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Accumulation and depuration of petroleum hydrocarbons from WSFS of 
Bombay High crude oil by the marine bivalve Gafran0um divaricatum 
(Gmelin) 
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Abstract 

Medium sizc ;caturn (Gmelin), were exposed to the water 
soluble frachons [wsts) ot BomDay n ~ g h  [tml crude oil at concentrations ranging from 581 6 
ppb (10% Wsf stock) to 5.8 ppb (1% Wsf dilution). I 
days of depuration period, hydrocarbon reten 
concentrations in water samples were measured quantltatlvely by uv tlourescence 
spectrometry (excitati dies s h o ~  
that petroleum derive divaricatl 
Clams surviving exposure to rugn suv~etnal levels or crude 011 wsts were adversely affec 
bol and depuration. 
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The low boiling fracti lil are toxic 
and readily soluble in .r causing 
biological dama e very moment of 
the accident o >ill (Whittle and 
Blummer, 1968). uut: LU increased bulk oil 
1 3il pipe ed 

I ion at Bc  as 
Lee11 considerable Illcrease rrt ull yu~iu- 
i ility of oil is increased in 
i rs by agitation and thus 
i nd 
I ?r, 
l / t  A). 

ne research on \ oil 
j oxicity studies I 11t 
and juvenile forms and the chronic effects 
of sub-lethal quantities of Wsfs are rela- 
tively unknown (Anderson et al., 1974, 
Cucci and Epitanio, 1979). The informa- 

ions of o 
seawatc 

tion conce le rate of recovery from 
the oil exp ~d loss of hydrocarbons 
from the body tissues is very less (S , 
1976, Widdows et al. 1987). 

The bivalve G. divaricatum ~ ~ ~ U V V I L  LU 

survive in highly polluted waters was used 
to gain an insight into the accumulation 
and depuration of the pollutant Wsfs of 
Bombay High (BH) crude oil. We are ig- 
norant of long term and low level effects 
of oil pollution. In this study, filter feeding 
mollusc G divaricatum is used to deter- - 
mine the relative PHC uptake during 4 
weeks ex1 >eriod to various dilu- 
tions of stc ; of Bombay High crude 
oil. 

The authors wish to thank Dr. Arun 
Kadam, NIO Regional Center, Mumbai 
for analysis of samples, and Dr. K.G. 
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Rajan, Dept of Statistics, LU & MV Col- 
lege, Andheri, Mumbai for help in statis- 
tical evaluation. 

Material and methods 

The Wsfs were prepared by vigorously 
mixing Bombay High crude oil and sea 
water at a constant temperature (Neff and 
Anderson, 1975). Filtered sea water was 
used for further dilutions to produce the 
desired concentrations. The Wsfs were 
measured routinely by UV flourescensce 
analysis of hexane extracts using an ex- 
citation wavelength of 310nm and an 
emission wavelength of 360nm. The 
subsamples extracted were scanned for 
absorbance at 2930 cm-' with a perkin 
Elmer Model 700 Infrared spectrophotom- 
eter. Hydrocarbon concentrations was 
determined by comparison with standard 
curves prepared for BH crude oil used in 
this study. n-Hexane was used as a blank. 
The rubber stoppers or aluminium foil 
were used to reduce the loss of volatiles 
that could occur. 

The animals used in these static tests 
were chosen because of their wide avail- 
ability and occurrence throughout the 
year. The static tests were conducted as 
per the method of Rice et al., (1979). The 
sessile and polysyringic characters of clams 
make them important biomonitor and 
bioindicators of pollutants (Mason, 1987, 
Burns and Knapp 1989). G.divaricatum of 
length 30-35 mm and weight 20-21g (with 
shell)collected from unpolluted source 
around Bombay were acclimatized for a 
week. The lots which had less than 10% 
mortality during acclimatization were 
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used for the experiment. Tissues were 
pooled for biochemical assay. 

All the samples were analysed five times 
and all values ar ;es of fii c- 
tions of clams. Fo prelimi ts 
to establish a close range of concenrra- 
ti ies of st fs 
were prepared (luv/o, zU%, and 'Y 
proportional oil and seawater mixing, 
followed by preparing various dilutions 
of the respective Wsf stock. 10% Wsf stock 
was chosen for chronic studies as all clams 
in 20% and 30% Wsfs dilutions were found 
dead within a week per"--' 

Results 

Weights ul 1l~drocarborl~-es1uues in the 
test solutions ranged from 5.8 ppb to 583.6 
ppb. The present study revealed the accu- 
mulation of PAH in the tissues of clams. 
The average PAH accumulated are shown 
in Table 1. Length of exposure was major 
factor in the comparative toxicity to test 
animals (Moles, 1998). Clams exposed to 
higher dilutions of the Wsf stock contin- 
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were founa aeaa ~y rnira weel<. An 13% 

dilution concentration all clams died by 
the end of exposure period. By the end of 
fourth week only 50% of clams were found 
dead in 50% dilution concentration. In 
1%, 10% and 25% dilution concentrations 
all clams survived till the end of exposure 
period and thus only these concentrations 
were used for depuration studies. The 
clams generally showed high accumula- 
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tion in higher concentrations upto third hydrophobic characteristic, may persist 
week of exposure, there after the levels 
dropped by the end of experiment. In the 
lower dilution concentrations there was a 
gradual increase in hydrocarbon concen- 
trations. 

After the end of exposure period all 
live clams were transferred to pollutant 
free clean sea water. Initially hydrocar- 
bons were released very quickly (48 hrs) 
irrespective of the concentrations during 
first week followed by lag phase (showed 
down). Negligible amounts of hydrocar- 
bons were retained in the tissues at the 
time of termination of depuration period. 
Mainly the depuration was more rapid. 

Discussion 
Delayed responses were generally ob- 

served in the test animals which indicate 
that the clams can tolerate prolonged oil 
exposure (Moles, 1998). These results 
contradict the previous short term studies 
which show intertidal and subtidal inver- 
tebrates to tolerate oil exposure (Rice et 
al., 1979). Lee et a1.,(1972), Stegeman and 
Teal (1973), Neff and Bums (1996) and 
Mohan and Prakash (1998) have also 
reported the occurrence and uptake of 
petroleum hvdrocarbon bv bivalve mol- 
l we kno~ ~ t e  

I ir body % 
meulum elrner passively or ~y acrlve ab- 
sorption. 

PAHs are ubiquitous priority pollut- 
ants that occur naturally in crude oil. PAHs 
with high molecular weight are less readily 
biodegraded by indigenous microorgan- 
isms in some regions and given marked 
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in aqueous environment, thus contami- 
nating the food chain by accumulating in 
aquatic species like fish and mussels. The 
experimental animals were observed to 
minimize hydrocaron stress by burrow- 
ing (Pearson, 1981), and closing their shells 
tightly (DeZwaan and Zandee, 1971). If 
their intake of pollutant is reduced, ani- 
mals require much longer to accumulate 
sufficient amount of hydrocarbon in their 
tissues to be adversely affected by oil 
exposure (Moles, 1998). Some alteration 
of behaviour (Galtsoff et a!., 1935, Moles, 
1998) and tissue structure (Stainken, 1976) 
by acumulation of PAH were recorded. 
Accumulation was determined to increase 
with increasing exposure period in the 
exposure media (Menon and Menon. 
1 9! 
mt 
selecrlve rererlrrurl anu ueyurarlon of dif- 
ferent hydrocarbons (Shaw et a1 1986).Pre- 
sumably the precise site of these aromatic 
hydrocarbons includes the lipid stores of 
the tissues because of their lipophilic nature 
(Malins, 1997, Farrington et a1.,1982, 
Metcalf and Carlton, 1990). Chronic oil 
exposure appears to minimize the differ- 
ences in hydrocarbon sensitivity between 
species (Moles, 1998). Intertidal organisms 
are vulnerable to chronic pollution through 
oil spills on beaches and such coated 
habitat may retain oil for long periods. 
The medium sized experimental animals 
were maintained during the experimental 
period as size related differences in up- 
take, depuration and bioaccumulation has 
been reported earlier (Gilek et al., 1996). 
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Tablel. Uptake and release o f  PHC in G. divaricatum to dilutions o f  10% WSF stock q e oil (pglg 

(Mean values * S 

% - 
Dilution 7 

1 15 
* 1 

10 16 
* 

Exposure Time (Days) Depuration Timc ruava ,  

100 .71 43.25 54.79 
1.22 a.2 a.1: 

vH = 7.5 * 1.6: Temverature = 28+2"C; Disso~vea uxygen = ~ . o +  1.u m~/l; Salinity = au+Lr 
a - all c 
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was faster in 
organisms. l n e  loss of hydrocarbons by 
metabolism and depuration has been re- 
ported earlier (Anderson et al., 1974). The 
initial rapid drop in tissue hydrocarbon 

mals depurate slowly and have higher 
residual concentrations which are lost very 
lowly if :Farrington et al., 1982). 
t can be ded that while crude oil 

~nav not LC d ~ ~ ~ a l l y  toxic to intertidal hard 
c divaricatum, exposure to high 
S' . Wsf concentrations may result 
in long term deleterious effects 
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