-gas-liquid chromatography. In the fish removed within 24
hr of treatmont; endothall concentration in the flesh
yanged from 0.02 to 0.1 ppro.

After 30-min exposure to water containing 2 ppm of
14Clendothall, C-labeled residues (expressed as endo-
thall) ranging from 0.02 to 0.04 ppm were detecled in the
blood. After 60 min, the concentration of 1“C in the blood
increased up to 0.08 ppm. Longer exposure up to 4 hr did
n(:‘to;igniﬁcnnlly increase the level of radioactivity in the
!

The concentration of C in the various tissues, 48 hr
after the fish were fed {'“Clendothall through the digestive
tract, is shown in Table 1I1. The results show that the her-
bicide {a absorbed by the intestinal tract though the fish
were observed to elimi 73% of the administered herbi-
cide during this period. In the fish fed 14C.labeled herbi-
cide through the digestive tract, like the bath-exposed fish,
the concentration of radioactivity was highest in the viscera
and lowest in the flesh. The patiern of distribution of ra-
dioactivity in the various tissues in the feed-exposed fish
was similar 1o that observed for the bath-exposed fish, with
the exception that the scales had a relatively lower propor-
tion of the total radioactivity.

Thess findings have demonstrated that bluegills absorb
endothall directly from water as well as through the intesti-
nal tract. Adsorption of endothall on the scales also con-
tributes to the herbicide residues in the fish. This is sup-

MBANANISM UF LALUAUDIF AL 1L M I ADULIOSM

ported by the observation that the proportion of 1C in the
scales decreased when the fish were fed endothal) through
the digestive tract.

Thin-layer chromatographic analysis of the methanol ax-
tract from the fish treated with the herbicide for 48 hr
showed that all the !4C in the alcohol extractable fraction
was present in the form of unchanged endothall (R, 0.48
and 0.75 on silica gel and cellulose plates, respectively).
The 'C in the extract co-chromatographed with authentic
[14Clendothall. In contrast to aquatic microorganisms
which were found to readily degrade endothall (Sikka and
Saxena, 1973), bluegills do not appear to be capable of me-
tabolizing the herbicide. )
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The Mechanism of Chlorobiphenyl Metabolism

Stephen Safe,* Otto Hutzinger, and Dan Jones

4-Chlorobiphenyl was ad d to rabbits and
the major urinary metabolites were identified as
4'-chloro-4-biphenylol and 4’-chloro.3 4-biphenyl-
diol. It was also shown that 4’-chloro-4-biphenylol
was also converted into the diol as well as its mo-
nomethyl derivatives. The biohydroxylation path-
way was further investigated using 4'-[?H]-4-chlo-
robipheny! as a substrate. The 4’-chloro-4-biphen-

an arene oxide in the first hydroxylation reaction.
The diol metabolite retained ca. one-half the deu-
terium found in the phenol (39%) and it is there-
fore not formed directly from the arene oxide but
by direct hydroxylation of the phenoli by

lite. The sequence of hydroxylation of chlorobi-
phenyl is, therefore, analogous to the stepwise hy-
d lation of phenylal to give 3,4-dihydrox-

yla
' 1al

ylol metabolite retsined 79% of the deut, and
the results are consistent with the intermediacy of

y and but to give 6.7-dihy-
droxybutamoxane.

Polychlorinated biphenyls (PCB) are industrial com-
pounds which are now recognized as among the most wide-
spread pollutants in the globa} ecosystem (Hutzinger et al.,
1974b; Risebrough et al,, 1968; Fishbein, 1973). Residues
have been identified in both the terresirial and aguatic en-
vironments (Koeman et al., 1969; Harvey et al,, 1974; Jen-
sen et al., 1069; Hom et al., 1974) as well as in animals
(Bagley et al., 1970; Butler, 1973; Prestt et al., 1970) and
humans (Biros et al., 1870; Jamieson et al., 1973). Recent
work has shown that both commercial PCB mixtures and
pure i ic chlorobiphenyls ar: tabolized by animals
(Hutzinger et al., 1972, 1974a; Safe et al., 1974, 1975a,b;
Burse et al., 1974; Greb et al,, 1973; Yoshimura and Yamo-
moto, 1973; Block and Cornish, 1969; Goto et al., 1974;

Department of Chemistry (5.S.) and Department of Bio-
medical Sciences (D.J.), University of Guelph, Guelph, On-
tario, Canada, and the Department of Environmental
Chemistry, University of Amsterdam, Nieuwe Achter-
gracht 186, Amstordam, The Netheriands (O.H.).

Gardner et al., 1973), plants (Moza et al, 1973, 1974}, and
microorganisms (Wallnofer et al., 1973; Ahmed and Focht,
1873; Maas et al., 1975) to give a range of hydroxylated me-
tabolites. The major rabbit urinary metabolites of
2,2',5,6'-tetrachlorobiphenyl were 2,2’,5,5'-tetrachloro-3-
biphenylol, 2,2',5,5'-tetrachloro-4-biphenylol, and trans-
3,4-dihydro-2,2',6,6'-tetrachloro-3,4-biphenyldiol and these
all can conceivably be formed from the 3,4-epoxy interme-
diate. NIH rearrangement (Jerina, 1974; Jerina and Daly,
1974; Daly et al., 1972) of this intermediate (i.e., trans-3,4-
dihydro-2,2',5,5'-tetrachloro-3,4-epoxybiphenyl) could
yield the two phenolic metabolites and hydrolysis of the
epoxide would yield the dihydrodiol product. The experi-
ments described in this paper are concerned with the
mechanism of PCB hydroxylation in the rabbit using 4-
chiorobiphenyl, 4’-chloro-4-biphenylol, and 4’-|2H|-4-chlo-
robiphenyl as model substrates.

MATERIALS AND METHODS

Chlorobiphenyl Substrates. 4’.Chloro-4-biphenylol
was synthesized as described (Savoy and Abernethy, 1942).

J. Agric, Food Chem,, Vol. 23, No. 5, 1875 851
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Table 1. Identification and Recovery of the Rabbit Urinary Metabolites of
4-Chlorobiphenyl and ¢’-Chloro-4-biphenylol

i
N Substrate®
u 4 -
o~ 4-Chlorobiphenyl 4'-Chioro~4 -biphenylol
w8 NMR data for the
W Compd (M°)* Free, mg Bound, mg Free, mg Bound, mg metabolites, 8, ppm
By 4’-Chloro~4 -biphenylol (m/e 204) 80.4 15.0 72.8 12.8 7.55(d,J = 8.2 Hz), T.48(s,
J= 8.2 Hz), 1.42(d,J =
8.2 Hz), 1.18(d, J = 8.2
Rz}
4’-Chloro-3 -methoxy -4 -biphenylol® 13.2 3.0 8.0-7.0(m), 3.94 (s), 3.91 (s}
4'-Chloro-4 -methoxy -3 -biphenylol
{m/e 234)
4’~Chloro-3,4 -biphenyldiol (m/e 10.5 1.5 45.6 7.5 7.43(d,J = 8.2 Hz), 7.37(d,
220) J = 8.2 Hz), 1.08(d, J =

1.9 0z), 7.01(q, J = 8.2,
1.9 Hz), 6.93(d, v = 8.2
Rz)

«M+* = moleculat jon. » The two methoxy isomers could not be separated by TLC and were analyzed by ges-liquid chromatography
(GLC) as described (Safe ot al., 1975b); the relative percentages of the methoxy isomers wers determined by the GLC peak srese and the
values given in the Lable wers c-lcuhled from the yield of dio! obtained after demethylation of the mixture. ¢ The figures given are based on
mlli[uml of compound recovered from the uzine of s single rabbit; each rabbit (average wt, 6 kg) was given 300 mg of substrate by intrs-

in a vegetable oil solution.

4-Chloro-4’-iodobiphonyl (1.0 £ prepared from the corre-
1) was dissolved in dry

hu;hydrofunn (28 ml) and lithi

RESULTS
A summary of the major rabbit urinery metabolites of 4-
v

(0.20 g) was carefully added. The mixture was then re-
fluxed for 8 hr, cooled, and quenched by the sddltmn of
deutsrium oxide (6 ml). The products were isolated with

i and 4’-chloro-4-bi ) is given in Table
L The former substrate was converted into two metabo-
lites, 4’-chloro-4'b1phonylol and 4’-chloro-3 A-bnphonyldml,

ether extrection and purified by preparative thin-layer
chromatography (TLC). The major product was 4'- [’H]-4-
chlorobiphenyl (0.280 g, 85% purity by mass sp

4’-chl lized to give 4'-chioro-
34- bxphenyldlol as the mo]or and smaller
ol’ l mlxtura of 4’-chloro'3 methoxy-4-bnphenylol and 4'-

Y.
and some 4, 4’ |’H1]b|phonyl (0.05 g) was also isolated. Un-
labaled 4 was ob d from
sources (Eastman) and used directly as a metabolic -ub-
strate.

Animal Feeding Experi ts. The
-ub-mu (300 m;) was dluolved in vegetable oil (5-10 ml)

and y to a male rabbit (ca. 5
k¢) which was housed ina meuhol{c cage. Urine and feces
were collected for 10 days after sdministration of the xeno-
bdiotic.

Extraction and Apalysis. The urine samples were acid-
ified to pH 4-5 with the addition of glacial acetic acid and
extracted with ether.to give the free metabolite extract.
The urine samples were then carefully acidified with con-
centrated sulfuric acid to give a 2 N sulfuric acid solution
which was then heated on a steam bath for 2 hr. The solu-
tion was cooled and then extracted with ether to give the
bound metabolite extract.

The 4-chlorobipheny! and 4'-{*H}-4-chlorobipheny! me-
tabolites were isolated by preparative TLC u demibod
(Safe et al., 1975b) and the 4’-chioro-4-biph

hlarohinh 1

ylol. The latter two compounds
could not be lepuuted by TLC; however, the NMR spec-
trum of this fraction gave two mothoxyl signals at & 3.94
and 3.91 ppra. Treatment of the mixture with boron mbm-
mide in methylene chloride gave 4'-chloro-3,4-biph
as the sole product. These metabolism ruult.e with 4-chlo-
roblghenyl and 4’-chloro-4-biphenylot were similar to those

d from the metabolism of these in the rat
(S.fo et ll 1974 Safe st al., 1975a).
of 4/- (’H 4-chl 1 also gave 4'-

chloro-4 biphenyiol and 4’-chloro-3,4- b»phenyldnol 8 me-
tabolites and these were ined by mass P

The phenol gave molecular ion species at m/e 206 md 204
and 79% of the deuterium was retained in this metabolite.
Examination of the NMR spectrum :howed '.)ut lhe signal
at 7.18 ppm was diminished in its d and
confirmed the shift of the 4-2H ltom to the 3 posmon Th-
Tnass sp of the 4’-chl

from this experiment gave moleculnr ion peaka at m/c 221
and 220 and 39% of the deuterium was retained in this me-
tabolite. The mass spectral data were obtained using the

lites were nho obtained by TLC (Safe et al., 1976a). The
cmde hydroxy fractions were puri ified via their acetate de-
: tives and the corr g hydroxylated metabolites
were vbumed by subsequent basic hydrolyses of the ace-
tates. Demethylations were carried out by treatment of the
metabolite with boron tribromide (0.1 ml) in methylene
chioride (2 m)) for 8 hr at 26°. The solution was diluted
with water (15 ml) and methylene chlonde (20 ml). The de-
methylation } was then ob d by evaporation of
the dried methylene chloride extract.
Spectroscopic Methods. Mass spectra were obtained on
a Varian MAT CH-7 spectrometer and nuclear magnetic
resonance (NMR) spectra were recorded on a Varian
HR220 spectrometer using deuteriochloroform as solvent.

852 J. Agric. Food Cham. Vnl 23 Nn & 1078

tabolites isolated from the fres urine extract. Treatment
of the deuterated chlorobiphenyls with 2 N sulfuric acid re-
sults in some H-2H exchangs and for this reason the mass
spectral data for the metabolites isclated from the bound

fraction were not used for cal of the *H
DISCUSSION MONS 081532
‘The resulta tor the met ot 4-chlorabi

phenyl and 4’-chloro-4-biphenylo! in the rabbit were simi-
Jar to the experiments already described for rate (Sefe ot
al., 1974, 1875a). In addition, the metabolism of a series of
chloroblphenyll mcludmg 2, 3 dnchlorobuphanyl 2,4,6-tri-

yl, 2,3,5,8-tet phenyl, and 2,3,4,5,6-
pnntachlomblphenyl also gave the corresponding phenals,




catachola, and methoxyphenols as the major metabolites
(Gow et al.,, 1974). It is conceivable that the formation of
these produtts’'could occur via an arene oxide which on re-
srrangement would give the phtnol and on hydrolysis fol-
lowed by dshydrogenation would give Lhe catechol (Daly et
al, 1972). The methoxyphenols could then be formed by
mathylnbon of tho catechole, The ion of 4’-chi
4-biphenylol into the iol p ts a second
allomlhvo pathway for the formation of this metabolite,
Analysis of the two urinary metabolites of 4'-|?H}-4-chloro-
biphenyl cloarly resolves this problem. The mass spectrum
of 4 chloro-‘-blphenylol lhowu that 79% of the deuterium
is il in the metabolite and this is H with an
arene olldo murmeduu in which the hydrogen has mi-
grated from the site of hydroxylation to a neighboring car-
bon atom {the NIH shift). This result is supported by the
NMR spectrum of the metabolite in which the signal at
7.18 ppm is of diminished intensity due to the p of
deuterium, The NIH shift has also previously been re-
for the oxidation of b\phmyl to |ive blphenylol

(Daly at al., 1968) and 4.1 p 1 to give 4'-f1
biphenyle! (Dnly et al,, 1969).

The mass spectrum ‘of the 4’-chloro-3, ,4-biphenyldiol me-
tabolite gave molecular ions at m/e 220 and 221 and 39% of

MECHANISM OF CHLOROBIPHENYL METABOLISM

ley, G. E., Relchcl W. L., Cromartie, E., J. Assoc. Off. Anal.
Bléhem 53 751 (1970), 1
Biros, F. J., Walker, A. C., Medbury, A., Bull. Environ. Contam.
Toxicol. §, 317 (1970,
Block, W. D., Cornish, H. H,, J. Biol. Chem. 234, 3301 (1959),
Burse, V. W, Kimbrough, R, D, Villanueva, E. C. Jenning, R. W.,
ﬁl;l::)r, R. E Sovocool, G. W Arch, Environ. Health 29, 301
Buﬂer,P A., Pestic, Monit. J. 8, 238()073) X
, J., Jeting, D., Farneworth, J , Guroff, G.," Arch. Biochem.
wphy: 131,238 (196 ).
D.zllysél Jerina, D., Witkop, B., Arch. Biochem. Biophys. 128, 617

D.(ly.J W Jerina, D. M., Witkop, W. T., Expmm(xa 28, 1129

Fishbein, L., Sci. Total Environ. 4, 304(

Gardner, A. M., Chen, J. T, Roach Rucln. E. P, Bio-
chem. Bmphy- Res. Commun. 85, 1377(1973)

Goto, M., Sugiura, K., Hattori, M., Miyagawa, T., Okamura, M.,
Clmnm Iure 227 2?3(]974)

Greb, W., Klein, W., Coulston, F., Goldberg, L., Korte, F., Chemo-
lp’ncre 143 (1973),

Grover, P. A, 8ims, P., Huberman, E, anu-rdt,H Kumli.'l‘
Hoidelberger, C., Proc. Nntl Acad.$ci. U.S.A, €8, 1088 (1971).

Guroff, G., clflnydar Daly, J., Biochem. Biophys. Res.
Commun, 24, 720 (1966

anr;;ys,s_, (R Stainhaver, W, G., Mikias, H. P., Nature (London)

Riubrough R W., Soutar, A Young, D. R, Science

ul it

the deuterium from the original 4’-[?H]-4-chlorobiphenyl
substrate was retained in the metabolite. This result sup-
ports the formation of the diol by two lndlpcndont hydrox-
ylation reactions in which the first step occurs via an arene
oxide followed by a second biological hydroxylation reac-
tion. The ible for the in-
urﬂon of tho second llydrolyl group thus remove nno—hdf
atthe 3 p in 4"
Nphonylnl This nqu-nc. ol‘ events is Ando'oul to Lhe
stapwise hydroxyluuon of p lalani give ty
which is in turn hydroxylnud yhldlm 3 4-dlhydroxyphon-
ylalanine (Guroff et al,, 1966). Similarly, it has also been
-shown that the oxidation of butamoxane to give 6,7-dihy-
P ds via two tive hydroxyl-
lﬂon reactions rather than by tho more direct route
through an arene oxide intermediate (Murphy et al., 1974).
The arena oxides of several polycyclic aromatic hydro-
carbons are known to be more active as carcinogens than
sither the parent hydrocarbon, the corresponding phenols,
or dihydrodiols (Grover et al., 1971). The results reported
in thn ) paper -hmv that a lowur ch\onnn\cd PCB homer, 4-
1, is also lized via an arene oxide in-
termadinte. Since the biologieal properties of PCB and
their metabolitos are not fully understood dn- il. thlm’ore.
an aves of envi The
cal propemu of PCBs md thonr metabolites are cumntly
under i gation {n our lab y.
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where the numerical coeflicients are taken from equation
117 Similatly, the tree-growth anomaly pattern correspond-
ing to the year following a high percentage of albacore
caught north of San Francisco can be represented as:

map 6=8.56 (sigenvector 4)—6.17 (eigenvector 9)
+11.54 eigenvector 10) (&)

These maps are presented in Fig. 4. The cing-width data
were mostly from trees sited in arid localities, so that a
wide ring would generally be associated with anomalously
cool, cloudy wecather and above normal precipitation
whereas a narrow ring would reflect warm, sunny and dry
conditions.

Below normal tree growth in the Pacific North-west
(. 4) is indicative of dry conditions associated with belaw
pormal ¢yclonic activity during the fishing season. Sunny
and mild weather would favour albacore fishing “in
adjscent waters, as would above normal insolation regard-
jess of weather. The resuiting excess of stored heat in the
ocean would be given up through evaporation during the
following mutumun and winter and fead to increased cyclonic
uctivity and precipitation along the coast north of San
Francisca. These conditions would lead to increased tree
growth during the following growing season (Fig. 4).

Autumn and wintesr climatic anomaly features, com-
bined with spring climate and the year-to-year autocorrela.
tion of tree-ring widths, produce the other ring-width
anonmaly features in Fig. 4 for the following growing
season. Narrow ring widihs south of San Francisco, for
example, imply below normal precipitation—an expected
feature since winter precipiiation in the Pacific North-west
is negatively correlated with winter precipitation in
southern California®.

The reconstructed values of albacore catch distribution
data (Fig. 3) and inferred population distribution also seem
to exhibit long term changes over intervals of 100 yr or
more, which suggest the possibility that long term fluctua-
tions in the ocean-atmosphere system may be involved,

The success of the calibration of tree rings with albacore
catch indicates the possibility of relating tree-ring varia.
ticns to any type of biological variations which are lﬁeckd

~wia nsay ETOW better in water
depleted in oxygen 18 and deuterium

WH((.E lrowmg oats a1 different temperatures i
and d (D abund,

n water of
we naticed thay
oats grown in Amnrcuc water in which is depleted in O any
D by ~49%, and — 400%,,, relative 10 standard mean ocean Water
(SMOW used as a comparative reference in hydrogen and
oxygen isotope studics), showed initial growth 1-2 weeks sooncr
than did oats grown in water containing greater O and D
concentrations. The oats seemed to grow betier in water which
was most depleted in the stable isotopes throughout the grow th
period.

The oats were grown from the same batch of seeds in two
sealed glass-covered glass jars (appro:umalcly 10 1). Twenty-
five oat seeds were added (0 each jar, containing the same
amount of vermiculite and 500 m! water to which 5.0 g Rupid.
Gro, a commercial fertiliser, had been added. One jar contained
melted glacial ice from the Aniarctic with isotope concenirations
of —49%, 5'*0 (SMOW) and —400%, 6D (SMOW). The ather
jar contained distilled occan water with + 1.0%, 30 (SMOW)
and 4 17%, 8D (SMOW). Both jars were placed in the chamber
at the same time.

The elpeﬂmenl was repeated lhrce umes with new materials:
oncethe growthchamber was {.7and33 C;
once between 24 and 26.6°C; and once the temperature
fluctuated between 1.7 and 26.6 “C. Each time the oats in the
jar containing water depleted in the heavy isotopes showed
germination 1-2 weeks carlier and seemed 10 grow better
throughout the growth period, than oats grown in distilted
ocean water.

Using oats grown at 15 "C, the first sign of germination in the
jar containing water depleted in the heavy isotopes was 4 d afier
planting. On the day 6, cight plants {out of 25) had attained a
height of 6 cm. The first sign of germination in the jar with
water containing the heavier isotope concentration, was after
17 d. By the time five planis had attained a height of 6 cm in this
jar, in that with water depleted in the isotopes, 23 planis that
had reached the top of the jar (approximaicly 25 cm).

Kashutin® observed that snow-water depleted in D increascs
the yield of cucumbers, radishes and spring wheat compared
with controls grown in ordinary water of unspecificd isotopic
composition. He cites experiments on the cgg productivity of
hens and the weight gain of suckling pigs. In both cases water
depleted in D was ially efficient in promoting productivity.

by large scule climatic fluctvations. Such relationshi
be quantified und used to reconstruct ob)tcnvely other
climatically-caused biotic variations in the past,
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Allhouah much has been done on the effect of D-enriched
water on biological systems, we suggest that research on the
effect D-depleted water on plant and animal growth may prove
fruitful. A major source of water depleted in D by over 400",
{407,) compared with SMOW is snow and ice from the Antasctic
polar plateau, Water depleted by 150- 1807%, is readily available
in the USA from Rocky Mountain snow precipitating above
10,000 feet clevation,
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Identification of chlorinated dibenzofurans

in American polychlorinated biphenyls
MORTALITY of embsyos has coniributed 10 the reproductive
failures of several bird species, including the sparrowhawks
(Accipiter nisus) of southern Scotiand', the white-tailed eagles
(Haliavetus albicilla) of Schleswig Holstein?, and the herring
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gulls (Larus argentatus) of Luke Ontario®, Suspected causes
include p,p-DDE  (2,2-bis<(p-chlorophenyl)-1,1-dichloroethy-
lene), other chlorinated biocides andfor their derivatives,
and the polychlorinated biphenyls (PCBs), all of which are
present as contaminants in the eggs'™3. FCBs are present in

high concentrations in the bird populations which suffer

embryonic  mortality’”>, Other organochlorine  compounds
which muy be present in food webs include the chlorinated
dibenzodioxins and the chlorinated dibenzofurans (Fig. 1),
which are toxic to embryos in amounts®*? less than | ug. They
arc therefore among the most toxic substances known and are
possible cuuses of the observed mortality.

The chlorinated dibenzodioxins and chlorinated dibenzo-
furnns, however, have proved excecdingly difficuit 1o detect
in envir al les in the rations at which they
arc expected to be embryotoxic®'®. The chlorinated diben-
zodioxins enter the environment as contaminants in preparations
of the herbicide 2,4,5-T (refs 5 and §1) and the fungicide
pentachlorophenol'***, Chiorinated dibenzofurans have been
found in a French (Phenoclor DP6) and u German (Clophen
AG0) PCD and were shown to be the active embryotoxic agent
in these preparations*, The techniques used, however, did not
detect chlorinated dibenzofurans in an American PCB, Aroclor
1260. We report here the presence of chlorinated dibenzofurans
in Aroclor PCB, widely used in North America and Great
Hritain, and in the same Aroclor 1260 preparation examined
previowly with negative findings®.

I ‘B ined include: Aroclor 1248, 1254, and
31260 (1969); Aroclor 1254 (1970); Aroclor 1016 (1972); and
the same three preparations studied by Vos er al*: Aroclor
1260, lot No. AK-3; Clophen A-60, lot No. 912434; and
Phenoclor DP-6, lot not specified. The Iatter three PCBs were
obtained fram Dr Vos, the others from the Monsanto Company
in the ycurs indicated in parentheses.

PCHs extracted from environmental samples most often have
gus chromatogsaphic profiles similar to those of PCB formula-
tions containing approximately 48, 54 or 609 chlorine. In
the Aroclor series, the former (wo PCBs are equivalent to
Aroclor 1248 and Aroclor 1254, respectively. Aroclor 1260,
Phenoclor IIP6, and Clophen A60 all contain approximately
0% chlorine.

Chlorinated dibenzofurans were identified in all Aroclor
preparations excepl Aroclor 1016, as well as in Clophen A60
and Phenoclor DP6. Aroclor 1016 is a PCB mixture containing

Flg. 1 Skeletal steuctures of: a, chlorinated bipheny), x4y =
1-10; b, chlorinated dibenzofurans, x4 y := 1-8; ¢, chlorinated
dibenzodivxing, x4y = 1-8.
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Table 1 Chlorinated_dibenzofwian concentrations® in Arovlor,
Clnplien and l’hcnm.lur

rC ol scl 6Ol ol

Aroclor 1248 (1969) 05(25) 1.2(60) 03(15) 20
Aroclor 1254 (1969) 0.1 (6) 02{12) 1.4(82) 1.7
Aroclor 1254 (1970) 0.2(13) 0427 09 (60) 15
Aroclor 1260 (1969) 0.1(J0) 0.4(40) 0.5(5( 1.0
Aroclor 1260 (Iol. AK3) 02 (25) 0.3(38) 0.3(38) 04
Aroclor 1016 (1972) ND ND ND ~

Clophen A-60 1.4017) 5.0(59) 22(20) 8.4
Phenoclor DP-6 0.7(5 10074 29521 136

*Expressed as ug g~ PCB. Values in pareniheses represent quantity
as pereentage total dibenzofwran.
ND, not dctected (<0.001 ug g
Amounts of PCB ranging from 1.0 to 2.0 § were dissolved in
400 ml hexane, placed on a Florisil column (180 g, internal diameter
31.5 mm), and cluted with: an additional 1,60 ml hexune, and
successive 800 mt volumes each of 5% diethyl-cther-heaanc, 259,
dicthyl-ether-hexanc and acetone, at a rate of approximuicly 7 i
min~!. Themajor portion of the PCH was eluted in the hexune lraction,
which was discarded. On addition of the § % mixture, the eluates were
collected in six successive 400 ml volumes. To climinate the polar
solvents, cach eluate was evaporaled twice just to dryness and taken
up each time in a minimal amount of hexane. Each fraction, in 1 mi
hexane, was on & microalumina column*t and eluted with
10ml oach of and 20% methylene chloride in hexune. These were
also taken twice just to dryness and made to up a volume of 1 ml in
hexane to cli te the methylenc chloride before gas chromato-
hic analysis. Aliquots of all fractions oblum:d before and afier
ng on alumina were injected into a six foot glass column
i 3% OVI1 on 100-120 mesh Supelcoport in Tracor MT220
and Mewlett-Packard 5700 gas chromatographs equipped with
$3Ni electron-capture detectors, PCBs were found to be present in
each fraction eluted from the Florisil column in amounts sufficient
10 interfere with the d of trace on
lhe alumina columns separated most of the PCB murl‘enmc into the
methylene chloride fractions. On removal of this interference,
dlifeuni peak patierns nppcmed in the chromatograms of the 20%,
hylene chiloride i Is eluting in the 209, méthy-
Iene chloride fraction were coll«:lcd for mass spectromelric analysis
using a 20:1 effluent splitter. and a trap consisting of a capillary tube
(I mm internal diameter, 100 mm long) bent to a U sh.lp»‘ immersed
in m liquid nitrogen bath. Methylene chloride (207(: 4 pl} in hexane
was injected into the clplllary as a rinse, removed with u 1.0 nl
micropipelte, and placed directly on the mass specirometer probe.
The probe was inscried into a GEC AE] MS$902 high resohition mass
spectrometer and the solvent removed by the force pump. The probe
was rapidly inscried into the ion source and mulliple scans were
recorded in the un-line high resolution mode'.

approximately 429, chlorine and has replaced Aroclor 1242
in many applications, principally as the dielectric fluid in
capacitors'. Values reported in Table 1 represent the total of
those compounds found in 400 ml Florisil fractions 2-6. A
total of 10-12 isomers was identified in each PCH. Two chlorin-
ated dibenzofuran contaminants have been reported for the
Clophen and Phenoclor previously*; our first analyses of the
Clophen revealed an additional five chlorinaied dibenzofurans®,
The structures contained four to six chlorineatums. Other diben-
zofurans including those chiorinated o a lesser extent may have
been present in the first 400 mi fraction but this was not examined
in detail as it contained substantial PCB interference. Recently
synthesised 2,3,7,8-tetra-, 2,3,4,7,8-penia- and 2,3,4,6,7.8-
hexachlorodibenzofuran were used 10 quantify tctra-, penta-,
and hexachlorodibenzofurans, respectively. The former two
authentic standards had retention times on the OVI column
the same as those of two dibenzofurans isvlated from the PCB.

Vos et ul* detected no chlorinated dibenzofurans in an
Aroclor 1260 preparation at a detection limit of | p.pan.
Fractionation and ination of the identical Aroctor 1260
in our study confirm their findings based un the stated limil,
but reveal the presence of 11 chlorinated dibenzolurans in the
preparation, having a total concentration of 0.8 pg ¢ ' PCHB
(Table 1). The same workers also found diethyl cther extracts
of the Clophen A60 and Phenoclor DP6 to be much more toxic
to chick embryos than dieihyt ether extracts of Aroclor 1260
Our study confirms those findings on the basis of chlorinated
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Fig. 2 a, Gas chromatogram of a fraction of Aroclor 1254

comuining a mixture of chlorinated bmhenyls. dlbcnrorumns.

and naphthalenes. Identities of pewks are given in the text.
b, Mass spectrum of peak 2, & tetrachlorodibenzofuran.

dibenzofuran content: the identical Clophen and Phenoclor
contain 11 and 17 times more total chlorinated dlbcnzofuraus.
mmmvely, than the Aroclor 1260.

A gus ct am s C derived from the
Aroclar 1254 obtained in 1969 is represented in Fig. 2. The
components were eluted in the sccond 400 ml Florisil fraction
and recovered from the alumina column in 209 mcthylene
chloride-hexane, Fach of the numbered peaks was trapped
as described here, and identified by mass spectrometric
analysis. A nominal mass plot of the high resolution mass
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ako have been released m proporuonal amounts. Theic per-
, effects, and si; remuin to be determined.
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spectrum of peak 2 is shown in Fig. 2. The plot includes all
the ions with elemental compositions ranging to the maximum
empicical formula Cy,H O»CLMCL*Cy. The molecular ion
cluster at nominal mje 304- 310 frugments by successive losses
of C! to yield the ions at mje 269-275 and CO to the ions at
mife 241-245. A minov loss of Cl from the peaks at mfe 269275
also occurs to yicld the ions at mfe 234 238, followed by CO
climination to mfe 206- 210,

The group of peaks at mfe 152-154 ure the doubly charged
molecular fons. An identical spectrum was obtdined from an
authentic standard of 2,3,7 8-tetrachlorodibenzofuran. This
latler compound has a retention time identical 10 that of peak
4, Peak 2 is, therefore, a positional isomer. The accuralc mass
meusuiements for the characteristic ions are within 2 p.p.m.
ofthe culeulated exact mausses, Peaks identified on thischromato-
gram and their retention times relative 1o dieldrin are as follows:
u mixture of tetra- and pentachlorobipheny! (1.02); tetrachloro-
dibenzaluran (1,30); pentachlorobipheny! (1.46); tetrachiorodi-
benzofuran  (1.57);  hexachloronaphthelerie  (1.75);  penta-
chlorobipheny! (1.86); hexachloronaphthalene (2.00); and
heptuchloconaplithalene  (3.46), An  aliquot of combined
fructions derived frony the sume Araclor 1254 was treated with
dinzomethane to assess whether any chlorinated ortho-hydroxy-
biphenyls (pre-furans) were present, Gas chromatographic
anahysis of the sumple before and after teatment resulted in
identical chromatograms.

As lurge quantities of PCRs have entered the global envivon-
ment' - it may be assumed thal the contaminant dibenzofurans

Niche breadth in Bryozoa
as a test of competition theory

COMPETITION theory predicts that intraspecilic and inler-
specific competition should often have opposite effects on
the use of resources by a population, the former increas-
ing, the latter decreasing, the range of resource actually
used'’. Field data supporting these predictions are well
known for the interspecific case’* but arc scarce for the
imraspecific condition, and we have been unable to find
any reference demonstrating bhoth effects within a single
specics. We therefore report here the verification of both
predictions in respect of compstition for space by the
epiphytic bryozoan Alcyonidium hirsutum; less cxtensive
duta suggesting the same eﬂe:ts within other bhryozoans are
also reported.

Intraspecific competition should resuft in an increase in
the range of a resource spectrum used by a specics, av at
high population lesels the advantages 1o any individual of
being at the competition-frec optimum of a resource
gradient are offset by the intensc intraspecific competition
found there (Iig. 1a); this is the ‘principle of equal oppor-
tunity' of MacArthur', Interspecific competition, on the
other hand, should tend to restrict the range of the resource
specirum used by a species, as individusis attempting to
exploit marginal resources cannot do so as efficiently as
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