
HELGOI.~NDER MEERESUNTERSUCHUNGEN 
Helgol~inder Meeresunters. 33, 292-296 (1980) 

Aspects of petroleum hydrocarbon metabolism in 
marine animals 

O. G. Mironov 

Institute of Biology of South Seas; 2 Nahimov Avenue,  Sevastopol, USSR 

ABSTRACT: Studies on hydrocarbon composition of Black Sea mussels Mytilus galloprovincialis 
sampled from different habitats indicate that the quantity and composition of hydrocarbons 
distributed in the molluscs depend on season and sea-water quality. The data obtained under 
experimental conditions testify to the possibility of hydrocarbon concentration in mussel tissues 
after death. During filtration in sea water containing oil and oil products, these pollutants are bound 
into faeces and pseudofaeces which contain a greater percentage of aromatic compounds than the 
oil initially present in sea water. Quantitative data are presented on hydrocarbon changes in mussel 
excretory products during transfer from oil-polluted to clean sea water. When Black Sea crabs 
Eriphia verrucosa are fed with mussels containing fuel-oil components accumulated from sea water, 
the pollutants concentrate in the whole body of the crab. This is in contrast to parenteral oil uptake, 
which leads to a concentration of most of the hydrocarbon in the muscles. 

INTRODUCTION 

The biological  role of hydrocarbons and  their  composit ion in  mar ine  organisms have 
received little at tention.  Some researchers noted  the hydrocarbon composit ion of hydro- 
bionts  changed  as a funct ion of growth (Blumer et al., 1969) or food source. Thus, mussels  
Mytilus edulis showed quant i ta t ive  and  qual i ta t ive  differences in  hydrocarbon composi- 
t ion before and  after phytoplankton  blooms. Hydrocarbon composit ion may be used  as 
taxonomic indicator  (Youngblood et ah, 1971). Hydrocarbons are considered to be stable 
chemical  substances  which may pass u n c h a n g e d  through the food chain  (from prey to 
predator). For example,  zooplankton  pr is tane passes the in tes t ine  of a shark without  
fract ionation and  structural al terat ions w h e n  accumula ted  in  the l iver (Blumer, 1967). 
Hydrocarbons may  be  formed from compounds  t aken  up with food. An example  is the 
formation of pr is tane from phytol and  phytoplankters  in  some zooplankton species. 

In recent  years these processes have b e e n  s tudied agains t  the background  of mar ine  
pol lu t ion and  invo lvement  of oil components  in  the hydrocarbon exchange  of organisms. 
A n u m b e r  of authors consider  that pe t ro leum hydrocarbons may  be accumula ted  in  
s ignif icant  quant i t ies  in  organisms and  r ema in  there dur ing  the entire life of the 
organisms {Lee et al., 1972; S tegeman  & Teal, 1973). 

In this context, invest igat ions  on hydrocarbon content  in  mar ine  organisms as wel l  
as processes of accumula t ion  and  e l imina t ion  of pe t ro leum hydrocarbons - both dur ing  
life and  post-mortem transformations - are of theoretical  and  practical interest. 
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MATERIAL AND METHODS 

We cons ider  here  in format ion  o b t a i n e d  in the  Mar ine  Sani ta ry  H ydrob io logy  
D e p a r t m e n t  (Insti tute of Biology of South  Seas,  Sevastopol ,  USSR). The  me thods  
e m p l o y e d  are  b a s e d  on p rocedures  de sc r ibed  b y  Mironov & Shcheka tu r ina  (1977). Mus-  
sels  Mytilus galloprovincialis were  s a m p l e d  in  two bays  of the  Black Sea  and  t r ea ted  
i m m e d i a t e l y  afte r sampl ing .  Thei r  b o d y  s izes  va r i ed  b e t w e e n  35 and  65 m m  (average:  55 
ram). The  soft par ts  were  s e p a r a t e d  from the  shell ,  d r i ed  on fi l ter  p a p e r  in  100-g por t ions  
and  homogen ized .  Lipids  were  ex t rac ted  wi th  a mix ture  of CC14 and  me thano l  {2:1). 
H y d r o c a r b o n  sepa ra t ion  from l ip ids  was  pe r fo rmed  in a co lumn 2.5 • 70 cm p a c k e d  wi th  
s i l i cage l  ASK, ac t iva t ed  at  155 ~ The  rat io  organic  subs tance  to adso rben t  was  1:50. 
The hydroca rbon  fract ion was  w a s h e d  wi th  400 ml of hexane .  The i so la ted  hydrocarbons  
were  t hen  iden t i f i ed  wi th  a ch roma tog raph  CHROM-3.  A nozzle  co lumn of 1.2-m length ,  
0.6-cm diameter ,  p a c k e d  wi th  Chesacorb  MV-HMDS 0.250-0.360 mesh,  s i l ana t ed  
HMDS, soaked  wi th  5 % s i l icone SE-30 was  used.  The t empe ra tu r e  in the  in j ec t ed  

c h a m b e r  was  300 ~ Analys i s  p r o g r a m m i n g  was  pe r fo rmed  from 100 ~ to 270 ~ at the  
ra te  of 3 ~ Detector  sens i t iv i ty  was  1:100. In addi t ion ,  mic rochromatograph ic  
ana lyses  of hyd roca rbon  mixtures  were  ca r r i ed  out. These  fac i l i ta ted  fract ionat ion.  Crabs  
Eriphia verrucosa were  t rea ted  in the  same  way.  

RESULTS AND DISCUSSION 

Seasona l  changes  in the  hydroca rbon  content  of Mytilus galloprovincialis are  
p r e s e n t e d  in Tab le  1. M. galloprovincialis were  s a m p l e d  from Black Sea  aqua to r i a  wi th  
different  deg ree s  of wa te r  pol lu t ion.  

Tab le  1 i l lus t ra tes  that  the  total  quan t i ty  of hydroca rbons  con ta ined  in  organisms  
from "Bay b"  much  exceeds  that  from "Bay a".  Ear l ier  da t a  (Mironov, 1967) from the 
same  aqua to r i a  showed  more  in tens ive  po l lu t ion  by  oil  p roduc ts  of Bay b than  Bay a. 

Inc reased  amounts  of hyd roca rbon  were  no t iced  in musse ls  from "c l ean"  waters  in 
March  and  Apri l .  This  migh t  be  l i n k e d  wi th  the  phy top l a nk ton  b loom which  a t t a ined  its 
m a x i m u m  in this a r ea  in March  (Rouchi jainen,  1975). 

Tab le  2 r ep resen t s  quant i t a t ive  charac ter i s t ics  of normal  paraffins.  The  da ta  ind ica te  
that  the  sum of n-paraf f ins  in  o rgan i sms  from Bay b is 7 t imes  h ighe r  than  in  those  from 
Bay a. 

Besides,  in the  a n a l y s e d  oi ly fractions from musse ls  s a m p l e d  from po l lu t ed  waters ,  
a romat ic  and  he te rocyc l ic  compounds  were  d e t e r m i n e d  in quant i t i es  amoun t ing  to 13.03 
and  17.0 w e i g h t  percents ,  respec t ive ly .  This  is not  typ ica l  of hydrocarbons  in  mar ine  
o rgan i sms  (Farr ington et  el., 1973). 

Table I. Mytilus galloprovincialis. Qualitative changes in hydrocarbon contents of mussels from 
two Black Sea bays. All values expressed as mg/100 g wet weight, n.d. = not determined 

Aquatoria Dec. Jan. Feb. March April May June July 
1977 1978 1978 1978 1978 1978 1978 1978 

Bay a 19.7 26.9 23.2 71.3 59.8 35.7 37.1 57.4 
Bay b 199.4 228.2 177.6 n.d. 102.7 70.1 n.d. I00.0 
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Table 2. Mytilus galloprovinciafis. Normal paraffin contents in mussels sampled from different 
bays. All values expressed as rag/100 g wet weight (after Mironov & Shchekaturina, 1977) 

n-paraffins Bay a Bay b 

C12 0.08 0.30 
C14 0.40 3.00 
C15 0.24 1.50 
C16 1.56 4.50 
C17 0.28 2.50 
C~s 0.20 2.25 
C19 0.56 7.00 

Total 3.32 21.05 

The given components (aromatic and heterocyclic) were not revealed in molluscs 
from the unpolluted bay. 

The petroleum hydrocarbons accumulated in marine organisms may be eliminated 
during the life of the organisms or after death. Here we encounter the problem of 
hydrocarbon transformation into detritus. 

Studies on decompositional dynamics of mussels (dissected mussels were placed in 
a sack made of dense plankton gauze submerged in running seawater; 40-day incuba- 
tion) revealed that the amounts of hydrocarbons increased gradually from 79.1 to 134.6 
ng/100 g wet weight. 

Aliphatic hydrocarbons undergo more complicated changes in the process of mussel 
decomposition and detritus formation. At first their total quantity drops by 17 % and then 
on the 40th day increases by 96 % compared with initial values. 

During the dynamic changes in individual paraffins, the amount of "n-alkanes" 
decreases in the first 20 days. This may be explained by susceptibility to microflora 
oxidation. 

During the following days, the amount of n-alkanes increases sharply. Probably, 
synthetic lipid processes predominate over decomposition processes. In addition, the 
amount of hydrocarbons may increase due to formation from fats and fatty acids. 

Thus, hydrocarbons are relatively resistant to biodegradation during the process of 
mussel decomposition. At the same time hydrocarbon synthesis proceeds due to lipid 
decomposition. These two processes are of importance when evaluating anthropogenic 
pollution effects on marine basins, in particular, when studying the biogeochemical 
activities of organisms. 

Of particular interest is the transformation of hydrocarbons by living marine organ- 
isms. When mussels filter sea water containing oil and oil products, the oil is bound into 
faeces and pseudofaeces. Bile salts and some other natural detergents are considered to 
be able to emulsify hydrocarbons and to allow them to pass via the gut into excretory 
products. Oysters may metabolize paraffins (Stegeman & Teal, 1973). 

Experiments with Black Sea mussels (Mironov & Shchekaturina, 1979) show that 
faeces and pseudofaeces, collected while the mussels were exposed to oiled sea water, 
contain significant quantities of hydrocarbons (315.5 and 242 mg/100 g dry weight, 
respectively). Thus intensive filtration by the molluscs leads to the binding of oil- 
pollution components. When such mussels are placed in clean sea water, elimination of 
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hydroca rbons  occurs from the  body;  the  in tens i ty  of faeces  and  pseudofaeces  p roduc t ion  
drops  na tu ra l ly  wi th  t ime.  

The  resul ts  show that  oil  concen t ra t ion  in  p seudofaeces  falls  faster  in the  first 5 days  
(by a factor of 7); dur ing  the next  5 days  its va lue  r emains  more  or less constant .  By 
contrast,  oil  concent ra t ion  in faeces  d e c r e a s e d  b y  3 t imes  in the  first 5 days  and  more  
than  5 t imes  du r ing  the  nex t  5 days.  This  shows that  na tu ra l  e l imina t ion  of a c c u m u l a t e d  
hydroca rbons  occurs ma in ly  v ia  the  in tes t ine .  

The  o i l c o n t e n t  in  the  test  o rgan i sms  is 2 to 4 t imes  h igher .  This  demons t ra tes  tha t  a 
10-day p re sence  of musse ls  in c l ean  sea  wa te r  (with b a c k g r o u n d  pol lut ion)  is not  
suff icient  to e l im ina t e  the  oil  accumula ted .  

Ana lys i s  of hyd roca rbon  contents  in  oil  and  oil p roduc ts  r e v e a l e d  tha t  faeces  and  
pseudofaeces  conta in  h i g h e r  pe r cen t ages  of a romat ic  compounds  than  the oil  in i t i a l ly  
i n t roduced  into the  system. This  fact  m a y  be  a s soc ia t ed  wi th  the  g rea te r  so lubi l i ty  of 
a romat ic  hydroca rbons  in sea  wa te r  b e c a u s e  they  pene t r a t e  musse l  t issue more  easi ly .  

Musse ls  m a y  serve  as food for o ther  an imals ,  for example ,  crabs. Eriphia verrucosa 

i nd iv idua l s  we re  fed  musse ls  wh ich  h a d  a c c u m u l a t e d  d i e se l  oil  from sea  water .  Other  
crabs  k e p t  in  runn ing  sea  wa te r  wi th  d iese l  oi l  concent ra t ion  of app rox ima te ly  20 mg/1 
were  not  fed  du r ing  the  exper imen t .  Subsequen t ly ,  hydroca rbons  we re  d e t e r m i n e d  in 
l iver,  gonads  and  the  r e m a i n i n g  body  par ts  a n a l y s e d  as a whole  (the la t ter  por t ion  wi l l  
s u b s e q u e n t l y  be  refer red  to as  "body") .  

Since  no da ta  on hydroca rbon  content  of Black Sea  crabs  were  ava i l ab le ,  the  content  
of hydroca rbons  and  the i r  componen t s  in  crab t issues  was  d e t e r m i n e d  pr ior  to the  
exper iment .  The  hydroca rbon  contents  m e a s u r e d  were :  l iver  234.6 mg/100 g we t  weight ,  
gonads  49.9, "body"  18.2. 

Thus,  the  crabs e x a m i n e d  con ta ined  a cer ta in  quan t i ty  of pe t ro l eum hydrocarbons ,  
and  these  we re  u n e q u a l l y  d i s t r ibu ted  over  different  organs  and  t issues.  

Table 3. Eriphia verrucosa. Hydrocarbons accumulated in crab organs. All values expressed as % of 
the initial value 

Test Methanonaphthenic Aromatic Hetero-atomic 
Body Liver Gonads Body Liver Gonads Body Liver Gonads 

I* 59.0 0 151.0 51.0 45.0 575.0 102.0 378.0 0 
II* * 89.0 139.0 40.0 5.0 0 0 0 273.0 0 

�9 I :  crabs in sea water with diesel oil 
�9 * II: crabs in clean sea water fed polluted mussels 

Tab le  3 lists the  resul ts  of the  expe r imen t  and  shows di f ferent ia l  t e nde nc i e s  of 
hyd roca rbon  accumula t ion .  M e t h a n o n a p h t h e n i c  hydrocarbons  p reva i l  in body  and  
gonads  of crabs  exposed  to d i e se l  oil. In crabs  fed po l lu t ed  musse l s  for 10 days,  
accumula t ion  of m e t h a n o n a p h t h e n i c  hydroca rbons  occurs in a l l  organs.  Hydrocarbons ,  
pa s s ing  wi th  the  food t a k e n  up  v ia  the  in tes t ine ,  a re  a c c u m u l a t e d  in the  who le  body,  first 
of a l l  in  the  fat-r ich l iver.  Here  the  h ighes t  accumula t ion  p e r c e n t a g e  was  r eco rded  as  
c o m p a r e d  wi th  other  organs.  
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Accumula t ion  of aromatic  and heterocycl ic  compounds  was not iced in almost  all 

organs of animals  exposed  to wate r  wi th  d iese l  oil. However ,  in crabs fed pol lu ted  

mussels,  accumula t ion  of these  hydrocarbons pract ical ly  did not occur. The  same result  

was obta ined  by Funasaka  et al. (1975). 

Hence,  in M y t i l u s  gal loprov inc ia l i s  we a t tempted  to inves t iga te  possible  pa thways  

of hydrocarbon transformation: for example ,  changes  in hydrocarbon content  of indi-  

v iduals  in differently pol lu ted  aquatoria;  hydrocarbon changes  dur ing filtration, as we l l  

as dur ing pos t -mor tem decomposi t ion;  transfer of hydrocarbons  accumula ted  by mussels  

th rough the food web.  

C o m p a r e d  wi th  the si tuation in microorganisms,  whe re  the role of b iodegrada t ion  is 

we l l  e lucidated,  b iodegrada t ion  in  other  hydrobionts  requi res  more de ta i led  expe r imen-  

tal analysis  (for r ev iew consult  Sorokin, 1978). This appears  to be pr imar i ly  due to 

me thodo log ica l  difficulties. 
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