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Coral r e e f  areas are g l o b a l l y  i m p o r t a n t  as ecosystems 
f o r  t h e i r  r o l e  in  the geochemical  mass ba lance of  the 
ocean as we l l  as p r o v i d i n g  h a b i t a t s  f o r  many i m p o r t a n t  
marine organisms (SMITH 1978).  The bas is  o f  the r e e f  
system is  the he rmatyp ic  ( r e e f - b u i l d i n g )  c o r a l s ,  and 
the h e a l t h  of  these i m p o r t a n t  organisms can be a f f e c t e d  
by both n a t u r a l  and man- induced s t r e s s  (JOHANNES 1978).  
Coral ree fs  o f t en  l i e  c lose  to t anke r  rou tes  as we l l  
as areas of  o f f - s h o r e  p r o d u c t i o n  and o i l  r e f i n i n g  (LOYA 
1976).  The re fo re  the e f f e c t  o f  o i l  on cora l  has been 
a s u b j e c t  o f  much i n t e r e s t  (LOYA & RINKEVICH 1980).  
Our s t u d i e s  of  the e f f e c t  o f  o i l  p o l l u t i o n  on co ra l  in 
Bermuda led us to i n v e s t i g a t e  the uptake and d e p u r a t i o n  
of  pe t ro leum hydrocarbons  by cora l  r e e f  c o l o n i e s .  There 
have been few p rev ious  s t u d i e s  on the uptake and re lease  
o f  pe t ro leum hydrocarbons  by c o r a l ,  and the a n a l y t i c a l  
t echn iques  used s a c r i f i c e  the whole co ra l  a t  the t ime 
of  sampl ing (MEYERS et  a l .  1974; PETERS e t  a l .  1981).  
We mod i f i ed  a we l l - known  method us ing (9-14C) phenan- 
th rene  (SOLBAKKEN et  a l .  1979) and measured the uptake 
and f o l l o w e d  the d e p u r a t i o n  of  t h i s  l a b e l e d  a romat i c  
hydrocarbon in i n d i v i d u a l  co ra l  c o l o n i e s .  The a i m , t h e r e -  
f o re  was to use the r a d i o l a b e l e d  compound to i n v e s t i g a t e  
the e x t e n t  of  uptake and d e p u r a t i o n  and i n v e s t i g a t e  the 
r e l a t i o n s h i p  between co ra l  t i s s u e  and mucus in these 
p rocesses .  

EXPERIMENTAL 

Four c o l o n i e s  of  b r a i n  co ra l  (Dip l o r i a  s t r i g o s a ) ,  approx-  
i m a t e l y  12 cm d i a m e t e r ,  were c o l l e c t e d  from the n o r t h e r n  
f r i n g i n g  ree fs  o f  Bermuda and p laced in a c lean f l o w i n g  
seawater  system in the l a b o r a t o r y  (35 pp t .  s a l i n i t y ,  24~ 
t empe ra tu re ,  f l o w r a t e  5 L / m i n . )  w i t h  a c o n t r o l l e d  l i g h t -  
ing reg ime.  A f t e r  a one week a c c l i m a t i z a t i o n  the c o r a l s  
were dosed w i t h  (9-14C) phenan th rene .  The phenanthrene 
(500 ~g of  50~Ci ,  s p e c i f i c  a c t i v i t y  19.3 mCi/mmol.)  was 
d i s s o l v e d  in 200 uL e t h a n o l ,  e q u i l i b r a t e d  w i t h  I00 mL 
of  seawater  then t h o r o u g h l y  mixed w i t h  15L seawater  in 
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the exper imenta l  tank (50L c a p a c i t y ) .  The co ra l s  were 
t r a n s f e r r e d  to the tank c o n t a i n i n g  the labe led  seawater 
f o r  24 hours ;  samples of  seawater were moni tored th rough-  
out the exper imen t .  A f t e r  the dosing per iod  the co ra ls  
were t r a n s f e r r e d  to a f l o w - t h r o u g h  aquarium w i t h  c lean ,  
f i l t e r e d  seawater f o r  depura t ion  ( f l o w r a t e  5 L / m i n . ) .  

At each sampl ing p e r i o d ,  one sample from each of th ree 
cora l  co lon ies  was removed using a cork borer  ( Icm~) .  
Care was taken not to damage the r e s t  of  the cora l  
co lony .  The t i s s u e  was analyzed us ing a method desc- 
r i bed  p r e v i o u s l y  (SOLBAKKEN et  a l .  1979). A f t e r  a fou r  
day depu ra t i on  p e r i o d ,  the f o u r t h  coral  was removed 
from the tank and i n v e r t e d  over a g lass beaker ~ r  two 
hours to d ra in  the mucus. The mucus was analyzed f o r  
r a d i o a c t i v i t y  in  t h i s  cora l  as wel l  as mucus of the 
o ther  three co ra l s  at  the end of the exper imen t .  The 
sur face area of the cor~l  was c a l c u l a t e d  and a l l  r e s u l t s  
are expressed as dpm/cm ~ of cora l  sur face area.  

RESULTS AND DISCUSSION 

The amount of  r a d i o a c t i v i t y  in  the dosing tank was 111 x 
106  dpm which i s  e q u i v a l e n t  to a c o n c e n t r a t i o n  of 33 p p b .  
Each cora l  had accumulated 17 + 4% (mean + S.E) of  the 
amount of  r a d i o a c t i v i t y  p resen t  in  the water  dur ing  the 
one day exposure.  The t o t a l  r a d i o a c t i v i t y  per cm 2 of the 
cora l  are g iven in TABLE 1 and i n d i c a t e  a sharp decrease 

TABLE I :  Concen t ra t i on  (dpm x 10-3/cm 2) of  r a d i o a c t i v i t y  
in the cork borer  samples from the c o r a l .  

Days a f t e r  exposure 

Coral number 

0 1 2 4 10 

1 79 34 15 29 27 

2 31 20 24 17 7 

3 90 56 23 38 15 

mean 

(~ S .E . )  

67 37 21 28 16 

18 10 3 6 6 
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of rad ioact iv i ty  af ter  the f i r s t  two days with a much 
slower depuration rate af ter  day two. At day 10 there 
was s t i l l  about 25% of the total rad ioact iv i ty  l e f t  in 
the coral. The con{entratis of rad ioact iv i ty  at day 10 
was (116 + 6) x 10" J dpm/cm c (mean and S.E.) whereas the 
concentration of rad ioact iv i ty  in the mucus was 4 + 2 
dpm/cm2 (73 + 30 dpm/mL). This corresponds to an Enrich- 
ment of 4,000 times the rad ioact iv i ty  in the tissue than 
in the mucus. 

From this data we conclude that the uptake of (9-14C) 
phenanthrene by Diploria strigosa is similar to that 
of other invertebrates~FALMORK &-SOLBAKKEN 1980,1981). 
Depuration, appears to be similar in rate and extent 
as similar experiments have shown for the horse mussel 
(Modiola modiOlus), (PALMORK & SOLBAKKEN 1981). However 
there does appear to be a greater intra-colony variation 
of rad ioact iv i ty  in the coral than was shown for the 
mussel. There are few data available on the depuration 
of petroleum hydrocarbons from coral and none that we 
know us lng  (9-14C) phenan th rene .  T h e r e f o r e ,  compar ison 
w i t h  o t h e r  work i s  d i f f i c u l t  a t  t h i s  t ime.  PETERS et  a l .  
(.1981) have i n v e s t i g a t e d  the uptake and d e p u r a t i o n  of  
pe t ro leum hydrocarbons  in co ra l  exposed to 0.1 and 0.5 
ppm fue l  o i l  us ing  gas chromatography .  The c o r a l s  
e x h i b i t e d  uptake and a f t e r  14 days d e p u r a t i o n  in 
c lean seawater  p e t r o g e n i c  hydrocarbons  were s t i l l  p r e s e n t  
in the t i s s u e .  These r e s u l t s  are s i m i l a r  to those r e p o r t e d  
here.  The very low c o n c e n t r a t i o n  of  r a d i o a c t i v i t y  in the 
mucus in our exper imen t  a f t e r  I0 days is  i n t e r e s t i n g .  A 
mucus sample was not  taken at  the zero t ime as t h i s  would 
r e s u l t  in the s a c r i f i c e  of  the c o r a l .  The l eve l  o f  r a d i o -  
a c t i v i t y  in  the mucus of  the cora l  sampled 4 days a f t e r  
exposure was on ly  41 dpm/mL. These very low l e v e l s  in the 
mucus may be due to a very h igh t u r n o v e r  r a te  of  mucus 
by the co ra l  or  may be due to the chemical  na tu re  of  the 
mucus (DUCKLOW & MITCHELL 1979a,b)  and i t s  i n a b i l i t y  to 
sorp pe t ro leum hydrocarbons  to any g rea t  e x t e n t .  These 
q u e s t i o n s  are p r e s e n t l y  be ing addressed by our group in 
Bermuda. Subsequent ana lyses  of mucus from D i p l o r i a  
s t r i g o s a  t h a t  were exposed to Arab ian  L i g h t  crude o i l  
f o r  6 and 24 hours (20 ppm) showed very low c o n c e n t r a t i o n s  
of  pe t ro leum hydrocarbons  as ana lyzed by h igh r e s o l u t i ' o n  
c a p i l l a r y  gas chromatography (KNAP e t  a l .  unpub l ,  d a t a ) .  

This paper r e p r e s e n t s  the f i r s t  employment of  r e p e t i t i v e ,  
n o n - d e s t r u c t i v e  sampl ing of  the same cora l  head f o r  the 
s tudy  of uptake and d e p u r a t i o n  of  pe t ro leum hyd roca rbons .  
The r e s u l t s  show t h a t  D i p l o r i a  s t r i g o s a  accumulate a h igh 
amount o f  phenanthrene from the w a t e r ,  and t h a t  the 
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r e l a t i v e l y  slow e l im ina t i on  is comparable to tha t  found 
in mussels. The slow depurat ion rates exh ib i ted  by 
D i p l o r i a  s t r i gosa  ind i ca te  tha t  these organisms may prove 
to be useful b i o - i n d i c a t o r s  of marine p o l l u t i o n  inc iden ts  
in coral reef  areas. 
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