppm in hens, 0-0.7 ppm in brOilers, and 0-11.8 ppm in
turkeys (Anon., 1971b). It is not clear at the moment how much of
this contamination is caused by industrial accidents (PCB leakage



from heat-transfer systems) and what is the contribution of the
environmental levels of PCB.

The concentration of PCB and chlorinated hydrocarbon
pesticides was determined in a few additional samples and the
results are presented in Table X.

Table X. Additional data on PCB and chlorinated hydrocarbon
pesticides in aquatic animals.

PCB p,p'-DDE
jjg/g jjg/g

Other

Baskin~ shark East?Cn Canad,
Cetorh ¥Mas~$,mus unnerus 0.06 traces

(l1ver) 1.37 "(muscle) 0.07
(l1ver) 0.77

White shark LeoRar~vi11t N.B.
Carchafodo~ carc ar ag Inna~us)

0.64mUs~e around ackbone 0.5Z
( " " pect. fln) O·r 0.4
(l1ver) 21 335 DDT 63,

DDD 43

Bluef1n tuna Ea stern Canada
~~

(muscle) 1.54 0.15

Atl. ribbed mussel Miramichi estuary,
Volsella demissa N.B. 0.09 0.01

Clam Bathurst, N. B. 0.09 traces
!:!m~
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Industrial Chlorinated Hydrocarbons

AP

D

F

FE
FR

HF
HT

T

R

S =

aerosal propellant
dielectric (or gaseous
fumigant
fire extinguisher
flame retardant
hydraulic fluid
heat transfer
intermediate
refrigerant
Solvent

Paraffins

insulator)

ComDound

sym-tetrabromoethane
n-amylchlor ide
l-bromo-2-chloroethane
bromochloromethane
bromoform
bromotrifluoromethane
butylbromide
butylchloride
l,l~-chlorodifluoroethane

chlorodifluoromethane
chloropentafluoroethane
chlorotrifluoromethane
1,2-dibromo-3-chloropropane
dibromofluoromethane
dibromotetrafluoroethane
1,4-dichlorobutane
dichlorodifluoromethane
dichlorofluoromethane
dichloropentane
dichlorotetrafluoroethane
difluoroethane
difluoromethane
dibromoethane

ethyl bromide
ethyl chloride
dichloroethane

Use

S, mineral sepn.
T,S,F, ink vehicle
S
FE
S, geol. assaying
T FE, R
aikylating agent

II ,S
R, S, AP
R, T
R, D, AP
D, R
F
FE
R, FE, HF
T
R, AP, S
R, FE
S, F, paint remover
D, S, R, AP
R
R
lead scavenger in gasoline,
S, F
T, S, F
T, S
T, S, paint remover,
metal degreasing



Paraffins

Compound

2-ethylhexylbrom1de
2-ethylhexylchlor1de
ethyl 10d1de
fluor1nated paraff1ns
chlorinated n
fluoroform
hexabromoethene
hexachloroethane

hexafluoroethene
hexyl brom1de
1soamyl chlor1de
1sodecyl chlor1de
lauryl chlor1de
methyl brom1de
methyl chlor1de
d1bromomethene
d1chloromethene
d110domethene

methyl 10d1de

nonyl brom1de
nonyl chloride
octafluorocyclobutane
octafluoropropane
octyl brom1de
octyl chlor1de
2-octyl 10d1de
pentachloroethane
perchloropentacyclodecane
propyl chlor1de
l,2-d1chloropropane
tetrachlorod1fluoroethene
tetrachloroethane
tetradecyl chlor1de
tetrafluoromethane
1,1,1-tr1chloroethane
1,1,2-tr1chloroethene
tr1chlorofluoromethene
1,2,3-tr1chloropropane

51,

T
T
T
lubr1cant, sealant, HT
plast1c1zers, FR
R, T
T
5, camphor subst1tute,
rubber accelerator
D
T
5, 1nks, F
5, T
T
T, 5, F
T, 5, AP
T, 5
5, F, AP, paint remover
T, sepn. of m1xtures 1n
m1n1ng
T, sepn. of m1xtures 1n
m1n1ng
T
T
D, AP
R, D
T, v1nyl stab111zer
T
T
5, coal sepn.
FR

5, F, lead scavenger
5
5, pa1nt remoVer
T
R
5
5
5, R
pa1nt and varn1sh remover



Compound

allyl bromide
allyl chloride
bromotrifluoroethylene
2-chloro-l,3-butadiene

chlorotrifluoroethylene
l,4-dichloro-2-butene
l,2-dichloroethylene
l,3-dichloropropene
hexachlorobutadiene
hexachlorocyclopentadiene
hexachloropropene
hexafluoropropene
3-chloro-2-methyl-l-propene
octafluoro-2-butene
perchloroethylene
tetrabromoethylene
tetrafluoroethylene
tetraiodoethylene
trichloroethylene
vinyl chloride
vinyl fluor ide
vinylidene chloride
vinylidene fluoride

Aromatics

trichlorotoluene
trifluorotoluene
bromotoluene

dichlorotoluene
fluorotoluene
bromobenzene
o,p-tetrachlorotoluenes
o,m,p-chlorotrifluorotoluenes
2,4-difluorobromobenzene
2,4-dichlorotrifluorotoluene
3,4-dichlorotrifluorotoluene
2,6-dichlorostyrene
2,4-dichlorotoluene
3,4- II

difluorobiphenyl
diphenylmethylbromide
fl uoro benzene
hexachlorobenzene
hexabromobenzene
hexachlorodiphenyl oxide
hexachlorodiphenyl methane

52.

T
T
monomers and polymers
monomer for synthetic
rubber
resins
T
5
T, F
5, liF, HT
T
5, liF, plasticizer

T, F
T
5, HT
T
T
F
5, F, HT
monomer

II

T
T, 5, OF
T, frothing agent,
gasoline gum inhibitor
T
T
5, T
T
T, 0
T
T
T
monomer
T, 5
T, 5
medicine
T
T
fungicide for seed treatment
FR
T, 5
FR



Aromatics

Compound

hexafluorobenzene
I-phenyl-3-chloropropane
pentachlorobiphenyl
pentachlorodiphenyl oxide
pentachlorodiphenyl ketone
pentachloroethylbenzene
pentachlorophenyl benzoate
trichlorobenzenes
tetrabromophthalic anhydride
tetrachlorophthalic acid

II anhydride
xylyl bromides
chlorobenzene
o-dichlorobenzene

p-dichlorobenzene
tetrachlorobenzenes

Trademarks

Aclar
Akwllox
Alkazene
Armalon
Arubren CP

Bandane

Bromofume
Brozone
Carrene

Chlorowax
Clorafin
Cloran

Dalvor
EB5
E-D-Bee
Ex-Tri
Fluorel Brand 2141

FEP

.Fluorolubes

Freon

53.

5, T
T
FR, HT
FR, HT
FE
FE
FR
FR, HT
FE
FR
FR
T
T, 5
5, F, paint and varnish
remover
F, moth repellent
D, impregnants

fluorohalocarbon films
brominated vegetable oils
ethyl phenyl dibromide
TFE fluorocarbon fiber
highly chlorinated
aliphatic hydrocarbons
polychlorodicyclopentadiene
herbicide
dibromoethane soil fumigant
methyl bromide soil fumigant
R, 73.8% dichlorodifluoro­
methane, 26.2% difluoro­
ethane
chlorinated paraffins

It II

bifunctional chlorinated
carboylic acid anhydride
polyvinyl fluoride
ethyl bromide fumigant
ethyl dibromide fumigant
trichloroethylene
Elastomer fluorinated
polymer> 60% F
fluorinated ethylene­
propylene resin
trifluorovinylchloride
polymers, 49% F, 31% Cl
fluorocarbon refrigerants



Genesolv

Genetron
Halon
Halothane

Hi-Tri
Holzon
Isotron
Kaiser
Kel F
Kynar
MBC Fumigant
3M Brand
Nemagon
Niagathal
Paradi
Paradow
Parlon
PVC
PVdC
Teflon
Profume
Pyranol

Santochlor
Santophen-l Germicide
Saran
Sollfume
Telone

Terraclor
Trichlor
Valclene
Vidden D

Viton

54.
Trademarks

solvent, chlorinated methane
and ethane
fluorinated hydrocarbons
TFE polymer
2_bromo_2_chloro_l,l,l_trifluoro_
ethane, anesthetic
trichloroethylene
chlorinated rubber coating
fluorochloro hydrocarbons
chlorofluoro methanes
fluorocarbon products
polyvinylidene fluoride
methyl bromide + chloropicrin
fluorochemicals
l,2-dibromo-3-chloropropane, F
tetrachlorophthalic anhydride
p-dichlorobenzene

"chlorinated rubber
polyvinyl chloride
polyvinyl dichloride
tetrafluoroethylene polymer
methyl bromide
various chlorinated compounds
including PCB
p-dichlorobenzene
o-benzyl-p-chlorophenol
polyvinylidene chloride
sym-dibromoethylene fumigant
l,3-dichloropropene and
similar chlorinated hydrocarbon
fumigants
pentachloronltrobenzene
trichloroethylene
fluorocarbons for dry cleaning
l,3-dichloropropene and
l,2-dichloropropane
copolymer of vinylidene fluoride
and hexafluoro propylene



55.

U.S. production of halogenated hydrocarbons in 1968 (from
United states Tariff Commission, Synthetic Organic Chemicals,
United States Production and Sales, 1968, TC Publication 327,
U.S. Government Printing Office, Washington, 1970).

Halogenated hydrocarbon

Total

Carbon tetrachloride
Chlorinated paraffins
Chlorodifluoromethane
Chloroethane
Chloroform
Chloromethane
Chlorotrifluoromethane
Dichlorodifluoromethane
Ethylene dichloride
Dichloromethane
Dichloropropane
Dichlorotetrafluoroethane
Iodomethane
Tetrachloroethylene
Methylchloroform
Trichloroethylene
Trichlorofluoromethane
Vinyl chloride
All other halogenated hydrocarbons

Produc tion,
1,000 pounds

13,796,111

763,425
57,607
55,010*

573,140
180,795
305,253

144*

325,625
4,798,735

302,631
30 ,400*
17,333*

19
636 ,484
299,406
519,145
204,418

2,968,897
1,860,531
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Fig. 1. UV spectra of pesticide-grade hexanes.
(10% solutions in Fisher spectrograde
hexane, 1 cm cell).

MCa = Matheson Coleman & Bell
F Fisher Scientific Company
M = Mallinckrodt
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Fig. 2. UV spectra of chlorinated naphthalenes,
PCT (Aroclor 5460), and silicic acid
effluent backgrounds,



Aroclor 1254

Fig. 3. Gas chromatograms of commercial
PCB preparations.



Aroclor 1254

Fig. 4. Fractionation of Aroclor 1254 in
the modified cleanup chromatography
of Holden and Marsden.



Chlorinated Naphthalenes

Fraction I Fraction II

Fig. 5. Fractionation of chlorinated
naphthalenes in the modified
cleanup chromatography of Holden
and Marsden.



3.96

Fig. 6. Gas chromatogram of polychlorinated
terphenyls (PeT).
Retention times relative to deca­
chlorobiphenyl.



Fraction I

Fig. 7. PCB in samples of fish. Fraction I of
the modified cleanup chromatography of
Holden and ~~rsden.



Fraction n

Fig. 8. PCB in samples of fish. Fraction II
of the modified cleanup chromatography
of Holden and Marsden.



2 CI

Fig. 9.

3CI
Chlorinoted Dibenzofurans

4 CI

Aroclor 1254

Di-, tri-, and tetrachlorodibenzofuran,
and Aroc1or 1254.
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