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The ability of some chemicals to move through the food
chain resulting in high concentration is defined as
the ratio of the concentration of chemicals in biota to
that of exposure water mesured at equilibrium. The
relationship between the chemicals and their abilities
of bioconcentration of several chlorinated hydrocarbons
in trout muscle was found ( Neely et al.1974) to follow
a straight line relationship with partition
coefficient.

This paper deals with the correlation between the
partition coefficient and the concentration factor of
alkyl benzenes in crude oil for gold fish and also the
correlation between the partition coefficients and
concentration factor of alkyl dibenzothiophene for
shellfish reared in oil suspension and that caught in
the sea on the basis of previous reports (Ogata et al.
1980a, Ogata et al. 1980b).

MATERIALS AND METHODS

The partition coefficient of the chemical between n-
octanol and water was either taken from the tabulation
of Leo et al.(1971).

Method on contamination of aromatic hydrocarbons for
goldfish: Goldfish were reared in water containing 1
mg/l concentrations of compounds, their concentration
being measured by gas chromatograph,which ranged from
0.017 to 0.8 ppm.

Pretreatment for gas chromatography: Goldfish(2g) was
minced weighed and packed in a Lour-Lock syringe
containing 10 ml of air. Water sample of 5 ml
collected from the bottom of the fish tank with a Lour-
Lock syringe containing 10 ml of air through a glass
tube. That was added with 2 ul of 1.3.5-trimethyl
benzene as an internal standard and 15 g of ammonium
sulfate. The solution was shaken, warmed to 80 C for 5
min in an electric water bath, and allowed to stand for
5 min. One milliliter of evaporated gas was introduced
into an air sampler for gas chromatography (Sudo 1965,
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Ogata et al. 1975). The concentration of each
substance in sampler was quantified by a standard
curve. :

The apparatus employed was the Shimazu GC-4BM

gas chromatograph with FID detector. Analysis was made
under the following conditions, column liquid phases ;
5 % Benton 34 + 5 % DIDP, on celite 60-80 mesh ; size
of column ; 0.3 cm x 5 m, column temperature ; 100°C(
Benzoic compounds; Benzene - Sthylene) 130°C( Isopro-
pylbenzoic compounds; Isopropylbenzene - Diisopropyl-
benzene), carrier gas ; N, 60 ml/min. Concentration
factor of the short necked clam reared in oil
suspension and the oyster or mussel caught in the sea,
measured by gas chromatography, were calculated from
the data of our previous report ( Ogata et al. 1980a,
Ogata et al. 1980Db).

RESULTS AND DISCUSSION
Partition coefficients and bioconcentration at

equilibrium of compounds; The logarithms of biocon-

Table 1. Partition coefficients and bioconcentration
factor for aromatic compounds in goldfish.

Aromatic Log Log
compounds in partition Biocon.
exposure water coefficient factor
Benzene 2.13 0.63
Toluene 2,69 0.92
Etylbenzene 3,15 1.19
p-Xylene 3.15 1.17
m-Xylene 3.20 1.17
o-Xylene 2,77 1.15
Stylene 2.59 1.13
Isopropyl benzene 3.66 1.55
c.-Methylstyrene 3.35 1.47
p-Methylstyrene 3.35 1.50
m-Methylstyrene 3.35 1.55
(-Methylstyrene 3.35 1.53
m-Diisopropyl benzene 4.10 2.1
o-Diisopropyl benzene 4,10 2.14
Anthracene 4,45 2.21
Pyrene 4.88 2,66
o-terphenyl 5.28 2.77

Biocon. :Bioconcentration
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centration factors of aromatic compounds for gold fish
reared in water containing these compounds are shown in
Table 1.

The uptake rates (K4), clearance rates (Ky) and
bioconcentration factor (K;q/K,) of alkyl dibenzothio-
phenes for short necked clam are shown in Table 2.

Table 2. Bioconcentration factor of alkyl dibenzo-
thiophene(alk-DBT) measured from uptake rate and
clearance rate for short necked clam reared in oil
suspension.

Uptake Clearance
Alkyl rate rate Bioc
DBT a* 32,94 0.23 146,24
a 51.68 0.22 238.75
Mono-alkyl b 44,78 0.23 195.77
DBT c 63.34 0.22 288.66
a 51.44 0.21 242,56
Di-alkyl b 54,38 0.25 217.49
c 56,84 0.23 244,94
DBT d 66.39 0.24 281.48
e 59.67 0.23 258,51
a 38.07 0.10 384.58
Tri-alkyl b 45,77 0.14 322.45
c 41.19 0.14 303.89
DBT d 30.52 0.13 231.08
e 45,98 0.20 227.85

*:isomers

The logarithms of the bioconcentration factor of alkyl
dibenzothiophene for experimentally polluted short
necked clam and naturally polluted oyster and mussel
caught in the sea are also shown in Table 3.

The regression equation between partition coefficient
and the bioconcentration of aromatic compounds for gold
fish reared in these compounds was
Log(bioconcn.factor)=0.714Log(partition coeff) ~0.920
with a correlation coefficient of 0.98 as shown in
Table 4 and Fig 1.

The regression equations between the partition coeffi-
cient and the bioconcentration of dibenzothiophene for
short necked clam being reared in crude oil suspension
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Table 3 Logarithm of partition coefficients and
bioconcentration factor of alk-DBT £for short necked
clam reared in oil suspension and shellfish caught
in the sea.

Alkyl Log parti. Log bioconcentration for
experimental and natural
DBT coeff. polluted shellfish
Short
necked Oyster Mussel
clam
DBT a 4,42 2,17 3.12 3.13
a 5.08 2.38 3.29 3.27
Mono-alkyl b 4,73 2.29 3.31 2.87
DBT o 4,78 2.46 3.58 3.22
a 5.49 2.38 3.57 3.58
Di-alkyl b 5.50 2.34 3.41 3.05
c 5.50 2,39 3.62 3.41
DBT d 5.52 2.45 3.78 3.12
e 5,52 2.41 3,98 3.27
a 5.77 2.58 3,72 3.61
Tri-alkyl b 5.89 2.51 3.87 3.62
c 5.86 2.48 3.67 3.32
DBT d 5.61 2.36 4.13 3.39
e 5.52 2.36 4,45 3.34

Parti. Coeff, : Partition Coefficient

is Log(bioconcn.factor)=0.163Log(partition coeff.) +
1.524, with correlation coefficient of 0.71.

Regression equation between partition coefficient and
bioconcentration for mussel is Log(bioconcn.
factor)=0.494 Log(partition coeff.) + 1.026, with a
correlation coefficient of 0.62 for mussel. And equa-
tion between partition coefficient and bioconcentration
for oyster caught in the sea was Log(bioconcn.
factor)=0.311 Log(partition coeff.) +1.631 with corre-
lation coefficient of 0.64 for oyster. The hypothesis
that population correlation coefficient () is zero is
dinied within 5% level by t-test in all cases. In t-
test of b=(b;regression coefficient),the correlation
was significant at 5% levels in all cases of regression
equations as shown in Table 3. The straight line of
best fit was drawn through the points of partition
coefficient and bioconcentration factor of alkyl
benzene and its regression equation shown in Figure 1
for aromatic compounds.
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Fig l. Linear regression between logarithms of
partition coefficient and bioconcentration of alkyl
benzenes in goldfish (r=0.98)

A straight line relationship was found between the
partition coefficient of alkyl benzenes and their bio-
concentration factor for goldfish. The results agree
with the relation between the partition coefficient of
chlorinated hydrocarbon and their bioconcentration
factors for trout muscle as described by Neely 1974,
However, there are no reports on relationship between
the partition coefficient of chemicals and their
bioconcentration factor for the biota caught in the
sea.
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Table 4. Correlation coefficients and factors of
regression equation between logarithms of partition
coefficients and those of bioconcentration of
dibenzothiophene and alkyldibenzothiophene in fish
and shellfish(A) and the t-test of correlation
coefficient, slope of regression eguation and
intercept(B).

A: Correlation coefficient and regression equation

chemi biota Orig.

-cals of n r!) a2) b2) Ve3)
Spec.
Aroma. gold Exp. 17 0.98 0.717 -0.92 0.014

Comp. -fish

short
alkyl necked Exp. 14 0.71 0,176 1.52 0.006
~-DBT clam

oyster 14 0.62 0,49 1.03 0,084
alkyl Nat.
-DBT mussel 14 0.64 0.31% 1.63 0,031
B: t-test
chemi biota Orig. V.S. slope Inter.
-cals of Non.

Spec. Corr.

Aroma. gold Exp. 20.12%%* 20, 12%* 7.22%
Comp. -fish

short
alkyl necked Exp. 3.45% 3.45% 5.99%
-DBT clam

oyster 2.75%* 2.75% 1.06
alkyl Nat.
~-DBTI mussel 2.86% 2.86% 2.79%*

1) r: Correlation coefficient, 2) y = ax + b

3) Ve: (Syy - Sxy /8xx) / (n -2)

¥ ;3 significant within 5% level,

**%; significant within 1% level

Orig. of Spec.: Origin of specimens,

Aroma. Comp.: Aromatic compounds

Exp.: Experiment, Nat.: Natural, Inter.: Intercept
V.S. Non. Corr.: Versus none correlation
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A straight line relationship was found between the Log
parititon coefficient of alkyl dibenzothiophenes and
their bioconcentration in the shellfish reared in oil
suspension and also in those caught in the sea. Data
indicate the bioconcentration of alkyl dibenzothio-
phenes and their partition coefficients follow a
straight line relationship not only in experimental
polluted shellfish but also in naturally polluted
shellfish.
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