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SUMMARY

An analytical procedure for Aroclor 5460,
a chlorinated terphenyl, is described. Cod fed Aroclor
5460 deposited this material in various tissues.
Absorptive and excretory efficiency seemed poor. Some
selectivity in absorption, deposition or excretion of
Aroclor 5460 was observed.

INTRODUCTION

Chlorinated terphenyls (designated the Aroclor
5400 series) are available from their manufacturer for
various industrial applications (1). So far as we are
aware, no information about the analysis of these
materials or their persistence in the environment has
been reported. Some recent reports (2-4) have suggested
that Aroclor 5460, a chlorinated terphenyl containing
60% C1 may exert some effect on metabolic processes.
This paper describes the analysis of Aroclor 5460 and
its retention by cod (Gadus morhua) after feeding.

EXPERIMENTAL

Analysis of Aroclor 5460

Aroclor 5460 was extracted from cod tissue by
homogenising with n-hexane (Fisher Scientific, redistil-
led from glass). A suitable amount of tissue (except
blood, see below) (1-10 g depending on lipid content)
was homogenised at high speed for 2 mins in a stainless
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steel apparatus (Sorvall "Omnimixer") fitted with
teflon gaskets and cooled in ice. The homogenate was
filtered (through hexane-washed Whatman #41 paper)
and allowed to separate, if necessary, into agqueous
and organic phases. The hexane layer was recovered,
dried over anhydrous Na,SO, and made to volume. An
aliguot was evaporated to dryness under N, for
gravimetric lipid determination.

Blood samples were extracted with chloroform-
methanol by the method of Plack et al . (5) since
attempts to extract blood with hexane generated
unbreakable emulsions. The chloroform-methanol phase
was reduced to dryness by rotary evaporation, redis-
solved in hexane, and filtered if necessary to obtain
a clear hexane phase.

An aliquot of the hexane phase containing
<0.5 g lipid was reduced to 5 ml approx. by rotary
evaporation. This was applied to a 15 x 2 (i.d.) cm
column consisting of 25 g Florisil (60-100 mesh, Fisher
Scientific) activated overnight at 110°C, cooled over
on in a desiccator, slurried in n-hexane and topped
with a few mm of anhydrous Na,S0,. Elution with 200
ml n-hexane brought off Aroclor 5460, PCBs and some
pp'-DDE. The eluate was reduced to a known volume
(generally 1-10 ml) by rotary evaporatiocn prior to GLC.

Aroclor 5460 was estimated by GLC usin% a
Hewlett-Packard 5750 instrument fitted with a ®°3Ni
pulsed electron capture detector. Conditions were as
follows:

Column: 6' x %" (i.d.) coiled glass, packed
with 3% Dexsil 300 on 100-120 mesh
Gas-chrom Q, operated at 310°C.

Carrier gas: 10% methane in argon, 40 ml/min.
Detector: temp, 325°C; 150 usec pulse interval
Injection temp: 320°C.

Runs were recorded on a Moseley 7127 stripchart recorder
fitted with a Disc Instruments, Inc., integrator.
Injections were made with Hamilton #701lN syringes.

Under these conditions, Aroclor 5460 eluted in 20 min
(Fig. la).

Graphs of total area under curve v. load were
linear in the load range 7-56 ng. Minimum level of
detectability was approx. 2.5 ng.

The estimation of Aroclor 5460 by fluorescence
spectroscopy and by TLC was briefly investigated.
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Fluorescence spectra in n-hexane, recorded in a Perkin-
Elmer MPF-2A instrument, showed an emission maximum

at 330 nm (excitation at 255 nm). Minimum detectable
concentrations were of the order of 0.5 ppm. However,
these emission peaks were masked by other emissions in
hexane extracts of cod tissue cleaned up on Florisil,
and so the procedure was not used 1in the present study.
In any case, emission spectra of Aroclor 5460 were
similar to those of PCBs (6) and so differentiation of
the two groups would have been difficult.

TLC of Aroclor 5460 was carried out on silica
gel G plates activated at 130°C for 2 hr and developed
in n-hexane or mn-heptane. Spots were viewed in UV
light after silver nitrate spraying (7). Aroclor 5460
ran just behind pp'-DDE (Rg. Aroclor 5460 0.45; Re.
pp '-DDE, 0.5) and could be detected at levels of down
to approx. 1 ug. In view of the relatively poor
sensitivity (and selectivity) of this procedure 1t was
not adopted for the present analyses.

Feeding experiments

Two experiments were carried out in which
Aroclor 5460 was fed to cod of commercial size (approx.
1-2 kg). In both experiments, cod were kept in groups
of four in 60 gallon tanks, through which seawater at
approx. 1°C flowed at 1 gall/min.

In Experiment 1, 2 ml of a herring oil,
containing 1 g of Aroclor 5460 (prepared by mixing
appropriate amounts of Aroclor dissolved in hexane and
herring oil, and removing solvent by rotary evaporation),
were fed to each of four mature cod which had been
starved for two weeks up to this point. The oil was
deposited by pipette in the stomach of the fish. Four
control fish were fed 2 ml herring oll similarly. After
one week during which they were starved, all fish were
killed by free bleeding from the tail. Blood was
collected in heparinised beakers and other tissues
were removed by dissection. Gut contents were squeezed
out into a beaker; and gut tissue was rinsed in running
water to remove remaining traces of gut contents.

Other tissues were rinsed briefly in running water to
remove any blood present. Analyses for Aroclor 5460
and 1lipid were carried out as described above.

In Experiment 2, eight mature cod (starved two
weeks) were fed 2 ml of a herring oll solution
containing 1 g Aroclor 5460, as described above. The
fish were kept 70 days and were fed chunks of herring
every two or three days after an initial 7 day period
of starvation. At the end of 70 days, the four
surviving fish (four others having died or been killed
at intervals in between) were killed and analysed.

54



P2912239p 30U = (N

215°0%22¢° 0 SZ00°0 $900°0 £9°0 S0°1
$3UL3u0d YdSBWO3ls pue SIUdIUOD [BUIISIIUT utl (3) o9ps Iordoly
SZ8%£9ZT v 0p78°6¢ 008 96 LS 8°1T ¥zZ0Z S'1I¥ 0681  ¥°96
9L1%L2Z  L8°0%5S6°0 9zv  €1°¢ 6°vS ZZ°0 £€T  9¢°0 yIE  0T1°T
Z0STLFTIO0LZY L827261 09ST 8°¢ S8ET  9°¢ 69Z6¥T 219 06581 Syl
8°TT+S"¥T 80T°0¥8Z°0  6°9T 6Z°0 2°08  Zv'o Z20°§ A 86§ LT°0
vOT+#8°26 ZL'0FZ0°T €°9 79°0 60T 90 €€ 1°2 627 SL'O
£SZFI0Z  79°S380°9 1°29 9°¢ 2°16 1'¢ 08s S°¥I v 0L 1'¢
80T+SO0T  ZI'T%L0°2 0ZT  vzzs 0°€T  €v°1 1§52 9472 0°S¢  ¥8°0
L2Z3812 9.°€%6°2 $6T  #9°1 2°89 98°0 8vs S8 6°59 9°0
ZSTFZET  99°1%2L°2 85S¢ SIS L 6L 8Z°2 $°29 0°2 9L SP°1
YE6%V0L  88°¥FZS°S 1Lz A ~aN «aN 0Ly 6L SL02 0°11
9°8T¥7°ST  €6°0%6T'T 9'¢ 9¢°0 €11 L1 ARA R Y A¥/ A4 Sv°0
8°LFL°SZ  €0°0%TIT°0 6°SS  $I°0 €Lz 10 z°1z 110 Z°8T  90°0
98T%SET ¢ 0TFSL°9T  6°91 vzt 60v 6°1¢ 1°22 AR 7°26 £°8
prdr onsst3  prdryr ansst3  prdrr onsst3  prdry enssti  prdil onssi3
/09%S /09%vS  /09vS  /09vS  /09¥S  /09vS  /09vS  /09vS  /09¥S  /09¥S
W d W 4
as 7 uesp 00.°T 79¢°1 SI8°T $29°0
a o) g v
ystd

Iord0o1y pay poo ut (ptdrr §/8d) prdil 9nssil ur
vcmoﬂw:wﬂoz 3am 8/8n) ansstl ur Q9p§ JIOTI01Y JO STIAI]

1 °Iqel

©D9BD DIIOTL{
yoeuwolg
sutrlsajug
speuoy

31eay

Aaupty
uaatrds

T119

19ppeIq 11®)D
poold

utreag

ar1osny

I9ATT

Xas
(3%) M

55



RESULTS & DISCUSSION

Recovery experiments with Arocclor 5460 showed
that extraction efficiency (from cod liver and muscle
samples spiked by injection with acetone solutions of
Aroclor 5460) was better than 90%. Recovery from
Florisil columns was in the range 95-105%. The figures
in the following tables are not corrected for the small
losses in extraction efficiency. It should be
emphasized, however, that injection of Aroclor 5460 in
acetone solution into a tissue does not necessarily
simulate its distribution in tissue after deposition
from feeding. Extraction efficiencies from experi-
mental samples may therefore be below 90%, and so
subsequent figures should be regarded as minimal. No
recovery experiments were carried out on blood
extraction methods.

The results from Experiment 1 are shown in
Table 1. Aroclor 5460 was found in all tissues of
those fish fed the material, except for one blood
sample. No Aroclor 5460 was found in any tissues of
control fish, and for sake of clarity analyses of
controls are omitted from Table 1. Typical chromato-
grams of liver extracts from Aroclor fed and control
fish are shown in Figs. 1b and lc, respectively.

The amounts of Aroclor 5460 remaining in gut
contents one week after feeding varied widely. Most
of it was probably in the intestine, as no oil was
observed in the stomach. High levels of Aroclor 5460
were found in pyloric caecal and intestinal tissue;
these may have been due to contamination by unabsorbed
material not effectively rinsed out after dissection,
or, in the case of intestinal tissue, to incomplete
absorption through the intestinal wall. Absorption
efficiency seemed highly variable with, in one case
(Fish A), approximately all the fed Aroclor 5460
apparently remaining in the gut. Even in the two fish

which had low gut content Arocclor 5460 levels, (C and D)
absorption efficiency (or retention) appeared low, as
in each fish a total of 1-10 mg Aroclor 5460 was
calculated to be distributed through all tissues out

of 1 g fed. Catabolic and/or excretory efficiency

may have been high in these fish — and the presence

of Aroclor 5460 in the gall bladders suggests that some
excretion did take place — but in view of the expected
metabolic inertia of chlorinated terphenyls (by analogy
with PCBs: eg. 8) this seems a less likely explanation
of low tissue levels than poor absorption.

Aroclor 5460 levels varied widely between
different fish probably as a result of (among other
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RECORDER RESPONSE ———>
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FiG. 1A

FIG. 1B

\

FIG. iC

TIME ———>

Fig. 1 Chromatograms of Aroclor 5460 run under conditions
described in text. Fig. la, standard Aroclor 5460;
1b, hexane extract (cleaned up on Florisil) of liver
from cod fed Aroclor 5460; lc, hexane extract
(cleaned up on Florisil) of liver from control cod,
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factors) inefficient absorption. It is therefore
difficult to draw any but the most general conclusions
from these results. It is clear, however, that Aroclor
5460 was distributed widely throughout the fish,

being found in all tissues analysed, and was presumably
transported via the bloodstream. It is perhaps worth
noting that it was found to enter brain and gonadal
tissue. In one batch of sperm, taken from a mature
male fish, a level of 0.085 ug/g wet tissue (4.45 ug/g
lipid) was observed. Liver was the organ richest in
Aroclor 5460, and probably contained the bulk of the
absorbed material.

Comparison of chromatcgrams of Aroclor 5460
extracts from cod tissue with standard Aroclor 5460
runs showed some differences in peak intensities
(Figs. la, 1b). In general, the cod tissues contained
more of the earlier peaks (probably lower MW and lower
chlorirne content since Dexsil behaves as a typical
apolar stationary phase: 9) and fewer of the later
peaks than did the standard. This would imply either
some selective absorption and deposition of earlier
peaks or selective catabolism and excretion of later
peaks: of the two possibilities, the former seems more
likely. Analogous results have been noted in the
feeding of PCBs (10).

Aroclor 5460 is readily fat soluble, and is
probably deposited in fat analogously to other
chlorinated hydrocarbons. Levels expressed as
concentrations in fat were widely spread; blood
contained the highest levels of Aroclor 5460/1ipid and
muscle the lowest. These differences may reflect
variations in the rates at which tissue lipids are
turned over; thus, muscle lipid is believed to be
essentially structural (11) and might not be expected
to be metabolised particularly rapidly.

The results of the second experiment are shown
in Table 2. It is clear that after a period of 70
days following feeding of Arocclor 5460, appreciable
amounts remained in tissues. Excretory efficiency
therefore seems poor. Mean levels were considerably
lower than those in Expt. 1, but variance was such
that reduction in Aroclor 5460 levels was often not
significant (Student's t test) over this period.
However, Aroclor 5460 levels in liver (ug/g tissue and
ug/g lipid) were significantly lower (P<0.05) than
comparable data for Expt. 1. The reduction in blood
levels may be attributable to cessatlion of absorption
of Aroclor 5460 through the gut 70 days after feeding
and to partitioning of Aroclor 5460 into other
tissue. The reduction in liver levels (ug/g tissue)
may be influenced by the fact that liver 1lipid levels
were considerably, though not significantly, reduced
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in Expt. 2. An overall reduction in liver lipid
might be expected to result in some mobilisation of
Aroclor 5460 from liver tissue and possibly in its
excretion from the fish.

Of the eight fish which were started in Expt.
2 three died (at intervals of 13, 22, 35 days) and a
fourth fish was killed at 35 days. It is not clear
whether these deaths were directly attributable to
Aroclor 5460 feeding. There were, however, no
obvious differences in appearances in internal organs
of the dead fish as compared to the one fish killed
at 35 days, or to other fish in our experience.
Nec controls were run, as the experiment was designed
to investigate the possible disappearance of Aroclor
5460 after feeding rather than the possible toxicity
of the material.
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