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The transfer of organosulfur compounds to short-necked clam 
and eel (OGATA et ai.1977), and the i r  el imination from contaminated 
biota af ter  being transferred and reared in clean sea water (OGATA 
& MIYAKE 1978) have been reported. Furthermore, the compounds 
transferred to f ish or she l l f i sh  from crude o i l  suspension have 
been ident i f ied  by a gas chromatograph-mass spectrometer (OGATA et 
al.1979a) and by a gas chromatograph-mass spectrometer attached 
with computer system (OGATA & MIYAKE 1979b). Thereafter, the organo- 
su l fur  compounds found in marine biota have been presumed as indices 
of contamination by petroleum or crude oi l  (OGATA & MIYAKE 1979b). 

In the present report, the experiment was designed to examine 
the tendencies of accumulation and el imination of several organo- 
su l fur  compounds in marine biota kept in o i l  contaminated water or 
in clean sea water af ter  the contamination. The obtained data were 
analyzed by curve f i t  method, the concentration ra t io  versus rearing 
time, concentration factor and h a l f - l i f e  of each ident i f ied  organo- 
su l fur  compound was calculated. 

MATERIALS AND METHODS 

The petroleum used was a mixture of the Arabian Light Crude 
oi l  and the Zubea o i l ,  the composition ra t io  of 4 to 1 by weight, 
with a speci f ic gravi ty of 0.857. The f ish tank was 45x60x37 cm in 
size. Control eels and short-necked clams were reared in clean 
water kept at 20~ with a constant a i r  supply. 

Short-necked clams (380) weighing about 15g each and 70 eels 
weighing 130 to 180g each were separately acclimated in tanks with 
clean sea water. Before the exposure experiment, a control group of 
short-necked clams or eels were sampled from acclimation tank. 
After 16 days of acclimation, short-necked clams were placed on the 
surface of the sea mud and reared in sea water containing 50 ppm of 
crude oi l  for 8 days as an exposure experiment. Eels were kept in 
250 ppm oi l  suspension for  16 days. The suspension in the exposure 
tank was exchanged dai ly with new one. Short-necked clams (40) were 
sampled randomly 1,4,8 and 15 days af ter  exposure and were frozen 
unt i l  analyzed. 

Six eels were taken out 1,2,4,8 and 15 days af ter  exposure and 
were frozen unt i l  analyzed. The rearing water was sampled dai ly and 
the levels of organosulfur compound were monitored. 

After the exposure experiment, the remainder of the short- 
necked clams or eels were transferred to a tank with clean sea 
water as a disappearance experiment. Then the short-necked clams 
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and the eels were taken out on the day, 2,3,5,8 and 15 and on the 
day 1,2,4,8 and 16 respect ive ly .  Eel f lesh from one sample and the 
so f t  bodies from I0 short-necked clams were homogenized by a 
Waring blender in the cold room. Forty clams were div ided in to  4 
groups, I0 clams were analyzed together;  eels were analyzed i n d i v i -  
dual ly .  The analysis procedures and gas chromatographic determi- 
nat ion for  organosulfur compounds in b iota and water were as de- 
scribed by OGATA & MIYAKE (1979b) wi th the flame photometric detector 
(FPD). The amount of organosulfur compound in jected onto a gas 
chromatograph correlated to the square root of the peak height  (FAIR 
& THRUSH 1968). Therefore the concentrat ion ra t i o  of organosulfur 
compounds in b iota to those in the water were calculated with the 
square root of peak height ra t io  to the in te rna l  standard (the 
corrected peak height r a t i o ) .  I n i t i a l l y  we confirmed that  the amount 
of authent ic  dibenzothiophene is propor t ional  to square root of i t s  
peak height.  Peaks of these organosulfur compounds in the b iota were 
those which had been i d e n t i f i e d  from the crude o i l  suspension by a 
gas chromatograph-mass spectrometer (OGATA et  al .  1979a) and by a 
gas chromatograph-mass spectrometer attached with computer system 
(OGATA & MIYAKE 1979b). 

RESULTS AND DISCUSSION 

Gas chromatographic patterns of crude o i l  and ext racts  from 
clams and eels a f te r  exposure to the o i l  suspension, and t he i r  
controls are shown in Fig. I .  Gas chromatographic studies revealed 
the t ransfer  of iden t i ca l  peaks from crude o i l  to b iota samples 
a f te r  the exposure. Mainly larger  molecular weight compounds such 
as dibenzothiophenes t ransferred to the short-necked clams and the 
pattern looked l i ke  that  of crude o i l .  On the other hand smaller 
molecular weight compound such as alkylbenzothiophenes t ransfer red 
to eels. These discrepancies may be ra t iona l i zed  as fo l lows;  clams 
might have taken up these compounds not only via so lu t ion  but also 
as par t i c les  from o i l  suspension in contrast  to eels which might 
absorb them mostly through the g i l l s  via so lu t ion .  

Table 1 and 2 show the accumulation and discharge process in 
clams (Table I )  and eels (Table 2). The accumulation ra t ios  were 
calculated with the corrected peak height  r a t i o ,  mentioned in 
methods,of b iota sample to water sample, and the ra t ios  in the 
discharge process were obtained from the comparison of the corrected 
peak height ra t i o  of b iota to that  of water sample at the f i na l  
exposure day. Overa l l ,  the ra t ios of both clams and eels increased 
as the exposure time increased and complete t issue saturat ion was 
not achieved w i th in  the present exposure periods used. Two 
charac te r i s t i c  tendencies were observed in the accumulation process. 
F i r s t ,  the isomers of each der iva t ive  compound, alkylbenzo- or 
dibenzothiophene, were accumulated p ropor t i ona l l y  s im i l a r  to each 
other. Second, the clams had greater tendency to accumulate larger  
molecular weight compounds, and was not observed to accumulate mono- 
alkylbenzothiophenes; the eels had the tendency to accumulate 
smaller molecular weight compounds and was not observed to 
accumulate t r ia lky ld ibenzoth iophenes.  

These two charac te r i s t i cs  are wel l  co inc ident  wi th the gas 
chromatographic patterns shown in Fig. 1 and the tendencies of these 

131 



A 

#, 

uJ 

.o 

80 I00 

vm 

Vl o( 

X 4 311 ~ 
1 ~ 21 12 4 

l I  

31 ~ Nzv. 
I ~23 D 

VII 4 

1 2  i 1X 3 

t 

2. 3 ~'~,L3 A ~ PD 

\ ',, !: ~nt~i(FPO ) jL. ................................................................ 

"'-., . . . . . . . . . . . . . . . . . . . . . .  Control (FI O) 

\ :SIX3 17 

i "~", Conlrol(gI D) 
! : ""'~,,,/ .......... ,. Conlrol(FPO) 

" - - " " r  . . . . . . . . . . . . . . . .  l I . . . . .  ;* " l  
1 5 0  200 250 260 Temp. (*C) 

Figure I .  Gas chromatograms of organosulfur compounds. 
(A) Crude oil  ( 7 . 5 # g ) .  Upper curve is drawn by FPD and 
lower curve is drawn by the monitor of FID. (B) Straight 
l ine on chromatogram indicates short-necked clams reared 
in the suspension for 4 days taken on day; IS : internal  
standard. Dotted l ine does control short-necked clam. 
(C) Straight l ine on chromatogram indicates eels reared 
in the crude oil  suspension for 2 days ; dotted l ine 
does control eel.  Analytical sens i t iv i ty  of FPD in (A) 
is 4 times as much as (B and C), injected volume; 1 juL. 
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compound to each biota.  The discharge process showed d i f f e r e n t  
patterns between clams and eels.  Clams discharged contaminated 
organosul fur  compounds qu ick ly  and eels showed a tendency to re ta in  
them r e l a t i v e l y  longer than the clams. The h a l f - l i f e  of each com- 
pound in clams and eels were calculated from the data by curve f i t  
method. As the population of the h a l f - l i v e s  of these compounds in 
clams or eels looked l i ke  a normal d i s t r i b u t i o n ,  the mean and the 
standard deviat ion calculated. These are 2.6 • 1.4 days in clams 
and 10.4 • 7.8 days in eels. The s ign i f i cance of  the d i f ferency 
between them showed p< 0.005. 

This discrepancy in h a l f - l i v e s  might be reasoned by d i f f e r e n t  
l i p i d  content. Comparing the h a l f - l i v e s  in eels of organosul fur  
compounds with those of other aromatic hydrocarbons such as benzene 
and xylenes reported by (OGATA & MIYAKE 1978), the former were 
retained longer than the l a t t e r ,  the h a l f - l i v e s  were 0.5 days fo r  
benzene to 2.6 days for  p-xylene. 
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