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Determination of the level of metabolic products
present in urine has been utilized as an indicator of
type and degree of exposure to chemicals. Two of the
nost widely studied urinary metabolites, namely DD,
the carboxylic acid metabolite of DDT and the para-
ritrophenol metabolite of parathion have been used to
sein lnsight into the degree of exposure to these parent
compounds (LAWS, et al. 1967; ELLIOTT, et al. 19607,

Polychlerinated biphenyls (PCB's) werc first re-
vorted as environmental contaminants in 1966 (JENETI).
The scientific literature now abounds with reports con-
cerning the analysis and toxicology of these highly
steble and persistent materials.

For many years it was generally believed that PCB's
were not metabolized to any appreciable extent by =an-
=alian systems (REYNOLDS, 1969). Howvever, as early as
1959, BLOCK and CORNISE {1959) reported on the conver-
sion of biphenyl and b-chlorobiphenyl to monohy@rociyl-
sted compounds in the rabbit. WEST, et al. (1956€)
isolated pure compounds resulting from the metebolism
o7 biphenyl in the rat. Recently JENSEN, et al. (1974)
decseribed the separation and identification of individ~
uel isomers of PCB's in the technicel material and in
tuman adipose tissue. Based on the percentages of
various isomers stored in adipose tissue, he indicated
that tvwo adjacent unsubstituted carbon atoms were re-
quired for rapid metabolism. This supported the con-
tention of previocus investigators who were working with
chlorobenzenes (JONDORF, et al. 1955). KAISER and WONG
(1974 ) reported that microbial degradation of Aroclor
1242 resulted in non-chlorinated aromatic and aliphetie
products. GRANT and his group (197%) demonstrated that
Aroclor 1254 was metabolized in rats. He noted signi-
ficant differences in GLC peak patterus for the PC3
standard and the PCB which was extracted from.the tis~
sues, Similar-finds were reported for Aroclor 125k by
CURLEY, et al. (1971) using Elecctron Capture-Gas
Chromatography in their examinations of rat tissues and
urine. No metabolites were imclated or fidentifiegd.
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This paper reports on metabolic products observed
in rat urine, through Coulson Conductivity-Gas Chroma-
tography (CC-GC) and combined Gas Chromatography-Mass
Spectrometry (GC-MS) analyses, following a prolonged
diet of Aroclor 1016 or Aroélor 12h2.

EXPERIMENTAL

Arcclor 1016 and 1242 were of electrical grade,
lot No. %B-06-756 and KB-05-415, respectively. They
were supplied by Monsanto Chemical Company, St Louis,
Missouri. The Aroclors were fed in parallel experi=-
ments %o rale Sherman strain rats, 61 to 73 days old at
a dietary level of 100 ppm each. Twenty-four hour
urine was collected from four experimental rats fed
Aroclor 1242 or Aroclor 1016 and one control under the
following schedule: 2 veeks after onset of the exper-
iment; cne and 2 months after onset of experiment; &,
6, B ard 10 monthe after onset of experiment. After 6
months on the diet, some rats were allowed to recover
by remcval of PCB diet, for time periods of 2, 4 and 6
months. Urine vas collected at these intervals. A
more detailed accounting of the experimental protocol
can be found in another publicaticn (BURSE, et al.
1974). The amount of Aroclor 1242 consumed ranged from
6.6 mg/kg bodyweight/day to 3.89 mg/kg bodywveight/day
while Aroclor 1016 ranged from 6.9 - 3.5 mg/kg body-
weight/day.

The twenty-four hour urine samples were combinegd
from four rats in each experimental group. Total
urine volure ranged from 40 to 80 ml. The urine wvas
refluxez in an equal volume of concentrated HCl for
three hours and extracted 3 times with 50 ml of benzene.
The berzene extract vas washed with 20 ml of 5% NaOK¥/v
followed by 20 ml water. The agqueous phases were con-
bined ard acidified with 20 ml of 1.2 N HCl. The
acidic ejueous phase was extracted 3 times with 10 ml
of benzene and dried over sodium sulfate. To each
sample was added diazomethane (STANLEY, 1966). Each
sarple in a volume of 0.5 ml was eluted from a micro
column ccntaining 3% ¥/w deactivated silica gel using
10 ml of a 1:1 benzene: hexane mixture,.

A Microtek-2000 gas chromatograph, equipped with
a Coulson Conductivity Detector was used for prelimi-
nary screening for halogen in the sample extracts.
Pyrex glass columns (1.83m X Lmm i.d.), packed with
5% OV-210 on 80/100 mesh ‘Supelccport, and 3% OV-1 on
70/80 nesh Chromosorb G were operated at 1657 and 170°
respectively.

sited urine sample extracts were adjusted to
h pesticide grade hexane. Eight miecroliters
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were injected into a Hewlett Packard 5700 A gao chro-
ratograph containing a 1.22r x 2mm 3.4, stsinless stecel
colunn packed with 3% OV-2 on 80/100 mesh Cas Chrom Q.
The inritiml column temperature vas 150°, and the oven
was programmed at 2°/min. to 210°. The injection port,
transfer line and silicone nembrane separator were lLept
at 200°, 220°, and 200° respectively. Helium fiow rate
past the membrane was 32 ml/min. Compounds transmittec
through the membrane separator entered the ivn source
of u Hewlett Packard 5930A dodecapole mass spectrometer
Paraneters of the mass spectrometer were as follows:
ion source, 200Y; mase filter, 1109; electron impact
source at 70 eV; filament emission current, 250p amps;
target current, 2204 amps, scan rate 100 amu/sec from
45 - 450 amu, Ions were detected with a Bendix Con-
tinuous Dynode Electron Multiplier. Data were mcquiregd,
stored and plotted using the Hewlett Packard 5932A Dats
System.

RESULTS AND DISCUSSION

Recently HUTZINGER and co-workers (1972) demon-
strated the metabolism of pure chlorobiphenyl isomers
in pigeons and rats. The b-chloro-, 4,k'-dichloro-,
and 2,2',5,5'-tetrachlorobiphenyl isomers were metabo~
lized to monohydroxy compounds. A dihydroxy monochloro
metabolite was also reported. GARDNER, et al. (1973}
fed 2,5,2',5'-tetrachlorobiphenyl to rabbits and iden-
tified 3-hydroxy-2,5,2',5'-tetrachlorobiphenyl, Uu-
hydrory-2,5,2',5'-tetrachlorobiphenyl and trans-3,4-
4inydro-3,h-dihydroxy-2,5,2',5~-tetrachlorobiphenyl in
urine samples.

In this study vwe hauve identified at least six hy-
droxylated biphenyl metabolites (Table I). Five of
these compounds were found in both treatment groups.
Of the three dihydroxylated metabolites, two were pre-
viously unreported. These compounds, s diechlorodihy- of pos
drexy end & trichlorodihydroxy biphenyl, were found in precly

both groups of animals. The only significant difference Howeve
noted between the two treatment groups was the absence identi
of & tetrachlorodihydroxy biphenyl in Aroclor 12h2. phenyl
fragre
Significent quantities of hydroxylated chloroben- ftaomer
zenes vere found in the uripne extracts of both treat- sent i
ment groups (Table II). The source of these metabolites chroma
has not been determined bdut there is reason to suspect
that they may have arisen from hexachlorobenzene which Ar
vas found in the adipose tissue samples of the experi- cbserve

mentul animals. obtaine
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TABLE T

PCB Metabolites Found in Urine of Rats
\ Fed Aroclor 1016 or Aroclor 1242 (as
Methyl Ether Derivatives)

Aroclor Aroclcr
Composition Molecular Ion (M%) 1016

12k2
C12H7C150CH, 252 yes yes
C12HgC12(0CH ), 282 ves ves
C12HgC130CHS 286 yes yes
C12H5013(0CH3)2 316 yes yes
C12H5C1)0CH 320 yeo yes
C1pHyC1y (0CH4 ), 350 yes no
TABLE II

Phenolic Metabolites Found in Urine of

Rats Fed Aroclor 1016 or Arcclor 122

(as Methyl Ether Derivatives)

Composition Molecular Ion (i*}
CEC150CHS 278
CgHC1Y0CH, H)

CgCly, (0CHq) o 274

Quantitative estimation and exact ident{fication
of positional isomers of the chbserved metabolites was
rrecluded because of the leck of authentic standards.
kcwever, GARDNER, et al. (1973) established positional
identity for a specific tetrachlorohydroxylated bi-
phenyl. By enalogy, based on CLC retention and MS
fragmentation data, it appears that more than one
igomer of some of the hydroxylated biphenyls were pre-
sent in these samples. Total ion current reconstructed
chromatogramas are presented in Figures 1 and 2.

Assignment of the molecular formulae of the

cbserved metabolites was based on numerous mass spectra
obtained during GLC separation for each component. In
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Figure 1. Reconstructed chromato~
grams of urine extracts from rats
fed a diet of Arocler 12k2, 3%
OV-1 column programed from 1500
to 210° at 2° per minute.
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Figure 2. Reconstructed chromatograms
of urine extracts from reats fed & diet
of Arcclor 1016. 3% 0V-1 coluzn pro-
gramed from 150° tc 210° at 2¢C per

minute.
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Figure 3. Mass spectrum of & methylated di-
hydroxytetrachlorobdiphenyl {(4*2350) metabo-
l1ite found in urine of rats fed a diet of
Aroclor 1016.

a fev instances, overlap of twc c¢r more components
yielded spectra with more than cne molecular ion.

The structural assignment of the methoxy deriva-
tives of polychlorinated biphenyls rests upon the
following: (1) The presence of intense molecular ions
of the correct masses, {2) The ccrrect chlorine "iso-
tope clusters”, to establish the nunber of chlorine
substituents and (3) rational fregrents, yielding the
correct mass ions and appropriate chlorine "i{sotope
clusters" for the fragments.

Figure 3 illustrates the typical features of the
mass spectra of the methylated ether derivatives of
the phenolic PCB metabolites. The intense molecular
ion at m/e 350 and four chlorine "isotope cluster”
are consistent with the assigned cozposition of a
dimethoxytetrachlorobipheayl, C,:4;50,Cl). Loss of
methyl radical leads to the fragrert at 335 amu con~
toining four chlorines. Loss of rethyl radical and
of carvon monoxide from the aromatiec ring, produces
the largest fragment of M*-43 with fcur chlorines at
307 &mu. The loss of methyl radicel and extrusion of
cartcen nmonoxide from aromatic rings is well documented
for methoxy and dimethoxy arometic ethers (BUDZIKLIEWICZ,
et al. 1967).
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SUMMARY

Sceveral mono- and dihydroxy metabolites of di-,
tri, and tetrachlorobiphenyl have been identified in
the urine of rats fed prolonged diets of Aroclor 1016
or hroclor 12k2. Combined gas chromatography-mass
spectrometry was used for characterization of the
metabolic products.
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