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Chromatography and spectroscopy have been used 
to ident i fy  and measure crude oi l  and petroleum prod- 
ucts in water (1,2,3,4).  Crude oi l  and petroleum 
products cause unpleasant ta int ing of f ish and shel l -  
f ish (5,6,7,15),  but only a few papers describe the 
determination of these materials in aquatic animals. 
Pflaum et al. (8) used TLC for qual i ta t ive detection 
of petroleum products in carp exposed to a mixture of 
gasoline and lubr icat ing o i l .  GLC was used to detect 
the contamination of oysters (Crassostrea virginioa) 
and scallops (Aequipecten irradians) by l igh t  fuel 
oi l  (9). Hydrocarbons including several carcinogens 
were found in mussels (Mytilus edulis) from Toulon 
Harbour (lO). Several polynuclear aromatic hydro- 
carbons have been isolated from barnacles (Tetraclita 
squamosa rubescens, Mitella polymerus) and oysters 
( I f ,12,13) .  This paper describes a simple spectro- 
fluorometric method for the quanti tat ive determination 
of heavy residual fuel o i l  (Bunker C) in aquatic 
animals. 

EXPERIMENTAL 

Bunker C oi l  from Venezuela was extracted with 
spectrograde hexane, the extract was f i l t e red  through 
a medium sintered-glass f i l t e r  and hexane was evapo- 
rated in vacuum on a rotatory evaporator at 36~ 
The result ing hexane-soluble fract ion was used as the 
standard for the spectrofluorometric determination of 
Bunker C oi l  in aquatic animals. 

A Beckman DK-2A spectrophotometer and a Perkin- 
Elmer MPF-2A spectrofluorometer were used to scan 
absorption and fluorescence spectra, respectively. 
Unless indicated otherwise, whole animals (she l l f ish  
without shel l)  were analysed. Usually 2 to 4 speci- 
mens of the same species were combined for analysis. 
Individual flounders and lobsters were dissected and 
various tissues were analysed separately. The sample 
was ground with anhydrous sodium sulfate and the mix- 
ture shaken with spectrograde hexane for 20 minutes 
on a wr is t -act ion laboratory shaker. The rat io of 
hexane to wet weight of sample was approximately 4:1 
V/W. The hexane extract was drawn off  by a Pasteur 
pipet and i ts  volume was measured. An al iquot of the 
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extract was diluted with a known volume of hexane so 
that the absorbance at 300 nm (l cm cel l )  did not ex- 
ceed O.lO0 and the fluorescence emission at 360 nm 
was used to calculate the concentration of Bunker C 
oi l  in the sample, using the hexane-soluble fract ion 
of Bunker C oi l  as the standard. 

RESULTS AND DISCUSSION 

Fluorescence of several fuel o i l s ,  dissolved in 
hexane, was determined. Fluorescence emission maxima 
of l i gh t  fuel oi ls occur at 310-330 nm, while residual 
fuel o i ls  have maxima at 350-400 nm. Bunker C oi l  
used in this work has a fluorescence emission maximum 
at 360 nm. With this material, fluorescence is a 
l inear function of concentration at least up to lO 
~g/ml. Hexane extracts of control animals have no 
maximum at 360 nm but they have some background 
fluorescence. This background fluorescence was ex- 
pressed as Bunker C oi l  to obtain an estimate of i t s  
influence on the determination of Bunker C o i l .  Most 
animals exposed to Bunker C oi l  in the lab or col- 
lected in the area of a major Bunker C oi l  sp i l l  have 
a fluorescence emission maximum at 360 nm. Hexane 
extracts of flounders and At lant ic  salmon parr, ex- 
posed to Bunker C oi l  in the laboratory, and hexane 
extracts of crabs and lobster from the contaminated 
area had no maximum. 

Typical fluorescence emission spectra are pre- 
sented in Figure I and the quanti tat ive results are 
summarized in Table I .  As can be seen from Table l ,  
the background fluorescence of the hexane extracts 
of control animals is low and animals exposed to 
Bunker C oi l  take up the oi l  from thei r  environment. 
Specimens were collected at d i f ferent  stations in the 
contaminated area which accounts for the differences 
in thei r  Bunker C oi l  content. 

Duplicate analyses (including extraction) of a 
flounder exposed to Bunker C oi l  in the laboratory 
gave the values of 90 and I08 for skin, 57 and 59 for 
f lesh, and I08 and 144 ~g/g for gut. The recovery of 
Bunker C oi l  from spiked control samples of peri- 
winkles, mussels, lobster muscle, and crabs was l l 7 ,  
45, 95, and 60%, respectively (average from two deter- 
minations). 

Bunker C oi l  is an extremely complex mixture of 
compounds. The oi l  used in this work contains about 
6% of a hexane-insoluble material which is not in- 
cluded in the fract ion used for cal ibrat ion and which 
is not extracted from the analysed samples under the 
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Figure I .  Typical fluorescence emission spectra. 

described conditions. About one-half of the hexane- 
soluble fract ion consists of a l iphat ic  hydrocarbons, 
the other half contains unidenti f ied fluorescent com- 
pounds, very l i ke ly  polynuclear aromatic hydrocarbons. 
Thus a great deal of uncertainty is involved in the 
determination of Bunker C oi l  in aquatic animals. The 
described method determines only the fluorescent 
f ract ion of the oi l  and gives no data on the a l iphat ic  
f ract ion.  However, a l iphat ic  hydrocarbons are quite 
inert  b io log ica l l y ,  while aromatic hydrocarbons are 
toxic,  some of them are carcinogenic and may have much 
more pronounced effects on aquatic fauna than 
a l iphat ic  hydrocarbons (14). I t  is therefore the 
fluorescent f ract ion of the oi l  which is more impor- 
tant in the study of oi l  contamination of aquatic 
animals. 
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TABLE l 

Determination of Bunker C o i l  in aquatic organisms. 

Bunker C o i l ,  ug/g 

Species 

Crab (Cancer irroratus) 

Hermit crab (Paguru8) 
Mussel (Mytilus) 
Periwinkle (Littorina 

littorea) I I  

Star f ish (Asterias vulgaris) I I  

Sea urchin 
(Strongylocentrotus) 22 

Clam (Mya arenaria) 8* 

At lan t i c  salmon parr 
(Salmo salar) lO* 

Winter flounder 
(Pseudopleuronectes 
americanus) 

Skin O* 

Flesh O* 

Gut 21" 

Lobster (Homaru8 americanus) 

Abdominal muscle 

Claw muscle 

Gut 

Stomach 

Contaminated 
Control area area or 

or laboratory laboratory 
control exposure 

7 17+,61+,53 + 
2 

3 IO3, 77 

231, 57, 66 

158, 31, 14 + 
/ 

39, 21 

87* 

l l 3  *+ 

5, 3* 

4, 4* 

57, 149" 

19, l l 6 *  

182" 

7 *+ 

622 *+ 

4+,137 * 

3 + , 33* 

]30+,1810 * 

230+,2840 * 

+No maximum at 360 nm 
*Laboratory control or exposure 
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The complexity of Bunker C oi l  must be borne in 
mind when interpret ing the data in Table I .  I t  can 
be seen that aquatic animals take up large quantit ies 
of Bunker C oi l  and d is t r ibu te  i t  throughout the t f s -  
sues. This is in agreement with the l i t e ra tu re  reports 
(8,9) on the uptake of other petroleum products by 
aquatic animals. The analysis of flounder and lobster 
tissues indicate very high concentration of the oi l  in 
the gut which may be the si te of the i n i t i a l  accumu- 
lat ion of the o i l .  A thin f i lm of o i l  on the stomach 
wall and black discolorat ion of the gut were observed 
in lobsters exposed to Bunker C oi l  (15). I t  is not 
clear at the moment why only an increased background 
fluorescence of the extracts of exposed animals was 
observed in some cases. I t  is possible that in these 
cases fluorescent compounds from Bunker C oi l  are 
ei ther metabolized or i r revers ib ly  bound in the tissue 
and d i f fe rent  fluorescent compounds are generated in 
the process. 

Oils are taken up readily by aquatic animals. 
Further study is required to determine the fate of the 
oi l  in the animals and in the food chain. From the 
analytical point of view the e f fo r t  should be concen- 
trated on the iso lat ion and iden t i f i ca t ion  of indiv id-  
ual compounds in o i ls  and on the determination of those 
compounds in the environment. The described method is 
suitable for the determination of the general patterns 
of uptake, excretion, and metabolism of Bunker C oi l  
in aquatic animals and is being used in a study of the 
contamination of aquatic animals following a major 
sp i l l  of Bunker C o i l .  
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