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PREFACE 

The terms of r e f e r ence  of  t h e  mission,  which took p l ace  from 25 September t o  4 
October 1980, were t o  ca r ry  o u t  a  q u a n t i t a t i v e  survey of  t h e  e x t e n t  of  o i l  p o l l u t i o n  
a long  t h e  coas t  of  Oman and t o  determine t h e  major sources  of  o i l  po l lu t i on .  

The p re sen t  r e p o r t  con ta in s  t h e  r e s u l t s  of t h e  survey f o r  o i l  s l i c k s  and t a r  b a l l s  
i n  c o a s t a l  waters  and on beaches of  t h e  Su l t ana t e  o f  Oman. During t h e  mission a  
number of environmental samples were taken f o r  chemical q u a n t i f i c a t i o n  of  o i l  a s  
wel l  a s  o t h e r  subs tances .  These ana lyses  were conducted i n  t h e  IAEA I n t e r n a t i o n a l  
Laboratory of  Marine Rad ioac t iv i t y  i n  Monaco and i n  t h e  Kuwait I n s t i t u t e  f o r  
S c i e n t i f i c  Research. 

Members o f  t h e  mission team were a s  fol lows:  

Messrs. K. A. Burns, S. W. Fowler, 3. P. Vil leneuve 
I n t e r n a t i o n a l  Laboratory of  Marine Radioact ivi ty* 
I n t e r n a t i o n a l  Atomic Energy Agency 
Mus6e Oc6anographique 
P r i n c i p a l t y  o f  Monaco. 

Mr. V.  C. Ander l in i  (IAEA Consul tan t )  
Environmental Sciences Department 
Kuwait I n s t i t u t e  o f  S c i e n t i f i c  Research 
P.O. Box 24885 
Kuwait 

Members of t h e  mission c a r r i e d  out  t h e  work i n  t h e i r  own s c i e n t i f i c  c a p a c i t i e s .  
Therefore,  t h e i r  views and conclus ions  do no t  n e c e s s a r i l y  r e f l e c t  t h e  o f f i c i a l  views 
o f  t h e  two sponsoring o rgan iza t ions .  

The mission team wishes t o  thank t h e  ~ove rnmen t  of  t h e  S u l t a n a t e  o f  Oman fo r  t h e  
m a t e r i a l  support  furn ished  dur ing  t h e  period of  t h e  survey. Spec i a l  thanks a r e  due 
t o  Mr. Salim Khalfan Fatah and Sul tan  Sa i f  Al-Falahi of  t h e  Minis t ry  o f  
Communications and Mr. Zaid A l i  A 1  Ghassani of t h e  Council f o r  Conservation of  t h e  
Environment and Prevention of  Po l lu t i on  f o r  t h e i r  personal  a s s i s t a n c e  and e f f e c t i v e  
co-ordinat ion of  l o g i s t i c a l  suppor t  i n  t h e  f i e l d .  The h e l i c o p t e r  t r a n s p o r t  provided 
by t h e  Royal Oman Po l i ce  Force and ground t r a n s p o r t  suppl ied  by t h e  Office o f  t h e  
Wali o f  Dhofar is acknowledged with app rec i a t i on .  The survey was g r e a t l y  
f a c i l i t a t e d  by t h e  advice and l abo ra to ry  f a c i l i t i e s  furn ished  by Mr. Arnold E. A. 
McLeod of t h e  Government Cent ra l  Laboratory and through a s s i s t a n c e  with sample 
c o l l e c t i o n  rendered by Mr. Mohamed A. Al-Barwani o f  t h e  ~ i r e c t o r a t e - ~ e n e r a l  o f  

*The I n t e r n a t i o n a l  Laboratory of  Marine Rad ioac t iv i t y  ope ra t e s  under a  t r i p a r t i t e  
agreement between t h e  I n t e r n a t i o n a l  Atomic Energy Agency, t h e  Government of  t h e  
P r i n c i p a l i t y  o f  Monaco and t h e  Oceanographic I n s t i t u t e  ( P a r i s ) .  The l abo ra to ry  is 
s i t u a t e d  i n  t h e  Musde Oc6anographique i n  Monaco. 



( i i )  

F isher ies .  Photographic coverage o f  t he  survey was ab l y  performed by M r .  T ibor  
Farkas, UNEP, Geneva. Trans la t ion  and f i e l d  assistance g iven by Dr. Saad E l  Wakeel, 
Consultant t o  UNEP's Regional O f f i c e  for  West Asia i n  B e i r u t  i s  a l so  g r e a t l y  
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I INTRODUCTION 

More than ha l f  of a l l  o i l  t r anspo r t ed  i n  t h e  world pas se s  through t h e  narrow S t r a i t  
o f  Hormuz on t h e  no t h  c o a s t  of Oman. Est imations made i n  1978 showed t h a t  5 approximately 160,000 m of o i l  were conta ined  i n  su r f ace  s l i c k s  i n  t h e  Gulf and its 
approaches and t h a t  t h e r e  was a  c l e a r  i nc rease  i n  number and percentage of  p o s i t i v e  
s l i c k  s i t i n g s  near  t he  S t r a i t  of Hormuz (Oostdam, 1980). For yea r s  t h e r e  have been 
repea ted  r e p o r t s  by t h e . l o c a 1  populat ion of heavy t a r  l oads  on Omani beaches. This 
s i t u a t i o n  appears  t o  r e s u l t  p r imar i l y  from t h e  p r a c t i c e  of  t anke r s  d ischarg ing  t h e i r  
b a l l a s t  waters  on inward-bound voyages before  they reach t h e  Gulf. The combination 
o f  heavy tanker  t r a f f i c  i n  t h e  c o a s t a l  a r e a ,  i n s u f f i c i e n t  d e b a l l a s t i n g  f a c i l i t i e s  i n  
t h e  Gulf and l ack  of  enforcement of n a t i o n a l  and i n t e r n a t i o n a l  d e b a l l a s t i n g  
r e s t r i c t i o n s  exacerba tes  t h e  problem f o r  t h e  Gulf region.  This is p a r t i c u l a r l y  t r u e  
f o r  Oman s i n c e  it is s i t u a t e d  a t  t h e  en t rance  t o  t h e  Gulf where most d e b a l l a s t i n q  
t akes  place.  I r o n i c a l l y  only about  4 pe r  cen t  of  a l l  t a n k e r s  loading  i n  t h e  Gulf 
c a l l  a t  Ornani o i l  t e rmina ls .  

Oman has perceived t h i s  o i l  p o l l u t i o n  a s  a  t h r e a t  t o  its ex tens ive  f i s h i n g  indus t ry  
which covers  a  c o a s t l i n e  of  roughly 1900 km. O i l  product ion i n  Oman is r e l a t i v e l y  
sma l l  and t h e  country is working t o  preserve  its t r a d i t i o n a l  sou rces  of  income. 
Seeking s c i e n t i f i c  documentation t o  suppor t  Oman's concern f o r  remedying t h e  
s i t u a t i o n  through t h e  es tab l i shment  of d e b a l l a s t i n g  f a c i l i t i e s  i n  t h e  Gulf ,  t h e  Oman 
Minis t ry  o f  Communications reques ted  t h e  United Nations Environment Programme (UNEP) 
t o  a r range  fo r  a  s c i e n t i f i c  survey of  t h e  e x t e n t  of o i l  p o l l u t i o n  along t h e  Omani 
c o a s t .  In f u l f i l l m e n t  of  t h e  reques t  UNEP sought t h e  c o l l a b o r a t i o n  of t h e  
I n t e r n a t i o n a l  Laboratory of  Marine Radioac t iv i ty  (ILMR), Monaco, which was 
r e spons ib l e  f o r  organiz ing  and ca r ry ing  out  t h e  s c i e n t i f i c  a s p e c t s  of t h e  survey 
t h a t  ensued. The goa l  of  t h e  survey was t o  document, i n  q u a n t i t a t i v e  and 
q u a l i t a t i v e  terms, t h e  p re sen t  s t a t e  of  o i l  and t a r  p o l l u t i o n  on beaches and i n  
c o a s t a l  waters .  

Scope o f  survey 

The survey took p l ace  dur ing  t h e  per iod  25 September t o  4 October 1980. Given t h e  
time a v a i l a b l e  and Oman's long c o a s t l i n e  (approx. 1900 km), t h e  survey team 
concent ra ted  on e s t ima t ing  t h e  s t and ing  crop of  t a r  on beaches a s  a  pre l iminary  
assessment of  t h e  p re sen t  e x t e n t  of  o i l  p o l l u t i o n  along t h e  Omani coas t .  L o g i s t i c a l  
suppor t  i n  t h e  form of h e l i c o p t e r s ,  smal l  boa t s  and land t r a n s p o r t  provided by t h e  
Omani Government permit ted t h e  surveying of 11 beaches* covering r e p r e s e n t a t i v e  

*The s e l e c t i o n  o f  t he se  s t a t i o n s  was made p r i o r  t o  t h e  survey i n  consu l t a t i on  with 
r ep re sen ta t i ves  from t h e  Council f o r  Conservation of t h e  Environment and Prevention 
of  Po l lu t i on ,  Ministry of  Communications, D i r ec to ra t e  General of  F i s h e r i e s ,  
Maritime and Sea Po r t s  A f f a i r s ,  Au tho r i t i e s  from Por t  Qaboos and Po r t  Raysut, 
Ministry of Petroleum and Minerals ,  Royal Oman Po l i ce  Force, Meteorological  Sec t ion  
o f  t h e  C i v i l  Aviat ion Department, Musandam Development Committee, Government 
Cent ra l  Laboratory, Diwan of  t h e  Su l t ana t e  of  Oman and t h e  Off ice  of  t h e  Wali o f  
Dhofar . 



c o a s t a l  a r e a s  from t h e  S t r a i t  o f  Hormuz t o  n e a r  t h e  b o r d e r  wi th  Yemen ( f i g u r e  l a ) .  
During t h e  e n t i r e  p e r i o d ,  wind and s e a  c o n d i t i o n s  were l i g h t  and dayt ime 
t e m p e r a t u r e s  ranged from mid-30s t o  low 40s OC. The south-west  monsoon 
(May-September) which a f f e c t s  t h e  s o u t h e r n  h a l f  o f  Oman (UNESCO, 1976a) had j u s t  
ended. 

I n  a d d i t i o n  t o  t h e  beach s u r v e y ,  wa te r ,  s u r f a c e  sed iment ,  f i s h ,  o y s t e r s ,  musse l s  and 
neus ton  were sampled when t i m e  and l o c a t i o n  p e r m i t t e d  (sampling l o c a t i o n s  a r e  
i l l u s t r a t e d  i n  f i g u r e  l b ) .  Some o f  t h e s e  samples  have been chemica l ly  a n a l y s e d  f o r  
petroleum hydrocarbons,  c h l o r i n a t e d  hydrocarbons and s e l e c t e d  heavy m e t a l s .  R e s u l t s  
o f  t h e  beach t a r  s u r v e y  a r e  p r e s e n t e d  i n  s e c t i o n  I11 o f  t h i s  r e p o r t  and t h o s e  o f  t h e  
chemica l  s t u d i e s  a r e  p r e s e n t e d  i n  s e c t i o n  IV. 

I1 GENEKAL PROCEDURES 

L o g i s t i c s :  H e l i c o p t e r s  p rov ided  a c c e s s  t o  a l l  beaches  n o r t h  o f  A 1  durum and on 
Masira  I s l a n d .  The remain ing  beaches  were a c c e s s i b l e  by road from e i t h e r  Muscat o r  
S a l a l a .  Boats  f o r  marine  c o l l e c t i o n  were p rov ided  by t h e  ~ o y a l  Oman P o l i c e  Force ,  
Raysut P o r t  A u t h o r i t y  and t h e  D i r e c t o r a t e  General  o f  F i s h e r i e s .  

Tar c o l l e c t i o n s :  The beaches  were surveyed u s i n g  methods s p e c i f i e d  by UNESCO 
(1976b).  A t  each l o c a t i o n  si tes f o r  t h r e e  o r  f o u r  l - m e t r e  wide t r a n s e c t s  were 
randomly s e l e c t e d .  T r a n s e c t s  were measured from t h e  w a t e r ' s  edge p e r p e n d i c u l a r l y  up 
t h e  beach f a c e  t o  t h e  h i g h  t i d e  mark. A t y p i c a l  t r a n s e c t  l a y o u t  is shown i n  f i g u r e  
2. A l l  tar  lumps w i t h i n  t h e  l - m e t r e  wide t r a n s e c t s ,  which c o u l d  be  p icked  up 
between thumb and f o r e f i n g e r ,  were c o l l e c t e d ,  p l a c e d  i n  p l a s t i c  bags  and l a b e l l e d .  
The tar from each t r a n s e c t  was k e p t  s e p a r a t e l y  s o  t h a t  means and s t a n d a r d  d e v i a t i o n s  
cou ld  be c a l c u l a t e d .  Although an a t t e m p t  was made t o  remove a s  much sand  and s h e l l  
m a t e r i a l  a s  p o s s i b l e  from t h e  t a r  b a l l  s u r f a c e s ,  some o f  t h e s e  p a r t i c l e s  i n e v i t a b l y  
s t u c k  t o  t h e  t a r .  The s m a l l  a d d i t i o n a l  weight  o f  a d h e r i n g  p a r t i c l e s  was p robab ly  
compensated f o r  because some ex t remely  s m a l l  t a r  p a r t i c l e s  were n o t  c o l l e c t e d .  
There fore  no c o r r e c t i o n s  f o r  t r a p p e d  sand and s h e l l  f r agments  were made. The 
c o l l e c t e d  t a r  was t r a n s p o r t e d  t o  t h e  Government C e n t r a l  Labora to ry  i n  Muscat and 
each  bag weighed t o  t h e  n e a r e s t  0.5 gramme. Th is  method h a s  been shown t o  g i v e  an 
a c c u r a t e  assessment  o f  t h e  amount o f  t a r  on a  p a r t i c u l a r  beach t r a n s e c t  r e g a r d l e s s  
o f  t h e  s t a t e  o f  t h e  t i d e  o r  t h e  width  o f  t h e  beach f a c e  ( A n d e r l i n i  and Al-Harmi, 
1979) .  

Sediments:  S u r f a c e  sed iments  were t a k e n  wi th  a  s m a l l  s t a i n l e s s - s t e e l  Van Veen g r a b  
sample r  o p e r a t e d  by h a n d l i n e .  The s u r f a c e  l a y e r  ( t o p  1 cm) i n  u n d i s t u r b e d  g r a b s  was 
c a r e f u l l y  removed wi th  a  s p a t u l a  and f r o z e n  i n  g l a s s  j a r s  f o r  hydrocarbon a n a l y s e s .  
S e p a r a t e  a l i q u o t s  from t h e  same g r a b s  were f r o z e n  i n  p l a s t i c  T w i r l  Packs (R) f o r  
heavy m e t a l  and m i n e r a l o g i c a l  compos i t ion  a n a l y s e s .  

B i o t a :  Mussels ( M y t i l i d a e )  and rock  o y s t e r s  ( C r a s s o s t r e a  m a r g a r i t a c e a )  were removed 
from i n t e r t i d a l  r o c k s  by hammer and c h i s e l  and f r o z e n  whole b e f o r e  d i s s e c t i o n .  F i s h  
were caught  by h a n d l i n e  and immediate ly  d i s s e c t e d .  Newton  and p e l a g i c  t a r  were 
c o l l e c t e d  by towing a  neus ton  s l e d  o r  smal l  p lank ton  n e t  a long  t h e  s e a  s u r f a c e  f o r  
p r e s c r i b e d  p e r i o d s  of t i m e  depending upon wate r  and s h i p  c o n d i t i o n s .  Small  p i e c e s  
o f  p e l a g i c  t a r ,  i f  p r e s e n t ,  were c a r e f u l l y  removed from t h e  sample  f o r  e v e n t u a l  
weighing,  and t h e  remainder  o f  t h e  neus ton  sample was f r o z e n  f o r  m e t a l  a n a l y s e s .  
A l l  sampling g e a r  and d i s s e c t i o n  i n s t r u m e n t s  were p r e c l e a n e d  and p r o c e d u r e s  were 
des igned  t o  minimize sample con tamina t ion  from b o a t s ,  g e a r  and h a n d l i n g .  



I11 SURVEY OF TAR AND O I L  POLLUTION ON BEACHES OF THE SULTANATE OF OMAN 

Summary 

Over h a l f  o f  t h e  w o r l d ' s  c r u d e  o i l  supp ly  is t r a n s p o r t e d  from t h e  Gulf a r e a  v i a  
t a n k e r s  th rough  t h e  narrow S t r a i t  o f  Hormuz which forms t h e  n o r t h e r n  boundary o f  t h e  
S u l t a n a t e  o f  Oman. Repeated s i g h t i n g s  o f  f l o a t i n g  o i l  s l i c k s  i n  c o a s t a l  w a t e r s  and 
l a r g e  q u a n t i t i e s  o f  t a r  observed on beaches  prompted Omani o f f i c i a l s  t o  r e q u e s t  
s c i e n t i f i c  a s s i s t a n c e  i n  a s s e s s i n g  t h e  problems o f  o i l  p o l l u t i o n  i n  Oman. 

T h i s  r e p o r t  g i v e s  t h e  r e s u l t  o f  a  UNEP-sponsored s u r v e y  c a r r i e d  o u t  i n  co-opera t ion  
w i t h  t h e  ILMR o f  t h e  IAEA conducted from 25 September t o  4 October  1980. 
Q u a n t i t a t i v e  beach sampling y i e l d e d  a v e r a g e  s t a n d i n g  s t o c k s  o f  t a r  r a n g i n g  from 5 t o  
2325 g/m o f  s h o r e l i n e  w i t h  an o v e r a l l  average  o f  224 g/m. Values a r e  among t h e  
h i g h e s t  r e p o r t e d  f o r  any world a r e a  and show a  t r e n d  o f  i n c r e a s i n g  l e v e l s  o f  o i l  
r e s i d u e s  c l o s e  t o  t h e  S t r a i t  o f  Hormuz. A l l  t h e  beaches  su rveyed  showed e v i d e n c e  of  
c h r o n i c  tar d e p o s i t i o n .  The d a t a  s u p p o r t s  t h e  p remise  t h a t  t a n k e r  d e b a l l a s t i n g  is a 
major s o u r c e  o f  o i l  p o l l u t i o n  a l o n g  t h e  Omani c o a s t .  

R e s u l t s  and o b s e r v a t i o n s  

Beaches n e a r  Hormuz 

1. Bukha: F l o a t i n g  t a r  was sampled i n  w a t e r s  approx imate ly  2 km o f f s h o r e  from t h e  
beach s t a t i o n .  The s u r r o u n d i n g  w a t e r s  appeared ve ry  c l e a r  and c l e a n  and v i r t u a l l y  
no p e l a g i c  t a r  was no ted  i n  t h e  sample.  Because t h e  bottom i n  t h i s  a r e a  was 
ex t remely  rocky,  s e d i m e n t s  and wate r  samples  were t a k e n  approx imate ly  15 km n o r t h  
n e a r  Khasab Bay. Tar ,  very f r e s h  and s t i c k y ,  was c o l l e c t e d  from t h r e e  t r a n s e c t s  on 
Bukha beach j u s t  e a s t  o f  t h e  ha rbour  ( f i g u r e  3). Q u a n t i t a t i v e  e s t i m a t e s  f o r  t a r  
b a l l s  f o r  t h e  t h r e e  t r a n s e c t s  were a s  fo l lows :  

T r a n s e c t  Length (m) Tar ( g )  

X = 647.0 

O y s t e r s  were a l s o  t a k e n  from nearby i n t e r t i d a l  r o c k s  f o r  l a t e r  a n a l y s e s .  

2. I s o l a t e d  beach 3 km n o r t h  o f  Bukha: Four t r a n s e c t s  o f  e q u a l  l e n g t h  were made 
between wate r  l i n e  and t h e  r e c e n t  h i g h  t i d e  mark. F a i r l y  c o p i o u s  amounts o f  l a r g e  
t a r  b a l l s  were no ted  h i g h  up on t h e  beach f a c e  mixed i n  w i t h  much n a t u r a l  and 
manmade d e b r i s  ( f i g u r e  4). This  m a t e r i a l  must have been d e p o s i t e d  d u r i n g  an e a r l i e r  
s to rm and was i n  such  a  l a r g e  q u a n t i t y  t h a t  it was n o t  p r a c t i c a l  t o  s e p a r a t e  it from 
t h e  l a r g e  amounts o f  a s s o c i a t e d  d e b r i s .  Because o f  t h i s  d i f f i c u l t y  and s i n c e  i t  was 



s o  f a r  above t h e  d e s i g n a t e d  t r a n s e c t s ,  i t  was n o t  i n c l u d e d  i n  t h e  t r a n s e c t  e s t i m a t e .  
However, f o r  s t a n d i n g  s t o c k  assessment ,  i t  is e s t i m a t e d  t h a t  c o l l e c t i o n s  a l o n g  t h e  
t r a n s e c t  r e p r e s e n t e d  o n l y  one- th i rd  o f  t h e  s t o c k  i f  t h e  o i l  r e s i d u e s  obse rved  on t h e  
h i g h e r  r e a c h e s  o f  t h e  beach were t a k e n  i n t o  accoun t .  The f o u r  t r a n s e c t s  gave t h e  
f o l l o w i n g  r e s u l t s  ( n o t  a d j u s t e d )  : 

T r a n s e c t  Length (m) Tar ( g )  

I t  is i n t e r e s t i n g  t o  n o t e  t h a t  w h i l e  no p e l a g i c  t a r  was c o l l e c t e d  by neus ton  tows 
o n l y  3 km t o  t h e  s o u t h ,  t a r  was observed suspended i n  t h e  wa te r  i n  t h e  n e a r s h o r e  
zone. Only very s m a l l  s p e c k s  were s e e n  i n  t h e  s u r f a c e  l a y e r .  However, l a r g e r  t a r  
b a l l s  were observed moving a l o n g  t h e  bottom toward s h o r e .  These were t h e n  d e p o s i t e d  
on s h o r e  i n  t h e  swash zone.  

3. Lima: S i n c e  t i m e  was l i m i t e d ,  on ly  a v i s u a l  s u r v e y  o f  tar  on t h e  rocky beach 
was made. The t a r  was more weathered t h a n  t h a t  found a t  e i t h e r  s t a t i o n s  1 o r  2 on 
t h e  Gulf s i d e  o f  t h e  S t r a i t  o f  Hormuz. It was e s t i m a t e d  t h a t  a s i m i l a r  a v e r a g e  
amount ( i . e .  775 g/metre beach)  a s  t h a t  noted f o r  t h e  t r a n s e c t s  a t  s t a t i o n  2 n o r t h  
o f  Bukha was p r e s e n t  h e r e  a t  t h e  t i m e  o b s e r v a t i o n s  were made. 

O y s t e r s  were c o l l e c t e d  from t h e  r o c k s  a t  t h e  n o r t h e r n  end of t h e  beach.  

J u s t  s o u t h  o f  Lima n e a r  t h e  border  o f  t h e  Uni ted Arab E m i r a t e s ,  s e v e r a l  o i l  s l i c k s ,  
one o f  which was very l a r g e  ( f i g u r e s  5a and 5 b ) ,  were observed from t h e  a i r .  These 
l o n g  bands o f  f r o t h y  o i l  p a r a l l e l  t o  t h e  s h o r e  l i n e ,  were s e v e r a l  k i l o m e t r e s  i n  
l e n g t h  and appeared  t o  be moving onshore .  Bands o f  o i l  were no ted  as f a r  s o u t h  a s  
F u j a i r a h .  

Beaches between Hormuz and Greater Muscat 

4. Sh inas :  T h i s  l o n g  and s t e e p l y - s l o p e d  beach was composed o f  sand  o f  a 
r e d d i s h - m e t a l l i c  c o l o u r .  The winds were s o u t h - e a s t e r l y  and t h e  s u r f  was s t r i k i n g  

- t h e  beach f a c e  a t  a s l i g h t  a n g l e .  The h i g h  berm showed s i g n s  o f  r e c e n t  tar 
p o l l u t i o n  ( f i g u r e  6 ) .  Th i s  t a r  was ve ry  f r e s h  and s t i c k y .  The i n c l u s i o n  o f  an 
e n c r u s t i n g  r u s t - l i k e  s u b s t a n c e  s u g g e s t s  t h a t  it had o r i g i n a t e d  from t a n k e r  washings .  
Above t h e  berm zone were s c a t t e r e d  d r y ,  weathered t a r  b a l l s  e n c r u s t e d  w i t h  a g r e e n  
o r g a n i c  c o a t i n g .  Three t r a n s e c t s  were sampled and gave t h e  f o l l o w i n g  r e s u l t s :  

T r a n s e c t  Length (m) Tar ( g )  

5. A 1  Khabura: The beach was s l o p e d  s i m i l a r  t o  t h a t  a t  Sh inas .  The a r e a  sampled 
was j u s t  n o r t h  o f  a l o n g s h o r e b a r  n e a r  A l  Khabura. There was a l i g h t  n o r t h - e a s t e r l y  



wind (45O). An ex t remely  heavy c o n c e n t r a t i o n  o f  p l a s t i c  o b j e c t s ,  t i n  c a n s  and wood 
d e b r i s  was found on t h e  upper r e a c h e s  o f  t h e  beach f a c e  above t h e  normal h i g h  t i d e  
mark ( f i g u r e  7 a ) .  There was a l s o  a  l a r g e  amount o f  t a r  a s s o c i a t e d  wi th  t h i s  d e b r i s  
( f i g u r e  7 b ) .  Tin c a n s  which had been washed a s h o r s  were counted and an a v e r a g e  
abundance o f  8 . 5  cans/m beach was computed. An a v e r a g e  can  weighed 250 g. Thus, 
w e i g h t s  of  t i n  c a n s  p l u s  o t h e r  d e b r i s  of  a s  much a s  2 t o n n e s  p e r  k i l o m e t r e  of beach 
may be t y p i c a l  f o r  t h i s  a r e a .  

Tar was c o l l e c t e d  from f o u r  t r a n s e c t s  a long  t h e  beach;  f r e s h  o i l  mixed w i t h  sand  and 
s h e l l  was a l s o  p r e s e n t  b u t  was n o t  i n c l u d e d  i n  t h e  c o l l e c t i o n .  Again most o f  t h e  
t a r  was p r e f e r e n t i a l l y .  accumulated on t h e  downwind s i d e  o f  t h e  beach and was 
p a r t i c u l a r l y  heavy i n  a  band n e a r  t h e  h igh  t i d e  mark ( f i g u r e s  8 a  and 8 b ) .  The 
r e s u l t s  were: 

T r a n s e c t  Length (m) Tar  ( g )  

Beaches n e a r  Muscat 

6 .  A 1  Qurum: The s i t e  s e l e c t e d  f o r  t r a n s e c t s  was landward o f  t h e  e a s t e r n  t i p  o f  a  
p a r t i a l l y  submerged wreck abou t  1 km north-west  o f  t h e  Gulf Hote l .  J u s t  e a s t  o f  
t h i s  s i t e  is t h e  o u t l e t  o f  an e x t e n s i v e  mangrove swamp. The l agoon  a r e a  cou ld  have 
been a  r e c e p t a c l e  f o r  d e b r i s  from t h e  s to rm t i d e s  no ted  on o t h e r  beaches .  Tar 
c o l l e c t i o n s  were made a t  low t i d e  b u t  as a t  o t h e r  s t a t i o n s ,  t h e  m a j o r i t y  o f  t h e  t a r  
was found w i t h i n  a few m e t r e s  of  t h e  h i g h  t i d e  l i n e .  Very l i t t l e  t a r  was no ted  on 
t h i s  beach b u t  v i s u a l  o b s e r v a t i o n s  i n  t h e  s h a l l o w s  o f  t h e  s u r f  zone i n d i c a t e d  t h e  
p r e s e n c e  o f  s m a l l  suspended p a r t i c l e s  o f  t a r .  A t  t h e  time o f  t h e  s u r v e y ,  and 
s u b s e q u e n t l y ,  t a n k e r  t r a f f i c  th rough  t h e  S t r a i t  o f  Hormuz had been d r a s t i c a l l y  
reduced ,  which might  be  t a k e n  a s  ev idence  t h a t  o i l  and t a r  p o l l u t i o n  would be  l e s s  
t h a n  normal. On t h e  o t h e r  hand i n s u r a n c e  r e s t r i c t i o n s  by L l o y d ' s  o f  London had t h e  
r e s u l t  t h a t  a lmos t  a l l  t a n k e r s  normal ly  u s i n g  t h e  Hormuz r o u t e  were t e m p o r a r i l y  
anchored c l o s e  t o  t h e  Omani c o a s t ,  below 2 4 O  l a t i t u d e ,  a w a i t i n g  o r d e r s  t o  proceed 
i n t o  the Gulf t o  load .  Th i s  s i t u a t i o n  cou ld  have l e d  t o  an i n c r e a s e d  p o s s i b i l i t y  o f  
p o l l u t i o n .  It  is u n c l e a r  what t h e  con t inued  e f f e c t  o f  t h e s e  two s i t u a t i o n s  had on 
s t a n d i n g  s t o c k s  of t a r  found on t h e  beaches  i n  t h e  A 1  Qurum a r e a .  The r e s u l t s  from 
t h e  t r a n s e c t s  a r e :  

T r a n s a c t  Length (m) Tar (g)  

7. Ras A 1  Hamra: The e n c l o s e d  beach,  which is roughly  750 m l o n g ,  was sampled a t  
t h e  e a s t e r n  end n e a r  rocky c l i f f s .  Some suspended t a r  was no ted  i n  t h e  wa te r .  
Three t r a n s e c t s  were sampled a t  mid- t ide  wi th  t h e  f o l l o w i n g  r e s u l t s :  



Transec t Length (m) Tar (g )  

Oysters on the  nearby rocks were a l s o  sampled. 

8. Mina A 1  Fahal: The beach adjacent  t o  the  Petroleum Development Oman L im i ted  
(PDO) l oad ing  area was sampled w i t h  t h ree  t ransects.  The wind was from the  
north-west and much suspended t a r  was washing ashore w i t h  t h e  t i d e .  Although the  
t a r  was obviously f resh,  many d i f f e r e n t - s i z e d  d i s c r e t e  t a r  b a l l s  were observed 
( f i g u r e s  9a t o  9d). I t  was apparent t h a t  an o i l  s p i l l ,  observed j u s t  offshore PDO 
t h e  previous day, was beginning t o  reach the  beach. The area near a smal l  j e t t y  
which b isec ted the  beach was sampled. Wind and wave a c t i o n  was causing t h e  t a r  t o  
accumulate predominantly on the n o r t h  s ide  o f  the  j e t t y .  Almost a l l  t he  t a r  
c o l l e c t e d  was fresh. Est imates repor ted  here are probably on the  low s ide  because a 
l a r g e  amount o f  suspended t a r  was observed washing ashore a t  t he  t ime the  t r a n s a c t  
est imates were made. The r e s u l t s  from the  th ree  i n t e r t i d a l  t ransacts  were: 

Transect Length (m) Tar (g )  

Samples o f  i n t e r t i d a l  sediment were a l s o  taken o f f  t he  end o f  t he  j e t t y  and prepared 
f o r  hydrocarbon and t r a c e  meta l  analyses. 

Just  offshore from the  PDO complex i s  the  main tanker anchorage and l oad ing  area f o r  
Greater Muscat. On 28 September 1980, t h e  day p r i o r  t o  t h e  t a r  survey c a r r i e d  ou t  
on Mina A 1  Fahal beach, neuston nets  were towed f o r  pe lag i c  t a r  and sur face 
sediments were sampled f o r  hydrocarbons. The depth o f  t h e  water column i n  t h i s  area 
was about 35 m. The water was extremely c l e a r  w i t h  v i s i b i l i t y  o f  about 10 m and no 
s i g n i f i c a n t  amounts o f  t a r  were found ' n  sur face samples. However, upon r e t u r n  ^ toward the  harbour, an area o f  rough ly  3 km was observed which was covered w i t h  
f l o a t i n g  f resh t a r  patches ( f i g u r e s  l 0 a  and l ob ) .  The patches were oozing o i l  and 
i t  was decided no t  t o  drag t h e  ne t  through the  area b u t  r a t h e r  t o  make v i s u a l  
observat ions coupled w i t h  weight determinat ions o f  randomly-sampled t a r  patches. 
The fo l l ow ing  weights were determined: 

1 medium lump 30.0 g 
6 medium-small lumps 65.5 g 
1 l a r g e  lump 40.5 g 
1 smal l  lump 

A dens i t y  o f  approximately 1 lump/m2 was observed from the  boat. Thus, a crude 
est imate o f  t o t a l  o i l  s p i l l e d  i n  the a f f e c t e d  area would be rough ly  70 tonnes. 



U n f o r t u n a t e l y  an a t t e m p t  t o  l o c a t e  t h e  s o u r c e  o f  t h i s  s p i l l  among t h e  many anchored 
t a n k e r s  was u n s u c c e s s f u l .  

Masira  I s l a n d  

9. Dahrai  Beach: A l o n g  s t r a n d  o f  w h i t e  sand  beach on t h e  e a s t e r n  s i d e  of  t h e  
i s l a n d  a  few k i l o m e t e r s  s o u t h  o f  Ras H i l f  was sampled f o r  t a r .  The s o u t h e r n  
e x t r e m i t y  o f  t h e  beach is very rocky and t h e  e n t i r e  a r e a  is w e l l  known a s  a  t u r t l e  
n e s t i n g  s i t e .  A l a r g e  q u a n t i t y  of  t a r  was found h i g h  up on t h e  rocky beach. 
D i s t r i b u t i o n  o f  t h e s e  l a r g e  lumps was ve ry  patchy and i t  was n o t  p o s s i b l e  t o  make a  
q u a n t i t a t i v e  e s t i m a t e  t h a t  would b e  r e p r e s e n t a t i v e  o f  t h e  beach a s  a  whole. Some of 
t h e  t a r  b a l l s  were ex t remely  l a r g e ,  measur ing o v e r  1 0  cm i n  d i a m e t e r  ( f i g u r e  11) .  
S i n c e  t h e s e  were s o  f a r  above t h e  normal t i d e  marks t h e y  were exc luded  from t h e  
t r a n s e c t  measurements. The f o u r  t r a n s e c t s  sampled on t h e  sandy p o r t i o n  of t h i s  
beach two k i l o m e t r e s  t o  t h e  n o r t h  of t h e  f i s h i n g  v i l l a g e  gave t h e  fo l lowing  r e s u l t s ,  
which must be c o n s i d e r e d  minimal due t o  e x c l u s i o n  o f  t h e  l a r g e  t a r  b a l l s  h i g h  up t h e  
t i d a l  zone:  

T r a n s e c t  Length (m) Tar  ( g )  

O y s t e r s  were c o l l e c t e d  from t h e  r o c k s  j u s t  i n  f r o n t  o f  a  small f i s h i n g  v i l l a g e .  

On t h e  o p p o s i t e  s i d e  o f  t h e  i s l a n d  (wes t  s i d e  f a c i n g  t h e  S t r a i t )  n e a r  t h e  v i l l a g e  of  
Dawwah, o y s t e r s  were c o l l e c t e d  from t h e  r o c k s .  One sed iment  g r a b  c o n s i s t i n g  mainly  
o f  c o r a l  and s a n d  was prepared  f o r  hydrocarbon and m e t a l  a n a l y s e s .  A l a r g e  
p ig - faced  bream ( L e t h r i n u s  nebu losus )  was caugh t  by h a n d l i n e  o f f s h o r e  and d i s s e c t e d  
immediate ly  upon r e t u r n  t o  Dawwah. 

S a l a l a  Beach Area 

10. Taquah Beach: Because t h e  beaches  n e a r  c i t y  a r e a s  of  S a l a l a  were r e p u t e d  t o  be 
p e r i o d i c a l l y  c l e a n e d  by l o c a l  p e r s o n n e l ,  an  i s o l a t e d  s t r e t c h  o f  w h i t e ,  c o r a l l i n e  
s a n d  l o c a t e d  abou t  one h o u r ' s  d r i v e  n o r t h - e a s t  o f  S a l a l a  and j u s t  west o f  Taquah was 
s e l e c t e d  f o r  sampling.  A s  appeared  t o  be t y p i c a l  f o r  t h e  S a l a l a  a r e a ,  ve ry  l i t t l e  
t a r  was found. Three t r a n s e c t s  a l o n g  t h e  beach i n  f r o n t  o f  t h e  mangrove lagoon gave 
t h e  fo l lowing  r e s u l t s  : 

Transec t Length (m) Tar ( 9 )  

11. Maghsail  Beach: The beach is l o c a t e d  abou t  one h o u r ' s  d r i v e  south-west  of  
Raysut Harbour. The monsoon season  had j u s t  ended, very l i t t l e  t a r  o r  d e b r i s  was 
no ted  on t h e  beach,  b u t  t h e  beach s u r f a c e  was s t r e w n  wi th  r o c k s .  L igh t  winds were 



from the  south-east and the  s u r f  was breaking d i r e c t l y  on shore. Four t ransac ts  
gave the  f o l l o w i n g  r e s u l t s :  

Transect Length (m) 

The h igh  value a t  t r ansec t  c  was due t o  f i nd ing  one l a r g e  t a r  lump. 

The l o c a l  people expressed great  i n t e r e s t  i n  the  beach work. One fisherman produced 
a c o l l e c t i o n  he had made o f  t a r  b a l l s  and s h e l l s  from dead l o b s t e r s  which he claimed 
washed ashore du r ing  the  monsoon ( f i g u r e  12). Although no cause-ef fect  r e l a t i o n s h i p  
could be establ ished,  h i s  query as t o  whether t he re  was any connection between the 
t a r  b a l l s  and the  dead l o b s t e r s  suggested a keen awareness o f  the  p o t e n t i a l  e f f e c t s  
of o i l  p o l l u t i o n  among the l o c a l  Omani fishermen. 

Other spots i n  t he  Sa la la  area were a l so  sampled. Jus t  ou ts ide  Raysut Harbour, near 
Salala, two 15 minute neuston tows and th ree sediment grabs were taken. No t a r  was 
found i n  neuston samples. Two o f  t he  sediment samples were sandy, t he  t h i r d  which 
was taken near t he  harbour entrance consisted o f  very f i n e ,  organic r i c h  mud. 
Mussels ( M y t i l i d a e )  and oys te rs  (Crassostrea margari tacea) were taken from rocks  on 
the  western s ide  o f  Raysut Harbour. Fresh ly  caught hamour (Epinephelus tauv ina)  and 
pig- faced bream (Lethr inus  nebulosus, common name: Hamishka) from Sa la la  waters 
were d issected i n t o  muscle and l i v e r  samples a t  t h e  l o c a l  f i s h e r i e s  s t a t i o n .  

A summary o f  the  t a r  r e s u l t s  f o r  t he  var ious s t a t i o n s ,  as w e l l  as est imates of t he  
present  s tanding s tock  o f  t a r  along t h e  Omani c o a s t l i n e  i s  g iven i n  t ab les  1 and 2. 
Resul ts  o f  chemical analyses are  presented i n  s e c t i o n  I V .  

Discussion and conclusion 

Several general  fea tures  concerning t a r  p o l l u t i o n  a long the  coast of Oman are  
noteworthy. On a g iven beach, as a general  r u l e ,  most t a r  appeared t o  accumulate i n  
bands a long the  h i g h  t i d e  mark. Furthermore, on beaches which were no tab l y  
scal loped,  t he  h ighes t  concentrat ions o f  t a r  were found on the  windward s ide  o f  sand 
cusps or  obs t ruc t i ons  such as j e t t i e s  and rock  outcrops. S im i l a r  observat ions have 
been made w i t h  t a r  b a l l  surveys on Kuwa i t i  beaches i n  t he  nor thern  Gu l f  ( A n d e r l i n i  
and Al-Harmi, 1979). A t  t imes, espec ia l l y  on the  nor thern  Omani beaches, l a r g e  t a r  
lumps were noted i n  dune vegeta t ion  f a r  above the  h i g h  t i d e  mark. These were 
probably deposited du r ing  storm cond i t ions .  The weathered c o n d i t i o n  o f  these t a r  
b a l l s  contrasted markedly w i t h  t he  f resh,  s t i c k y  o i l  found i n  the  i n t e r t i d a l  area. 
The l a t t e r  o i l  contained s t a i n s  o f  r e d  i r o n  oxide, i n d i c a t i n g  they o r i g i n a t e d  from 
tanker b a l l a s t  washings. 

There was a c lea r  t r e n d  f o r  i nc reas ing  t a r  p o l l u t i o n  along a g rad ien t  from the  
southern border w i t h  Yemen t o  the  S t r a i t  o f  Hormuz ( t a b l e  1) .  This f i nd ing  
c o r r e l a t e s  w e l l  w i t h  recent  r e p o r t s  o f  increased o i l  s p i l l s  i n  t he  v i c i n i t y  o f  
Hormuz (Oostdam, 1980) and i s  cons i s ten t  w i t h  the  complaint t h a t  tankers beg in  
d ischarg ing  b a l l a s t  waters w e l l  down the  Omani coast  so t h a t  t he  sh ips  are nea r l y  



empty upon en te r i ng  the  Gu l f  f o r  loading.  The s i n g l e  h i g h  concent ra t ion  of t a r  
noted a t  Mina A 1  Fahal r e s u l t e d  from a recent  s p i l l  t h a t  apparent ly  took p lace the  

day before the  beach was sampled. It was estimated, by v i s u a l  observations, t h a t  
roughly 70 tonnes o f  o i l  were s p i l l e d  i n  a very l i m i t e d  area. Observations of t h i s  
s i n g l e  s p i l l  underscores the  s i g n i f i c a n c e  o f  c o n t r i b u t i o n s  from tanker l oad ing  
operat ions i n  l i m i t e d  areas as w e l l  as the r a p i d i t y  w i t h  which t h i s  p o l l u t i o n  
reaches the  beach. The e f f e c t  o f  these operat ions becomes espec ia l l y  c l e a r  when one 
compares Mina A 1  Fahal  w i t h  background values a t  t he  nearby beaches o f  A 1  Qurum and 
Ras A 1  Hamra ( t a b l e  1). Outside the  area o f  l o c a l i z e d  o i l  s p i l l s ,  the  h ighes t  t a r  
concentrat ions were observed around the  S t r a i t  o f  Hormuz, most no tab ly  on the  Gu l f  
s i d e  near Bukha. 

Average t a r  weights o f  over 2 kg/m beach are  comparable t o  maximum values found a t  
c e r t a i n  coas ta l  s i t e s  i n  Kuwait du r i ng  1979 ( A n d e r l i n i  and Al-Harmi, 1979). I n  
general,  t he  d i s t r i b u t i o n  o f  t a r  on the  Oman coast i s  cons is ten t  w i t h  data on the  
predominant wind and cu r ren t  pa t te rns  f o r  t he  September-October pe r i od  (UNESCO, 
1976a). Furthermore, on severa l  occasions, knowledgeable l o c a l  people s t ressed t h a t  
f a r  l e s s  t a r  i s  found on Omani beaches d u r i n g  t h e  autumn than i n  t h e  spr ing .  This 
was supported by a v i s u a l  t a r  survey a t  A 1  Qurum made by a previous Uni ted Nat ions 
miss ion  i n  May 1980 (Fowler, personal  communication). Thus, i t  should be st ressed 
t h a t  values g iven f o r  many o f  t h e  beaches i n  the  present  survey a r e  probably minimal  
when compared t o  t a r  l e v e l s  t y p i c a l  f o r  o ther  seasons o f  t h e  year. This i s  
p a r t i c u l a r l y  t r u e  f o r  the  beaches surveyed i n  the  Sa la la  area s ince  the  recent  
monsoons had most l i k e l y  thoroughly cleaned the  beaches j u s t  p r i o r  t o  the  present  
study. Yet a l l  the  beaches surveyed showed evidence o f  chron ic  t a r  deposi t ion.  

Also o f  importance was t h s  observa t ion  t h a t  on th ree  occasions (exc lud ing  t h e  o i l  
s p i l l  a t  Mina A 1  Fahal),  a t  widely separated l oca t i ons ,  o f f sho re  t a r  c o l l e c t i o n s  
made by towing a neuston n e t  y i e l d e d  n e g l i g i b l e  q u a n t i t i e s  o f  f l o a t i n g  t a r .  Along 
t h e  shore adjacent t o  t he  area where the  pe lag i c  t a r  c o l l e c t i o n s  were made, on l y  
very smal l  p ieces o f  t a r  were suspended i n  t he  sur face waters. However, much l a r g e r  
and presumably heavier  p ieces o f  t a r  were suspended i n  t he  subsurface waters and 
were c o l l e c t i n g  near the  water l i n e  on the  beach. These weredepos i ted  on the  beach 
as the  t i d e  receded. These observat ions coupled w i t h  f i n d i n g s  o f  s i g n i f i c a n t  
amounts o f  t a r  on the  beach suggest t h a t  neuston sampling i s  n o t  an adequate means 
o f  es t ima t i ng  o i l  p o l l u t i o n  loads reaching coas ta l  waters i n  t h e  Arabian Sea o r  Gu l f  
areas. 

Geographic comparisons o f  s tanding crop o f  t a r  i n d i c a t e  t h a t  Oman s u f f e r s  severe 
contaminat ion by o i l  from tanker operat ions ( t a b l e  3 ) .  Average l e v e l s  o f  nea r l y  
one-quarter tonne o f  t a r  per k i l ome t re  o f  beach i n  Oman, w h i l e  somewhat lower than 
t h a t  r e c e n t l y  repor ted  f o r  Kuwait ( A n d e r l i n i  and Al-Harmi, 1979), a re  s u b s t a n t i a l l y  
h igher  than those measured i n  most areas of the  world. This i s  p a r t i c u l a r l y  
s t r i k i n g  when one considers t h a t  c a l c u l a t i o n s  repor ted  here are  q u i t e  conservat ive 
f o r  reasons discussed above. The r e s u l t s  s t r o n g l y  support  t he  c la im  t h a t  tanker 
washings from inbound Gu l f  t r a f f i c  are a f f e c t i n g  the  t a r  l e v e l s  on Omani beaches. 
It must be remembered t h a t  t h i s  survey g ives  a p i c t u r e  fo r  t a r  cond i t i ons  a t  on ly  
one p o i n t  i n  t ime dur ing  the  year and, g iven the  p r o b a b i l i t y  t h a t  t a r  cond i t i ons  i n  
Oman vary s i g n i f i c a n t l y  w i t h  t he  season, i t  would be h i g h l y  adv isab le  t o  examine t h e  
beaches on a more regu la r  basis.  I t  i s  suggested t h a t  t he  newly-created Oman 
Counci l  f o r  Conservation o f  the  Environment and Prevent ion o f  P o l l u t i o n  consider 
t h i s  aspect when p lann ing  f u t u r e  s tud ies  i n  t h e  reg ion  i n  the  framework o f  t h e  
Kuwait Ac t ion  Plan (UNEP, 1978). 



I V  CHEMICAL ANALYSIS OF PETROLEUM HYDROCARBONS, CHLORINATED HYDROCARBONS AND HEAVY 
METALS IN COASTAL AREAS OF THE SULTANATE OF OMAN 

Summar y  

A s  p a r t  o f  a  g e n e r a l  s u r v e y  o f  t a r  and o i l  p o l l u t i o n  i n  t h e  c o a s t a l  w a t e r s  o f  t h e  
S u l t a n a t e  o f  Oman, s e d i m e n t  and b i o t a  were sampled from s e l e c t e d  s i t e s  and  a n a l y s e d  
f o r  pe t ro leum hydroca rbons ,  c h l o r i n a t e d  hydroca rbons  and heavy m e t a l s .  Most o f  t h e  
s e d i m e n t  and s h e l l f i s h  s a m p l e s  c o n t a i n e d  some p e t r o l e u m  c o n t a m i n a t i o n .  T o t a l  
pe t ro leum hydroca rbons  i n  r o c k  o y s t e r s  i n c r e a s e d  a l o n g  a  g r a d i e n t  from s o u t h e r n  Oman 
t o  t h e  S t r a i t  o f  Hormuz i n  a  manner c o n s i s t e n t  w i t h  t h e  beach t a r  o b s e r v a t i o n s  
d e s c r i b e d  i n  s e c t i o n  I11 o f  t h i s  r e p o r t .  Hydrocarbon l e v e l s  i n  o y s t e r s  a r e  
i n d i c a t i v e  o f  low t o  modera te  c h r o n i c  p o l l u t i o n  when compared t o  s h e l l f i s h  from 
o t h e r  c o a s t a l  w a t e r s  and a r e  i n  t h e  same r a n g e  o f  v a l u e s  r e p o r t e d  f o r  r o c k  o y s t e r s  
from Kuwait. The r e l a t i v e l y  low hydroca rbon  l e v e l s  i n  b i o t a ,  coup led  w i t h  v i s u a l  
o b s e r v a t i o n s  o f  v e r y  l i t t l e  f l o a t i n g  t a r ,  s u g g e s t s  t h a t  o i l  r e l e a s e d  i n t o  Omani 
c o a s t a l  w a t e r s  a g g r e g a t e s  and s i n k s  and a r r i v e s  a t  t h e  beach a s  heavy s o l i d  o r  
s e m i - s o l i d  t a r  lumps. 

Samples were a l s o  a n a l y s e d  f o r  c h l o r i n a t e d  hydroca rbons  and s e l e c t e d  t r a c e  m e t a l s .  
Except  f o r  e l e v a t e d  l e v e l s  o f  cadmium a t  Lima and D a h r a i ,  heavy m e t a l  c o n c e n t r a t i o n s  
a r e ,  i n  g e n e r a l ,  r e l a t i v e l y  low compared t o  l e v e l s  from o t h e r  more i n d u s t r i a l i z e d  
a r e a s  o f  t h e  wor ld .  C h l o r i n a t e d  hydroca rbon  c o n c e n t r a t i o n s  (PCB, DDT,  e t c . )  were  
a l s o  low compared t o  l e v e l s  from o t h e r  g e o g r a p h i c a l  r e g i o n s .  I n  p a r t i c u l a r ,  t h e  
v e r y  low l e v e l  o f  DOT and  its m e t a b o l i t e s  measured i n  e n v i r o n m e n t a l  s a m p l e s  
i n d i c a t e s  no l o c a l  i n p u t  o f  t h e s e  p e s t i c i d e s  i n t o  t h e  c o a s t a l  w a t e r s .  

S e v e r a l  s u g g e s t i o n s  and recommendations a r e  g i v e n  w i t h  t h e  aim o f  improving t h e  
e f f e c t i v e n e s s  o f  any f u r t h e r  p o l l u t i o n  s t u d i e s  conduc ted  i n  t h e  f u t u r e .  

Methods 

Sample c o l l e c t i o n  

S i t e s  f o r  c o l l e c t i o n  o f  r o c k  o y s t e r s  and m u s s e l s  were chosen  where rocky o u t c r o p s  
w i t h  a t t a c h e d  f a u n a  c o u l d  be  s e e n  n e a r  t o  beaches  s u r v e y e d  f o r  t a r  p o l l u t i o n  a s  
d e s c r i b e d  i n  s e c t i o n  111. The p r o v i s i o n  o f  b o a t s  by t h e  v a r i o u s  a u t h o r i t i e s  
c r e d i t e d  above e n a b l e d  t h e  c o l l e c t i o n  o f  sed imen t  and f i s h  from c o a s t a l  w a t e r s  n e a r  
Raysut  Harbour ,  t h e  S t r a i t s  s i d e  o f  Mas i ra  I s l a n d ,  Muscat t a n k e r  anchorage  a r e a  and 
Khasab Bay n e a r  Hormuz. Sampl ing s t a t i o n s  a r e  shown i n  f i g u r e  l b .  

O y s t e r s  were ch ipped  o f f  i n t e r t i d a l  r o c k s  u s i n g  a  hammer and c h i s e l  and s e a l e d  i n  
p l a s t i c  bags .  Sed imen t s  were  c o l l e c t e d  by d ropp ing  a  s m a l l  s t a i n l e s s  s t e e l  g r a b  
s a m p l e r  on a  hand l i n e  from a  s m a l l  b o a t .  Und i s tu rbed  s u r f a c e  s e d i m e n t  was 
c a r e f u l l y  s c r a p e d  i n t o  s o l v e n t  c l e a n e d  g l a s s  j a r s  f o r  o r g a n i c  a n a l y s e s  u s i n g  a  
s t a i n l e s s  s t e e l  s p a t u l a .  Samples were  p l a c e d  i n  p re -c l eaned  p l a s t i c  c o n t a i n e r s  and 
T w i r l  Packs f o r  sedimenfeology and m e t a l  a n a l y s e s .  F i s h  were c a u g h t  by hook and l i n e  
and immedia te ly  d i s s e c t e d  i n t o  muscle  and l i v e r  samples .  Those i n t e n d e d  f o r  o r g a n i c  



a n a l y s e s  were packaged i n  s o l v e n t  washed aluminium f o i l .  T i s s u e s  i n t e n d e d  f o r  m e t a l  
a n a l y s e s  were p laced  i n  T w i r l  Packs.  Samples were f r o z e n  and t r a n s p o r t e d  t o  t h e  
Monaco and Kuwait l a b o r a t o r i e s  f o r  chemical  a n a l y s e s .  Thorough p r e c a u t i o n s  were 
t aken  t o  minimize con tamina t ion  o f  samples  from d i s s e c t i n g  i n s t r u m e n t s ,  sample  
c o n t a i n e r s  o r  h a n d l i n g  p r o c e d u r e s  (Bernhard,  1976) .  A l l  equipment was c l e a n e d  w i t h  
g l a s s  d i s t i l l e d  s o l v e n t  b e f o r e  use  i n  t h e  o r g a n i c  a n a l y s e s .  

Ana lys i s  

Organics :  Samples were d e f r o s t e d  and p repared  f o r  s o l v e n t  e x t r a c t i o n  a s  f o l l o w s .  
S h e l l s  on mol luscs  were removed and t i s s u e  was d r a i n e d  and weighed. Sediments  were 
mixed w i t h  a  s p a t u l a  and examined t o  make s u r e  they  were f r e e  o f  macrofauna. A l l  
o y s t e r  samples  were ground i n  a  Virtis homogenizer wi th  t h r e e  times t h e i r  we igh t  of 
pre-combusted sodium s u l f a t e .  An e q u a l  weight  o f  Na SO was used f o r  o t h e r  samples .  4  
Homogenates were t r a n s f e r r e d  t o  t h e  p r e - e x t r a c t e d  c e f l u l o s e  t h i m b l e  of a  S o x h l e t  
a p p a r a t u s  and c o n t i n u o u s l y  e x t r a c t e d  wi th  hexane f o r  8 hours .  Hexane e x t r a c t s  were 
c o n c e n t r a t e d  t o  approx imate ly  1 0  m i  by r o t a r y  e v a p o r a t i o n  and t r a n s f e r r e d  t o  Kuderna 
Danish e v a p o r a t o r s .  Volumes were reduced t o  approx imate ly  1 m l  i n  t h e  g r a d u a t e d  
g l a s s  t u b e s .  T o t a l  l i p i d  w e i g h t s  were determined by c a r e f u l l y  e v a p o r a t i n g  1 0  u l  
a l i q u o t s  o f  t h e  e x t r a c t s  on t o  t h e  weighing pan o f  a  Cahn 4400 micro-balance.  
Hydrocarbons were s e p a r a t e d  from o t h e r  l i p i d s  by c h a r g i n g  e x t r a c t s  on t o  columns of  
p a r t i a l l y  d e a c t i v a t e d  s i l i c a / a l u m i n a  g e l  and e l u t i n g  wi th  s o l v e n t s  o f  i n c r e a s i n g  
p o l a r i t y .  F r a c t i o n  1 was e l u t e d  wi th  one column volume o f  hexane and c o n t a i n e d  
most ly  s a t u r a t e d  hydrocarbons.  F r a c t i o n  2  was e l u t e d  w i t h  one volume o f  1 0  p e r  c e n t  
t o l u e n e  p l u s  one volume o f  20 p e r  c e n t  t o l u e n e  i n  hexane and c o n t a i n e d  most o f  t h e  
u n s a t u r a t e d  and a r o m a t i c  hydrocarbons i n c l u d i n g  most o f  t h e  c h l o r i n a t e d  
hydrocarbons.  F r a c t i o n  3 was e l u t e d  w i t h  one volume o f  t o l u e n e  and c o n t a i n e d  t h e  
more condensed r i n g  p o l y n u c l e a r  hydrocarbons.  I n  t h e  b i o l o g i c a l  samples  t h i s  l a s t  
f r a c t i o n  c o n t a i n e d  a s  much a s  3 p e r  c e n t  o f  t h e  t o t a l  l i p i d  weight  and t h e  m a j o r i t y  
was assumed t o  c o n s i s t  o f  b i o q e n i c  components. Thus q u a n t i t a t i v e  d a t a  f o r  F3 is n o t  
i n c l u d e d  i n  t h e  t a b l e s  o f  r e s u l t s  f o r  t h e  b i o l o g i c a l  samples .  L i p i d  t o  a d s o r b a n t  
r a t i o  was a lways g r e a t e r  t h a n  50 t o  1. A l l  e x t r a c t s  were a n a l y s e d  on a  Varian 
h i g h - r e s o l u t i o n  g l a s s - c a p i l l a r y  g a s  chromatograph equipped w i t h  an e l e c t r o n - c a p t u r e  
d e t e c t o r .  C o n c e n t r a t i o n s  of  s e l e c t e d  ha logena ted  hydrocarbons were determined by 
comparison o f  peaks  t o  t h o s e  g e n e r a t e d  by pure  s t a n d a r d s .  T o t a l  e x t r a c t a b l e  
hydrocarbons were determined i n  each f r a c t i o n  q r a v i m e t r i c a l l y .  The o y s t e r  e x t r a c t s  
were ana lysed  on a  C a r l o  Erba g l a s s - c a p i l l a r y  g a s  chromatograph equipped w i t h  f lame 
i o n i z a t i o n  d e t e c t i o n .  Hydrocarbons e l u t i n g  i n  t h e  C12 t o  .C n - p a r a f f i n  b o i l i n g  
r a n g e  were q u a n t i f i e d  by comparison t o  peak a r e a s  g e n e r a t e d  by a  m i x t u r e  of 1 2  
n - p a r a f f i n s  and 1 7  a r o m a t i c  hydrocarbon s t a n d a r d s  b o i l i n g  over  t h i s  range.  Complete 
p r o c e d u r a l  b l a n k s  were run  w i t h  each  b a t c h  o f  samples .  Blank v a l u e s  were s u b t r a c t e d  
from v a l u e s  o b t a i n e d  f o r  c h l o r i n a t e d  hydrocarbon a n a l y s e s .  Blanks  were below 
d e t e c t i o n  i n  t h e  g r a v i m e t r i c  d e t e r m i n a t i o n s  and showed no s i g n i f i c a n t  c o n t r i b u t i o n  
o v e r  t h e  C12 t o  CX b o i l i n g  range  when ana lysed  by FID g a s  chromatography. 
A n a l y t i c a l  d e t a i l s  f o r  measuring pe t ro leum and c h l o r i n a t e d  hydrocarbons a r e  
d e s c r i b e d  i n  Burns and Smith (1981a)  and E l d e r  e t  a l .  (1976) ,  r e s p e c t i v e l y .  

Metals :  Environmental samples  were p r e p a r e d  f o r  meta l  a n a l y s e s  i n  t h e  f o l l o w i n g  
manner. Frozen sed iments  were f r e e z e - d r i e d ,  ground t o  a  homogenous powder and 
approx imate ly  1 g of t h i s  p repared  sediment  was l eached  w i t h  5 m l  o f  50 p e r  c e n t  

cone.  HN03 f o r  2  h o u r s  a t  95OC i n  a  Technicon b lock  d i g e s t e r .  Samples were t h e n  
c e n t r i f u g e d ,  decan ted  and p e l l e t  r i n s e d  w i t h  d e i o n i z e d  wate r .  S u p e r n a t a n t  and a l l  
washings  were combined f o r  a n a l y s i s .  Sample volumes were made up t o  25 m l  and 
ana lysed  by a tomic a b s o r p t i o n  spec t ropho tomet ry  (AAS), u s i n g  s t a n d a r d  c o n d i t i o n s  
w i t h  a  Perkin-Elmer 30% AAS. 



T o t a l  o r g a n i c  carbon (TOC) d e t e r m i n a t i o n s  were made on a l i q u o t s  o f  s e l e c t e d  samples  
u s i n g  methods d e s c r i b e d  by Khalaf e t  a l .  (1979) .  

Rock o y s t e r s  ( t e n t a t i v e l y  i d e n t i f i e d  a s  C r a s s o s t r e a  m a r q a r i t a c e a )  and musse l s  (Perna  
pe rna  L.) were thawed and c a r e f u l l y  removed from t h e i r  s h e l l s  u s i n g  a c i d - r i n s e d  - 
p l a s t i c  kn ives  and spoons.  The s o f t  p a r t s  were r i n s e d  w i t h  d e i o n i z e d  wate r  t o  
remove a d h e r i n g  sand and s h e l l  f r agments .  These t i s s u e s  a l o n g  w i t h  f i s h  samples  
were t h e n  r e f r o z e n ,  f r e e z e  d r i e d  and ground t o  a homogenous powder i n  an a g a t e  
mor ta r  and p e s t l e .  A l i q u o t s  o f  t h i s  m a t e r i a l  (0 .5  - 0.8 q )  were h e a t e d  w i t h  20 m l  
o f  r e d i s t i l l e d  conc. HND, a t  95OC u n t i l  d ry .  Residues  were t h e n  r e d i s s o l v e d  i n  5 
p e r  c e n t  r e d i s t i l l e d  conc. HMO, and f i l t e r e d  th rough  acid-washed, d e i o n i z e d  
wate r - r insed  Whatman No. 41 f i l t e r  paper  t o  remove any remaining p a r t i c u l a t e  m a t t e r .  
Volumes were made up t o  1 5  m l  f i n a l  volume with  5 p e r  c e n t  r e d i s t i l l e d  conc.  HNO . 
Samples were s u b s e q u e n t l y  ana lysed  by I n d u c t i v e l y  Coupled Argon Plasma (ICAP) 
emiss ion  spec t roscopy  ( J a r r e l l - A s h  Model 950, S e r i e s  800 ICAP Atom-Comp) f o r  a l l  
m e t a l s  e x c e p t  Hg u s i n g  a b i o l o g i c a l  m a t r i x  programme i n  t h e  spectrum s h i f t e d  mode. 
F reeze-dr ied  sed iments  were p repared  f o r  mercury a n a l y s i s  by t h e  method d e s c r i b e d  by 
Uni ted S t a t e s  EPA (1979) ,  w h i l e  b i o l o g i c a l  t i s s u e s  were p r e p a r e d  by a s l i g h t l y  
modi f i ed  EPA method. I n i t i a l  d i g e s t i o n s  were made u s i n g  0 .5  - 0.8 g o f  f r e e z e - d r i e d  
t i s s u e s  i n  10  m l  r e d i s t i l l e d ,  conc.  HMO, and l e f t  o v e r n i g h t  a t  room tempera tu re .  
The samples  were t h e n  hea ted  i n  a wa te r  b a t h  f o r  2 h o u r s  a t  65-70Â°C F i n a l  
o x i d a t i o n  was c a r r i e d  o u t  wi th  KMN04 u n t i l  t h e  p u r p l e  c o l o u r  p e r s i s t e d  f o r  a t  l e a s t  
1 5  minutes .  Two m l  o f  po tass ium p e r s u l f a t e  were t h e n  added and e x c e s s  permanganate 
reduced by a d d i t i o n  o f  hydroxylamine NaCl. J u s t  p r i o r  t o  d e t e r m i n a t i o n s ,  Hg was 
r e l e a s e d  by a d d i t i o n  o f  5 m l  o f  s t a n n o u s  c h l o r i d e  and t h e  vapour swept  i n t o  a c l o s e d  
l o o p ,  doub le  beam mercury a n a l y s e r  ( F i s h e r  Company). 

Metal c o n c e n t r a t i o n s  i n  a l l  samples  a r e  r e p o r t e d  a s  ug/g (ppm) d ry  we igh t .  
-. 

R e s u l t s  and d i s c u s s i o n  

Petroleum hydrocarbons 

G r a v i m e t r i c  d a t a  f o r  t o t a l  pe t ro leum hydrocarbon c o n t e n t  o f  sample  f r a c t i o n s  
p r e s e n t e d  i n  t a b l e  1 a r e  expressed  a s  ug/g wet weight  and mg/g l i p i d  weight .  A s  
w i l l  be e v i d e n t  below, a v a l u e  o f  0 means t h a t  t h e  t o t a l  hydrocarbon c o n c e n t r a t i o n  
was t o o  low t o  be a c c u r a t e l y  measured g r a v i m e t r i c a l l y .  When e x t r a c t s  a r e  examined 
by more s e n s i t i v e  methods however, s u c h  a s  g a s  chromatography, t r a c e  components can  
be  q u a n t i f i e d .  The g r a v i m e t r i c  d a t a  show approximate  v a l u e s  f o r  t o t a l  hydrocarbons 
i n  samples  b u t  g i v e  no s t r u c t u r a l  i n f o r m a t i o n  u s e f u l  f o r  de te rmin ing  t h e  o r i g i n  of 
t h e  r e s i d u e s .  To e s t i m a t e  t h e  c o n t r i b u t i o n  from " p o l l u t i o n " ,  t o t a l  hydrocarbons 
must s i g n i f i c a n t l y  exceed t h a t  expec ted  from p u r e l y  b i o g e n i c  s o u r c e s .  
C o n c e n t r a t i o n s  f o r  t o t a l  hydrocarbons were expressed  as t h e  sum o f  f r a c t i o n s  d i v i d e d  
by t h e  wet weight  of  sample e x t r a c t e d  o r  by t h e  t o t a l  e x t r a c t a b l e  l i p i d  we igh t  of 
samples .  

The a b i l i t y  o f  sed iments  t o  r e t a i n  hydrocarbons depends on g r a i n  s i ze ,  m i n e r a l  
c o n t e n t  and a s s o c i a t e d  l i p i d  and o t h e r  o r g a n i c  m a t e r i a l .  I n  g e n e r a l ,  under  
i d e n t i c a l  c o n d i t i o n s ,  a sandy sed iment  w i t h  low o r g a n i c  ca rbon  c o n t e n t  w i l l  show a 
much lower hydrocarbon c o n c e n t r a t i o n  t h a n  an o r g a n i c a l l y  r i c h  c l a y ,  even when i n p u t s  
a r e  s i m i l a r .  Thus, e x p r e s s i o n  o f  t o t a l  hydrocarbons p e r  gram l i p i d  p r o v i d e s  a 
c l e a r e r  i n d i c a t i o n  o f  hydrocarbon r e t e n t i o n  i n  sed iments  o f  d i f f e r e n t  compos i t ion .  
With no background d a t a  t o  e s t i m a t e  what t h e  hydrocarbon c o n c e n t r a t i o n  s h o u l d  be i n  
' normal"  uncontaminated sed iments  from t h i s  a r e a ,  comparisons  have been made w i t h  
o t h e r  ocean a r e a s .  Burns and Smith (1977, 1981a) o b t a i n e d  t o t a l  hydrocarbon 
c o n c e n t r a t i o n s  o f  between 4 and 20 mg/g l i p i d  (approx imate ly  0.2 t o  5 . 0  ug/g wet 



weigh t )  i n  sed iments  from uncontaminated c o a s t a l  w a t e r s  i n  A u s t r a l i a .  Lack of  
con tamina t ion  i n  t h e i r  samples  was conf i rmed by g a s  chromatograph ic  and f l u o r e s c e n c e  
a n a l y s e s .  Sediments c o n t a i n i n g  h i g h e r  c o n c e n t r a t i o n s  showed con tamina t ion  wi th  
pe t ro leum hydrocarbons.  Areas r e c e i v i n g  i n p u t s  o f  petroleum from shore-based 
d i s c h a r g e s  showed sediment  l e v e l s  va ry ing  from t h e s e  b i o g e n i c  l e v e l s  up t o  and 
exceed ing  300 mg/g l i p i d  o r  abou t  400 ug/g wet weight .  Using t h e s e  and s i m i l a r  d a t a  
from o t h e r  c o a s t a l  a r e a s  f o r  comparison,  it can be e s t i m a t e d  t h a t  most of  t h e  
s e d i m e n t s  c o l l e c t e d  i n  Oman c o n t a i n e d  some petroleum con tamina t ion .  The l a r g e s t  
c o n c e n t r a t i o n  on a  l i p i d  weight  b a s i s  was s e e n  a t  t h e  Mina A 1  F a h a l  beach s i t e  and 
r e s u l t e d  from t h e  o i l  s p i l l  observed washing a s h o r e  d u r i n g  t h e  sampling o p e r a t i o n s .  
Sediment samples  d i d  n o t  c o n t a i n  obv ious  t a r  b a l l s .  These were q u a n t i f i e d  
s e p a r a t e l y  by beach s u r v e y  a t  Mina A 1  Faha l  ( s e e  s e c t i o n  111 o f  t h i s  r e p o r t ) .  

The problem of  d i s t i n g u i s h i n g  b i o g e n i c  from " p o l l u t a n t "  c o n t e n t  is magnif ied i n  
b i o t a  l i k e  f i s h  which o f t e n  s y n t h e s i z e  l a r g e  q u a n t i t i e s  o f  b i o g e n i c s  such  a s  
s q u a l e n e  and p r i s t a n e .  Rough comparison can be made w i t h  r e s u l t s  o f  
i n t e r c a l i b r a t i o n  e x e r c i s e s  o r g a n i z e d  under t h e  a u s p i c e s  o f  t h e  N a t i o n a l  S c i e n c e  
F o u n d a t i o n ' s  I n t e r n a t i o n a l  Decade o f  Ocean E x p l o r a t i o n  Programme ( F a r r i n g t o n  e t  a l . ,  
1973, 1976a) .  The IDOE cod l i v e r  o i l  samples  showed a s  much a s  0.9 mg/g l i p i d  o f  
b i o g e n i c  hydrocarbons determined g r a v i m e t r i c a l l y  i n  a d d i t i o n  t o  t h e  petroleum added 
f o r  t h e  i n t e r c a l i b r a t i o n  e x e r c i s e s .  V a r i a t i o n  i n  b i o q e n i c  hydrocarbon c o n t e n t  is 
expec ted  between d i f f e r e n t  s p e c i e s  and between d i f f e r e n t  t i s s u e s  i n  t h e  same f i s h .  
C o n c e n t r a t i o n s  expressed  p e r  gram l i p i d  were n e a r l y  i d e n t i c a l  i n  t h e  L. nebu losa  
caugh t  a t  Masira  and S a l a l a .  Thus, it is l i k e l y  t h a t  t h e  hydrocarbon compos i t ion  is 
most ly  b i o g e n i c .  However, f u t u r e  s t u d i e s  shou ld  g i v e  p r i o r i t y  t o  examinat ion of 
f i s h e r i e s  p r o d u c t s  by more s e l e c t i v e  a n a l y t i c a l  methods. 

The u s e  o f  s h e l l f i s h  a s  i n d i c a t o r s  o f  ambient  wa te r  q u a l i t y  w i t h  r e s p e c t  t o  o i l  
p o l l u t i o n  i n  c o a s t a l  w a t e r s  was d e s c r i b e d  by Burns and Smith (1981b) .  Data from t h e  
Oman samples  f o l l o w  a  g e n e r a l  t r e n d  o f  low l e v e l s  a t  s o u t h e r n  s t a t i o n s  i n c r e a s i n g  t o  
h i g h e r  l e v e l s  o f  t o t a l  hydrocarbons a long  a  n o r t h e r l y  g r a d i e n t  ( t a b l e  4 ) .  
Hydrocarbon v a l u e s  l i e  i n  t h e  r a n g e  o f  low t o  moderate  c h r o n i c  p o l l u t i o n  when 
compared, f o r  example,  t o  l e v e l s  s e e n  i n  s h e l l f i s h  from A u s t r a l i a n  c o a s t a l  w a t e r s  
r e c e n t l y  r e p o r t e d  by Burns and Smith (1981a) .  Oys te r  e x t r a c t s  were f u r t h e r  examined 
by g a s  chromatography p e r m i t t i n g  an assessment  o f  hydrocarbon t y p e  i n  samples .  
R e s u l t s  a r e  p r e s e n t e d  i n  t a b l e  5 .  The g a s  chromatograms showed t h a t  a l l  e x t r a c t s  
c o n t a i n e d  degraded o i l  r e s i d u e s  i n  a d d i t i o n  t o  b i o g e n i c  components. 

Table  6  g i v e s  a  comparison o f  t h e  g r a v i m e t r i c  and g a s  l i q u i d  chromatography (GLC) 
d e t e r m i n a t i o n s  and a  b r i e f  i n t e r p r e t a t i o n  o f  GLC d a t a .  Here it is s e e n  t h a t  a t  very 
low c o n c e n t r a t i o n s  t h e  g r a v i m e t r i c  r e s u l t s  a r e  on ly  a c c u r a t e  t o  a b o u t  a  f a c t o r  o f  2 
compared t o  t h e  GLC d e t e r m i n a t i o n s .  L.ack o f  agreement a t  h i g h e r  l e v e l s  r e s u l t s  from 
t h e  f a c t  t h a t  a  l a r g e  p a r t  o f  t h e  composi t ion o f  t h e s e  samples  is s o  h igh  b o i l i n g  
t h a t  it does  n o t  e l u t e  from t h e  GLC column and t h u s  is  n o t  q u a n t i f i e d  i n  t h e  GLC 
a n a l y s i s .  Th i s  is a  f u r t h e r  i n d i c a t i o n  o f  t h e  p r e s e n c e  of pe t ro leum hydrocarbons i n  
t h e s e  samples .  Because t o t a l  v a l u e s  a r e  r e l a t i v e l y  low, it is t h e  compos i t ion  o f  
hydrocarbons g iven  by t h e  chromatograms which y i e l d s  t h e  most i n f o r m a t i o n  abou t  t h e  
d e g r e e  o f  petroleum con tamina t ion  i n  samples .  Reference is made t o  rev iews  by 
F a r r i n g t o n  e t  a l .  (1976b) and Wakeham and F a r r i n g t o n  (1980)  f o r  d e t a i l s  o f  
i n t e r p r e t a t i o n  o f  hydrocarbon d a t a  i n  marine  samples .  

L i s t e d  i n  t a b l e  5 a r e  pa ramete r s  t o  i l l u s t r a t e  t h e  i d e n t i f i c a t i o n  o f  petroleum 
con tamina t ion  i n  a  m a t r i x  o f  b i o g e n i c  components. For example, phytane is used a s  a  
marker compound f o r  petroleum a s  i t  is u s u a l l y  a b s e n t  i n  uncontaminated samples .  
I s o p r e n o i d  hydrocarbons a r e  g e n e r a l l y  more r e s i s t a n t  t o  b a c t e r i a l  d e g r a d a t i o n  t h a n  
t h e  n-alkanes ,  t h u s  t h e  r a t i o  o f  phytane t o  its ne ighbour ing  a l k a n e ,  C18, is 
prov ided  a s  a  rough i n d i c a t i o n  o f  t h e  r e l a t i v e  s t a t e  o f  b i o d e g r a d a t i o n  i n  samples .  



The r a t i o  o f  unresolved ma te r i a l ,  (another marker f o r  petroleum residues) t o  t he  CIS 
peak i s  f u r t h e r  i n d i c a t i o n  o f  degradation. C15 and C17 are of ten seen as b iogen ic  
components having been synthesized by marine algae and subsequently incorpora ted 
i n t o  the  t i ssues  o f  f i l t e r  feeding s h e l l f i s h .  I n  general,  t h e  p a t t e r n s  of 
hydrocarbons seen i n  the  oys ter  samples agreed w i t h  t he  beach data (see s e c t i o n  
111). Samples from Raysut and the  more souther ly  s t a t i o n s  were composed o f  about 50 

per  cent  non-biogenic hydrocarbons ( t a b l e  5 ) .  Samples from t h e  more nor thern  areas 
showed l a r g e r  percentages o f  petroleum compared t o  the  b iogenics,  reaching the  
extreme a t  Hormuz where b iogenics were no t  v i s i b l e  over the  background o f  crude o i l  
hydrocarbons. There was a l so  a  s h i f t  t o  h igher  b o i l i n g  res idues i n  t he  more 
n o r t h e r l y  s t a t i o n s .  This i s  i n d i c a t e d  i n  samples where the  b o i l i n g  range exceeds 
C5 which i s  t he  upper l i m i t  on the  chromatographic system. I n  these samples the  
base l ine  d i d  no t  r e t u r n  t o  background dur ing  the  normal programmed analys is .*  

A n d e r l i n i  e t  a l .  (1981) reoor ted  oas chromatoora~h ic  analvses of e x t r a c t s  from t h e  . .  2 2 8 

p e a r l  oys ter  P. m a r g a r i t i f e r a  c o l l e c t e d  from s i x  coas ta l  s t a t i o n s  around Kuwait. 
Although t h e i r  r e s u l t s  were repor ted  i n  terms o f  d ry  t i s s u e  a  rough conversion t o  
wet weight made by assuming a  90 per cent  water content  (Goldberg e t  a l . ,  1978) 
i n d i c a t e s  the  Oman values f a l l  in te rmedia te  among the  Kuwait data. 

The l a c k  o f  exceedingly h igh  l e v e l s  o f  hydrocarbons i n  t he  oys ter  e x t r a c t s  and 
neuston tows (see sec t i on  111) conf i rms the  v i s u a l  observat ions t h a t  t he re  was n o t  
as much o i l  present i n  the  water column as would be expected on the  bas i s  o f  t h e  
amount o f  t a r  seen on the  beaches. Thus, t h e  hydrocarbon analyses, coupled w i t h  
v i s u a l  observations o f  very l i t t l e  f l o a t i n g  t a r  bu t  t he  occurrence of heavy t a r  
b a l l s  a long the  ocean bottom near t o  t he  shores, suggests t h a t  t a r  surveys on 
beaches are the  bes t  i n d i c a t i o n s  o f  t he  amount o f  o i l  p o l l u t i o n  i n  an area adjacent  
t o  of fshore tanker operat ions.  

Ch lor ina ted hydrocarbons 

Results o f  t he  ch lo r i na ted  hydrocarbon analyses are  presented i n  t a b l e  7. Inc luded 
i n  the  t a b l e  f o r  comparison are  values f o r  PCB i n  s i m i l a r  k i nds  o f  samples from the  
Mediterranean Sea. I n  general, t h e  Oman data i n d i c a t e  a  r e l a t i v e l y  low l e v e l  o f  
contamination from these compounds. For example, PCB concentrat ions i n  sediments 
of f  Monaco are genera l ly  o f  t h e  order o f  50 ng/g wet weight (Elder  e t  al . ,  19761, a  
l e v e l  t y p i c a l  f o r  coas ta l  sediments away from the  i n f l u e n c e  o f  la rge-sca le  
p o l l u t i o n .  I n  open Mediterranean Sea sediments, concent ra t ions  i n  t he  t o p  
cent imeter  range down t o  roughly 0.3 - 4.5 ng/g wet weight (V i l leneuve e t  al . ,  
1980). The l e v e l s  measured i n  t h e  Oman coas ta l  sediments are  a t  t h e  lower end o f  
t h i s  range. 

The concentrat ions o f  c h l o r i n a t e d  hydrocarbons i n  f i s h  were 
l i v e r  contained an order o f  magnitude more PCB and pplDDE 
however, values were n o t  h i g h  when compared t o  those 
Mediterranean f i s h  ( t a b l e  7; Bernhard, 1978). 

moderate. I n  a l l  cases 
than d i d  muscle t i ssues ;  
i n  s i m i l a r  samples o f  

*High b o i l i n g  deposi ts  remaining on the  GLC column requ i red  extensive bake o u t  t imes 
a t  h igh  temperature between sample i n j e c t i o n s .  This q u i c k l y  destroyed the  column 
and caused extreme s t r e s s  on the  a n a l y t i c a l  system. As b i o l o g i c a l  samples 
genera l ly  conta in  lower b o i l i n g  res idues than sediments from a  g iven area, i t  was 
decided no t  t o  attempt GLC ana lys is  on these sediment samples. 



The s i n g l e  sample o f  musse l s  c o l l e c t e d  n e a r  Raysut c o n t a i n e d  approx imate ly  8 ng/g 
( d r y  we igh t )  o f  PCB a s  Arochlor  1254. Goldberg e t  a l .  (1978)  found PCB l e v e l s  
r a n g i n g  from 3 t o  8700 ng/g ( d r y  we igh t )  i n  musse l s  from t h e  c o a s t a l  Uni ted S t a t e s  
and Marchand e t  a l .  (1976)  r e p o r t e d  v a l u e s  o f  40 - 2700 ng/g ( d r y  we igh t )  i n  s i m i l a r  
s p e c i e s  from t h e  NW Medi te r ranean .  Likewise ,  t h e  l e v e l s  o f  pp'DDE (0.5  ng/q-dry 
we igh t )  i n  musse l s  from Oman a r e  f a r  below t h o s e  ( 2  - 1700 ppb-dry we igh t )  measured 
i n  t h e s e  organisms from t h e  c o a s t a l  United S t a t e s  by Goldberg e t  a l .  (1978) .  The 
d a t a  comparison s u g g e s t s  t h a t  t h e  w a t e r s  o f  s o u t h e r n  Oman a t  p r e s e n t  c o n t a i n  o n l y  
very low l e v e l s  o f  c h l o r i n a t e d  hydrocarbons.  

S i n c e  o y s t e r s  were c o l l e c t e d  from more a r e a s  t h a n  o t h e r  b i o l o g i c a l  samples ,  t h e s e  
r e s u l t s  p r o v i d e  a  wider b a s i s  f o r  comparison. Table  8  g i v e s  r a n g e s  of  c h l o r i n a t e d  
hydrocarbons i n  o y s t e r s  from United S t a t e s  c o a s t a l  w a t e r s ,  France and Kuwait. PCB 
and DOE l e v e l s  i n  t h e  Oman samples  a r e  s i m i l a r  t o  t h o s e  r e p o r t e d  f o r  Kuwait and f a l l  
i n  t h e  low end o f  t h e  r a n g e  q i v e n  f o r  o y s t e r s  from t h e  A t l a n t i c  c o a s t  o f  t h e  Uni ted 
S t a t e s  and France.  

Meta l s  

The r e s u l t s  f o r  t h e  sediment  a n a l y s e s  a r e  q i v e n  i n  t a b l e  9 .  The most noteworthy 
f e a t u r e  is t h e  g e n e r a l l y  h i g h e r  l e v e l s  o f  Cr, Cu, Fe,  Mn, N i  and Zn i n  sed iments  
from t h e  Muscat anchorage a r e a  compared t o  t h o s e  from t h e  o t h e r  l o c a t i o n s  i n  Oman. 
The Muscat anchorage samples  were composed p r i n c i p a l l y  o f  muddy c l a y  and c o n t a i n e d  a  
much h i g h e r  f r a c t i o n  o f  f i n e - g r a i n e d  sed iments .  Concentra t - ions  of t h e s e  p a r t i c u l a r  
e lements  g e n e r a l l y  c o r r e l a t e  p o s i t i v e l y  w i t h  t h e  f i n e - g r a i n e d  f r a c t i o n  of  marine  
sed iments .  Samples from t h e  o t h e r  t h r e e  s i t e s  were s u b s t a n t i a l l y  c o a r s e r  and 
c o n t a i n e d  r e l a t i v e l y  l a r g e  f r a c t i o n s  o f  sand .  The o r d e r  of magni tude h i g h e r  
vanadium c o n c e n t r a t i o n  a t  Mina A 1  F a h a l  Beach c o r r e l a t e s  w i t h  o b s e r v a t i o n s  o f  o i l  
p o l l u t i o n .  R e l a t i v e l y  h igh  l e v e l s  o f  V a r e  o f t e n  a s s o c i a t e d  w i t h  c r u d e  o i l  and Mina 
A 1  Faha l  Beach, which is a d j a c e n t  t o  t h e  Muscat anchorage zone,  r e c e i v e s  a 
s u b s t a n t i a l  amount o f  o i l  s p i l l e d  d u r i n g  t a n k e r  l o a d i n g  o p e r a t i o n s .  Th i s  i n d i c a t i o n  
is s u p p o r t e d  by t h e  r e l a t i v e l y  l a r g e  c o n c e n t r a t i o n  o f  t o t a l  hydrocarbons t h a t  was 
a l s o  found i n  t h e s e  sed iments  ( s e e  t a b l e  4 ) .  

Trace meta l  c o n c e n t r a t i o n s  i n  s u r f a c e  near-shore  sed iments  from Kuwait have been 
r e c e n t l y  r e p o r t e d  ( A n d e r l i n i ,  1982 i n  p r e s s ;  unpubl i shed  r e s u l t s ) .  Those r e s u l t s  
a r e  a l s o  l i s t e d  i n  t a b l e  9  f o r  comparison wi th  t h e  Oman d a t a .  A n d e r l i n i ,  1982, ( i n  
p r e s s )  compared t h e i r  d a t a  w i t h  s e d i m e n t s  from a  wide v a r i e t y  o f  u n p o l l u t e d  world 
a r e a s  and concluded t h a t  t r a c e  m e t a l  c o n c e n t r a t i o n s  observed i n  Kuwait s e d i m e n t s  
were w i t h i n  t h e  r a n g e  o f  v a l u e s  r e p o r t e d  f o r  o t h e r  comparable a r e a s .  Although t h e r e  
is an ample s p r e a d  o f  v a l u e s  among t h e  Oman sed iments  due t o  t h e  v a r i a b l e  sed iment  
compos i t ion ,  t h e  c o n c e n t r a t i o n s  a r e  q u i t e  s i m i l a r  t o  t h o s e  found i n  Kuwait. Only Cd 
and Pb appeared t o  be s l i g h t l y  h i g h e r  i n  Oman sed iments .  Taken c o l l e c t i v e l y ,  t h e  
sed iment  d a t a  s u g g e s t  t h a t  a t  p r e s e n t  t h e r e  is no wide-spread con tamina t ion  o f  t h e  
c o a s t a l  zone by heavy m e t a l s .  

The r e s u l t s  o f  a n a l y s e s  o f  t r a c e  m e t a l s  i n  f i s h  muscle and t h e  one sample  o f  musse l s  
a r e  g iven  i n  t a b l e  10. With t h e  e x c e p t i o n  o f  N i  i n  hamour, t r a c e  m e t a l  
c o n c e n t r a t i o n s  i n  f i s h  muscle a r e  remarkably s i m i l a r  i n  t h e  t h r e e  samples .  The 
r e l a t i v e l y  low meta l  l e v e l s  i n  a l l  f i s h  samples  a r e  t y p i c a l  o f  t h o s e  measured i n  
uncontaminated f i s h  muscle.  Hq c o n c e n t r a t i o n s  a r e  w e l l  below t h e  0 .5  uq/g wet 
weight  l i m i t  e n f o r c e d  by many c o u n t r i e s  a s  t h e  h i g h e s t  a c c e p t a b l e  c o n c e n t r a t i o n  i n  
commercial  f i s h  t i s s u e  ( O f f i c e r  and Ryther ,  1981) .  Comparison o f  m e t a l  d a t a  wi th  
c o n c e n t r a t i o n s  i n  f i s h  measured i n  o t h e r  p o l l u t i o n  s u r v e y s  i n d i c a t e  t h a t  t r a c e  m e t a l  
c o n c e n t r a t i o n s  i n  0mani f i s h  a r e  s i m i l a r  t o  t h o s e  from o t h e r  uncontaminated 
g e o g r a p h i c a l  r e g i o n s  ( ICES, 1974; Bernhard,  1978) .  



During t h e  p a s t  s e v e r a l  y e a r s ,  a v a r i e t y  o f  mussel s p e c i e s ,  i n c l u d i n g  P. p e r n a ,  have 
r o u t i n e l y  been used a s  b i o l o g i c a l  m o n i t o r s  o f  meta l  p o l l u t i o n  (ICES, 1974; Fowler 
and Oreg ion i ,  1976; Goldberg e t  a l . ,  1978; Aissi, 1981; Asso, 1 9 8 1 ) .  Comparison of  
t h e  Oman d a t a  wi th  t h e s e  s t u d i e s  from o t h e r  g e o g r a p h i c a l  a r e a s  i n d i c a t e s  t h a t  
musse l s  i n  t h e  S a l a l a  r e g i o n  a r e  n o t  under  t h e  i n f l u e n c e  o f  meta l  p o l l u t i o n .  

R e s u l t s  o f  a n a l y s e s  o f  o y s t e r  t i s s u e  a r e  g iven  i n  t a b l e  11. The d a t a  a r e  s c a t t e r e d  
and show no major t r e n d s  between t h e  d i f f e r e n t  l o c a t i o n s .  For s e v e r a l  o f  t h e  
e lements  (e .g .  Zn, V ,  Mg, Mn, Cu and Cd) c o n c e n t r a t i o n s  appeared  t o  be s l i g h t l y  
h i g h e r  a t  t h e  more n o r t h e r l y  s t a t i o n s ,  Bukha and Lima, t h a n  t h o s e  i n  t h e  s o u t h ,  
e .g .  , Raysut and Dharai .  However, any a t t e m p t  t o  r e l a t e  t h e s e  c o n c e n t r a t i o n  
d i f f e r e n c e s  t o  i n p u t  is  q u e s t i o n a b l e  s i n c e  t h e  o y s t e r s  from Bukha and Lima c o n t a i n e d  
s i g n i f i c a n t l y  l e s s  l i p i d s  i n  t h e i r  t i s s u e s ,  a  f a c t  which cou ld  l e a d  t o  an i n c r e a s e  
i n  meta l  c o n c e n t r a t i o n  c a l c u l a t e d  on a  d ry  we igh t  b a s i s .  The r e l a t i v e l y  h i g h  Hg 
l e v e l  i n  o y s t e r s  from Ras A 1  Hamra may i n d i c a t e  a  l o c a l  i n p u t  o f  t h i s  meta l .  
However, t h i s  c o n c e n t r a t i o n  f a l l s  w i t h i n  t h e  range  o f  Hg v a l u e s  which have been 
measured i n  s i m i l a r  s p e c i e s  o f  A t l a n t i c  o y s t e r s  (Alz ieu  e t  a l . ,  1976; E s t a b l i e r ,  
1978) .  The c a u s e  f o r  t h e  somewhat e l e v a t e d  Cd c o n c e n t r a t i o n s  found a t  Lima and 
Dharai  is unknown. I t  may merely be a  r e f l e c t i o n  o f  h i g h  n a t u r a l  l e v e l s  o f  t h e  
e lement  i n  t h e  s u r r o u n d i n g  environment.  However, bo th  a r e a s  were con tamina ted  w i t h  
o i l  ( s e e  s e c t i o n  111 o f  t h i s  r e p o r t )  and a s  a  r e s u l t  t h e  Cd i n  o y s t e r s  may be  
r e l a t e d  t o  p o l l u t i o n  by t a n k e r  washings i n  t h e  a r e a .  F u t u r e  s t u d i e s  s h o u l d  examine 
t h e s e  a s p e c t s  i n  g r e a t e r  d e t a i l .  With r e s p e c t  t o  t h e  remain ing  e l e m e n t s  where 
comparisons  can be made, t h e  m a j o r i t y  o f  t h e  v a l u e s  l i s t e d  i n  t a b l e  11 a r e  s i m i l a r  
t o  background c o n c e n t r a t i o n s  o f  t h e  same e lements  r e p o r t e d  i n  A t l a n t i c  Coast  o y s t e r s  
sampled d u r i n g  t h e  United S t a t e s  Mussel Watch Programme (Goldberg e t  a l . ,  1978) .  

For comparison, t a b l e  11 a l s o  c o n t a i n s  meta l  v a l u e s  f o r  r o c k  o y s t e r s  from two 
s t a t i o n s  i n  Kuwait ( A n d e r l i n i ,  u n p u b l i s h e d ) .  The d a t a  show t h a t  o y s t e r s  from Oman 
c o n t a i n  somewhat h i g h e r  c o n c e n t r a t i o n s  o f  Ag, Cd, Co, N i ,  Pb and V t h a n  o y s t e r s  
l i v i n g  a t  t h e  n o r t h e r n  end o f  t h e  Gulf .  However, s i n c e  o y s t e r s  g e n e r a l l y  d i s p l a y  
s t r o n g  s e a s o n a l  v a r i a t i o n s  i n  t h e i r  m e t a l  c o n t e n t  ( P h i l l i p s ,  1980) ,  d i r e c t  
comparisons  even between t h e  same s p e c i e s  c o l l e c t e d  i n  d i f f e r e n t  s e a s o n s  are 
d i f f i c u l t  t o  make. 

V CONCLUSIONS 

The r e s u l t s  o f  t h e s e  s t u d i e s  c a r r i e d  o u t  i n  Oman's c o a s t a l  w a t e r s  conf i rm t h a t  o i l  
p o l l u t i o n  by t a n k e r s  o p e r a t i n g  o f f s h o r e  and a c c i d e n t a l  d i s c h a r g e  o f  o i l  d u r i n g  
t a n k e r  l o a d i n g  o p e r a t i o n s  i n t r o d u c e  l a r g e  q u a n t i t i e s  o f  c r u d e  o i l  i n t o  t h e  c o a s t a l  
ecosystems.  Data from t h e  chemica l  a n a l y s e s  o f  o y s t e r s  were c o n s i s t e n t  w i t h  beach 
t a r  o b s e r v a t i o n s  and showed a  t r e n d  of  i n c r e a s i n g  o i l  p o l l u t i o n  from t h e  c o u n t r y ' s  
s o u t h e r n  border  t o  t h e  S t r a i t  o f  Hormuz. L o c a l l y  h i g h  c o n c e n t r a t i o n s  o f  tar were 
s e e n  i n  a r e a s  n e a r  t h e  t a n k e r  l o a d i n g  f a c i l i t i e s  i n  Muscat. These t r e n d s  were much 
more obv ious  from t h e  beach t a r  d a t a  t h a n  from t h e  chemica l  a n a l y s e s  o f  
env i ronmenta l  samples .  

With r e s p e c t  t o  ha logena ted  hydrocarbons and heavy m e t a l s ,  l e v e l s  a r e  r e l a t i v e l y  low 
i n  Oman samples compared t o  t h o s e  from o t h e r  more i n d u s t r i a l i z e d  a r e a s  o f  t h e  world .  

The major p o l l u t i o n  problems i n  Oman appear  t o  a r i s e  from i n t e r m i t t a n t  d i s c h a r g e s  o f  
c r u d e  o i l  t o  t h e  s e a  s u r f a c e .  The chemica l  compositor) o f  t h e  Middle E a s t e r n  c r u d e s  
and l o c a l  m e t e o r o l o g i c a l  c o n d i t i o n s  a r e  most l i k e l y  r e s p o n s i b l e  f o r  t h e  r e l a t i v e l y  



quick  removal o f  s p i l l e d  o i l  from t h e  ocean s u r f a c e .  F a s t  r a t e s  o f  e v a p o r a t i o n  of 
l i g h t  f r a c t i o n s  and photo-chemical  condensa t ion  r e a c t i o n s  i n c r e a s e  t h e  weight  of  o i l  
r e s i d u e s  t h u s  c a u s i n g  t h e  remaining t a r  t o  a g g r e g a t e  and s i n k .  Thus, most of  t h e  
o i l  t h a t  r e a c h e s  t h e  c o a s t  a r r i v e s  a s  heavy s o l i d  o r  semi -so l id  t a r  lumps. These 
can be c o l l e c t e d  and weighed f o r  a s s e s s i n g  c o a s t a l  p o l l u t i o n  l o a d s .  Chemical 
a n a l y s e s  o f  b i o l o g i c a l  and o t h e r  env i ronmenta l  samples  conf i rmed t h e s e  g e n e r a l  
t r e n d s .  One a s p e c t  o f  t h e  env i ronmenta l  sampling t h a t  made i n t e r p r e t a t i o n  o f  t h e  
b i o l o g i c a l  d a t a  d i f f i c u l t  is t h a t  t h e r e  appeared t o  be  more t h a n  one s p e c i e s  o f  rock  
o y s t e r  sampled. U n f o r t u n a t e l y ,  s p e c i e s  i n d e n t i f i c a t i o n  a s  C. m a r g a r i t a c e a  was based 
o n l y  on t h e  sample from Ras A 1  Hamra. Visua l  o b s e r v a t i o n s  o f  morpho log ica l  f e a t u r e s  
s u g g e s t e d  t h a t  t h e  su rvey  d e a l t  wi th  a t  l e a s t  two s p e c i e s .  For example, 
s i m i l a r i t i e s  were g r e a t  between o y s t e r s  from Bukha, Lima and Dawwah. The o y s t e r s  
from Ras A 1  Hamra and Raysut appeared s i m i l a r  b u t  d i f f e r e d  s l i g h t l y  i n  s h e l l  s h a p e  
from t h e  f i r s t  group. The Dharai  o y s t e r s  had much t h i c k e r  s h e l l s  t h a n  o t h e r  o y s t e r  
samples  and t h e i r  mant le  t i s s u e  had a  b l u i s h  c o l o u r  which was n o t  s e e n  i n  o t h e r  
samples .  The f a c t  t h a t  t h e  o y s t e r s  from Bukha and Lima b o t h  had s i g n i f i c a n t l y  lower  
l i p i d  c o n c e n t r a t i o n s  t h a n  t h e  o t h e r  samples  l e n d s  some c r e d e n c e  t o  t h e  v i s u a l  
d i f f e r e n t i a t i o n .  

VI RECOMMENDATIONS 

I n  t h e  c o n t e x t  o f  t h i s  p i l o t  s t u d y ,  s e v e r a l  s u g g e s t i o n s  a r e  g i v e n  f o r  c o n s i d e r a t i o n  
i n  d e s i g n i n g  f u t u r e  a s s e s s m e n t s  o f  p o l l u t i o n  i n  Oman's c o a s t a l  wa te r s .  

1. Tar s u r v e y s  o f  t h e  si tes shou ld  be  c a r r i e d  o u t  a t  l e a s t  s e a s o n a l l y  f o r  a  
comple te  y e a r  t o  conf i rm t h e s e  p r e l i m i n a r y  o b s e r v a t i o n s  and t o  a s s e s s  t h e  t empora l  
v a r i a b i l i t y  o f  t a r  l o a d s  on t h e  beaches .  A d d i t i o n a l  sampl ing  s i t e s  such  a s  Ras A 1  
Hadd, Ras Madraka and Ras S a u q i r a ,  s h o u l d  be i n c l u d e d  t o  ex tend  t h e  coverage  t o  t h e  
l a r g e  a r e a s  o f  t h e  c o a s t  n o t  sampled i n  t h i s  s u r v e y .  

2. Assessment o f  ambient water q u a l i t y  w i t h  r e s p e c t  t o  d i s s o l v e d / d i s p e r s e d  
hydrocarbons and o t h e r  p o l l u t a n t s  cou ld  be made by u s i n g  b i v a l v e  s h e l l f i s h  s u c h  a s  
rock  o y s t e r s  a s  i n d i c a t o r  s p e c i e s .  These organisms a r e  i d e a l  s i n c e  t h e y  appear  t o  
i n h a b i t  t h e  e n t i r e  c o a s t  o f  Oman and a r e  found i n  o t h e r  a r e a s  o f  t h e  Gulf a s  well. 
I f  t h e  organisms a r e  c a r e f u l l y  c o l l e c t e d ,  t a k i n g  p r e c a u t i o n s  n o t  t o  con tamina te  t h e  
samples  w i t h  t h e  v a r i o u s  p o l l u t a n t s  o f  i n t e r e s t ,  t h e  same samples  cou ld  be  used f o r  
c h l o r i n a t e d  hydrocarbon and heavy m e t a l  a n a l y s e s .  However, a s  no ted  i n  t h i s  s u r v e y ,  
t h e r e  appeared  t o  be more t h a n  one s p e c i e s  o f  o y s t e r  a v a i l a b l e  i n  t h e  c o a s t a l  a r e a s  
sampled. P o l l u t a n t  c o n t e n t  v a r i e s  wi th  s p e c i e s  a s  is e v i d e n t  i n  t h e  d i f f e r e n t  
t i s s u e  c o n c e n t r a t i o n s  of pe t ro leum hydrocarbons ,  c h l o r i n a t e d  hydrocarbons and m e t a l s  
i n  o y s t e r s  and musse l s  c o l l e c t e d  a t  t h e  same sampling s i t e  i n  Raysut.  Thus, t o  
f a c i l i t a t e  comparison of d a t a  from d i f f e r e n t  l o c a t i o n s  i n  Oman and th roughout  t h e  
Gulf r e g i o n ,  a t t e m p t s  shou ld  be made t o  c o l l e c t  t h e  same s p e c i e s .  I n  t h i s  r e p s e c t ,  
t h e  v a r i o u s  s p e c i e s  of  b i v a l v e s  a v a i l a b l e  i n  Oman must b e  i d e n t i f i e d  and t h e i r  
d i s t r i b u t i o n s  noted.  

3. For  an ex tended  moni to r ing  programme, i f  i d e n t i c a l  s p e c i e s  c a n n o t  be  c o l l e c t e d  
a t  each l o c a t i o n ,  exper iments  must be  conducted t o  de te rmine  r e l a t i v e  d i f f e r e n c e s  i n  
up take  and r e t e n t i o n  c h a r a c t e r i s t i c s  o f  d i f f e r e n t  organisms.  Th i s  c o u l d  be  
accomplished by a n a l y s i n g  t h e  d i f f e r e n t  s p e c i e s  from a r e a s  where t h e i r  r a n g e s  
o v e r l a p .  

4. To s t u d y  d e t a i l s  of s p a t i a l  d i s p e r s i o n  o f  s p e c i f i c  d i s c h a r g e s ,  a  moni to r ing  
programme cou ld  use  t r a n s p l a n t s  o f  one s h e l l f i s h  s p e c i e s  a s  a  more uniform 
b i o l o g i c a l  i n d i c a t o r .  



5. Express ion  of  r e s u l t s  o f  o r g a n i c  p o l l u t a n t  a n a l y s i s  on a  l i p i d  weight  b a s i s  
shou ld  h e l p  reduce p o p u l a t i o n  v a r i a t i o n  and a c c e n t u a t e  t r e n d s .  

6. F u r t h e r  s t u d i e s  cou ld  emphasize problems such a s  i n c o r p o r a t i o n  of  t o x i c  
hydrocarbons i n t o  e d i b l e  s p e c i e s ,  e f f e c t s  of  o i l  p o l l u t i o n  on c o a s t a l  ecosystems and 
t h e  t r a n s p o r t  o f  s p e c i f i c  p e s t i c i d e s  th rough  c o a s t a l  environments  i n  a r e a s  o f  heavy 
usage.  

7 .  C o n s i d e r a t i o n  should be g i v e n  t o  t h e  i n c l u s i o n  of sampling s t a t i o n s  n e a r  si tes 
o f  f u t u r e  i n d u s t r i a l ,  a g r i c u l t u r a l  o r  commercial  a c t i v i t i e s .  B a s e l i n e  d a t a  from 
t h e s e  l o c a t i o n s  w i l l  be u s e f u l  i n  a s s e s s i n g  t h e  impact  o f  p o l l u t i o n  a r i s i n g  from 
such  a c t i v i t i e s  i n  f u t u r e  y e a r s .  

8. The p i l o t  s t u d y  i n d i c a t e d  t h a t  c h l o r i n a t e d  p e s t i c i d e s  a r e  n o t  e n t e r i n g  t h e  
marine  environment  from land-based s o u r c e s  even n e a r  h i g h l y  a g r i c u l t u r a l  a r e a s  e.g.  
S a l a l a .  Th i s  may be a  r e f l e c t i o n  o f  t h e  p r e f e r e n c e  f o r  u s e  o f  organophosphorus  
p e s t i c i d e s  i n  t h e s e  a r e a s  and some c o n s i d e r a t i o n  shou ld  be  g i v e n  i n  t h e  f u t u r e  t o  
examining t h e  p resence  o f  t h e s e  compounds i n  marine  samples .  

9. T h i s  s t u d y  emphasized a n a l y s i s  f o r  o n l y  s e l e c t e d  con taminan t s .  To d iagnose  
o t h e r  p o t e n t i a l  p o l l u t a n t s  and more d e t a i l e d  a s p e c t s  of t h e  problems i d e n t i f i e d ,  
more s o p h i s t i c a t e d  a n a l y s i s  such  a s  combined g a s  chromatography-mass s p e c t r o m e t r y  
s h o u l d  be conducted on s e l e c t e d  samples .  
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Table 1 : Q u a n t i t i e s  of t a r  on beaches of the Sultanate of Oman. Mean 
values for  each beach a r e  given in  g tar/metre of shoreline.  

Sta t ion Date (1980) Transect (m) Tar (g )  ( X  g/m shore) 

1. Bukha 

2. Bukha* 3/10 50 174.0 775* 
(3  km north) 50 304.0 

50 1211 .O 
50 1413 .O 

3. Lima 

4. Shinas 

5. A 1  Khabura 

visual ly  
assessed 

6. A 1  Qurum 26/09 42 45.0 
43 28 .O 
45 17.5 

7. Ras A 1  Hamra 1/10 16 61 .O 
12 32 .O 
15 15 .O 

8. Mina A 1  Fahal 29/9 25 3166.5 
25 325.0 
25 71.5 

9. Dahrai 2/10 3 5 28.0 
(Masira) 35 213.0 

3 5 152.0 
35 162.0 

10. Taquah 

11. Maghsail 25 2.0 15 
25 3 .O 
25 54.0 
25 1.5 

*These values should be multiplied by a fac to r  of 3 t o  get  est imates of t o t a l  amount 
of t a r  per metre of shoreline.  See t ex t  fo r  explanation. 



Table 2  : Est imates  of s t and ing  s t o c k  of t a r  on beaches of t h e  S u l t a n a t e  
of Oman dur ing t h e  per iod  26 September t o  3 October 1980. 
Values do not  inc lude  i s l a n d s  and a r e  e x t r a p o l a t i o n s  f o r  r e g i o n s  
based on d a t a  c o l l e c t e d  from i n d i v i d u a l  beaches t y p i c a l  of a  
given region.  

Region Beach length* Tar (g/m) Standing s t o c k  
(No. r e f e r e s  t o  l o c a t i o n  (km) ( tonnes)  

i n  f i g u r e  1 )  

Gulf s i d e  

1. Bukha 
2. Bukha ( 3  km n o r t h )  

Gulf of  Oman - 
Arabian Sea s i d e  

3. Lima 
4. Shinas  
5. A 1  Khabura 

6.  A 1  Qurum, and (average  of 
7. Ras A 1  Hemra two sample 85 33 2.80 

s i t e s )  
8. Mina A 1  Fahal  20 11 88 23.76 

Muscat-Ras A 1  Hadd? 195 3 3 6.44 

Ras A 1  Hadd-Ras Madraka 580' 
( i .e .  9. Masira I s l a n d )  

Ras Madraka-Y emen border  690 
( i . e .  10. Taquah, and 

11. Maghsail) - 
TOTAL LENGTH : 1968 km TOTAL TAR: 440 tn .  

* Estimated by p lanimeter  measurements of French hydrographic c h a r t s .  
**Tar ( g h )  e s t i m a t e  based on t h a t  from S t a t i o n s  6 and 7. 



Table 3 : Comparison o f  t a r  concentrat ions repor ted f o r  d i f f e r e n t  wor ld  
areas. Most values i n  g/m o f  shore l ine  except those designated 
by * which are  computed i n  g/m o f  beach surface. N.C. means 
n o t  computed . 

Locat ion Tar (g/m shore) Reference 
Range Average 

U.S.A. 
East coast 
West coast 

Canada 
West coast 0 0.043 0.023 45 

1-130 N.C. 14 Bahama Is lands  

Bermuda 1971-1972 
1978-1979 

N.C. Caribbean Is lands  

Mediterranean & Red Sea 

Egypt 
Ma1 t a  

43 
r e f e r r e d  t o  

i n  43 
r e f e r r e d  t o  

i n  43 
6 

I s r a e l  

E i l a t  coast 6,000 maximum 

I n d i a  
West coast 
East  coast 

N.C. r e f e r r e d  t o  
i n  13 

3 

East A f r i c a  

Kuwait 

t h i s  work Oman 



Table 4 : Total hydrocarbons in environmental samples from Sultanate of Oman. Fly Fny F, are fractions 
eluted from column chromatography procedures as explained in text. 

Sample Type Total extractable hydrocarbons m wet mg Total hydrocarbons 
Fl '2 '3 wt l ip id  

( r e )  ( re)  ( re)  rg/e wet ng/g l ip id  

SEDIMENTS 

Raysut 11 (outside harbour) sandy clay 112 97. 155 47 3.7 7.7 98.1) 

12 (outside harbour) sandy clay 55 140 140 39 3.8 8.6 88.1 

13 (harbour entrance) fine clW mud 135 300 305 39 9.3 19.0 79.6 

Dawah 

Muscat anchorage 11 

Ã 2 

Mina A l  Fahal beach 

Khasab Bay, flormuz 

FISH TISSUES 

Salala 

Lethrinua nebuloau 
' ( B O B r e w *  or hLiaka) 

Salala 

SHELLFISH TISSUE 

mussels Raysut 

oysters Raysut 

Dahrai 

Bas A 1  Jlamra 

Lima 

sand . 

sandy clay 

sandy clay 

sand 

sand 

muscle 
l iver 

. muscle 
l iver 

muscle 
l iver 

'presumed to be b lopnic  lipids 



Table 5 : Resul ts  of gas  chromatog aphic analyses  of hydrocarbon f r a c t i o n s  from o y s t e r  e x t r a c t s  expressed -2 a s  *uq/q wet tissue (10 ) o r  **ng/g ( 1 0  ). Resolved peaks were q u a n t i f i e d  by comparison t o  
t h e  ex te rna l  s tandard c l o s e s t  i n  b o i l i n g  point  i n  t h e  C t o  C b o i l i n g  range. Unresolved 12 
components (URE) were quan t i f i ed  by using an average response f a c t o r  over the  appropr ia t e  b o i l i n g  
range (analyses  were done on a 20 m WCOT g l a s s  column coated with SE-52, helium c a r r i e r  gas ,  
temperature programme 50Â t o  260Â°C 3O/min p l u s  260Â hold, on-column i n j e c t i o n ,  flame i o n i z a t i o n  
detec t ion .  Erba Fractovap.) 

Oysters unresolved resolved h.c. C12 t o  C35 l i p i d  n-C15 n-Cl7 p r i s t m e  ~ c 1 8  phytane ~ h y t a n e  URE c18 %URE 

Fl* F2* Fl* F2* ng/g wet mg/g l i p i d  % #* * Ãˆ Ã‡ C18 c18 

Dawwah 13.0 5.1 1.3 0.6 19.9 2.3 0.9 63.3 50.9 14.4 7.6 4.9 0.6 1 . 7  91 

Dahrai . 2.5 5.8 2.1 5.6 16.0 1.2 1.3 43.3 64.7 17.0 7.8 . 1.9 0.2 0.0 52 

Ras A 1  Hamra 8.9 7.5 1 .3  0.9 18.4 1.4 1.4 79.9 81.6 28.8 7 . 9 ,  7.4 0.9 0.9 90 

Lima 7.5 5.3 0.5 0.3 13.6 4.1 0.3 25.0 23.1 9.1 2.3 14.1 6.1 5.1 94' 

Bukha 6.0 3.1 0.5 0.3 9.9 3.0 0.3 9.5 27.8 9.8 3.0 10.4 3.5 0.8 86 



Table 6 : Comparison of gravimetric and gas chromatographic determinations of total 
hydrocarbons in oyster extracts 

Total pg hydrocarbons pg/g wet wt 
Oysters . Description based on g.c. 

c12 c35 
gr av. g.c. grav. 

Blank 

Raysut 

Ras A l  Hamra 

few low boiling peaks from 
extraction solvents. 

biogenics with small amount of 
degraded petroleum C12 t o  C32 
range underneath. M a x .  a t  C21. . 

mostly biogenice with small back- 
ground highly degraded petroleum 
C12 t o  C33. M a x .  C20. 

degraded petroleum C13  t o  C35+ 
max. URE a t  C25. 

degraded crude o i l  C15 t o  C33 
max. URE a t  C20. 

Lime, Fl 273 24 5 8.0 7 2 very degraded crude o i l  C 1 3  t o  
C35+ boiling range. M a x .  a t  

F2 191 125 5-6 3.7 620. Few biogenics. 

Bukha Fl 209 385 6.5 11.~9 very degraded crude o i l  C13  t o  
C35+.. Max. URE a t  C23. 

F2 132 55 3-4 1.7 



Table 7 : Results o f  analyses f o  ch lo r ina ted  hydrocarbons expressed as *ng/g wet weight ( 1 0 )  o r  
**pq/g wet weight (10 -I2) and comparison w i t h  s i m i l a r  measurements on samples from the 
~ e d i t e r r a n e a n  reported i n  Elder  e t  a l .  (19761, Vi l leneuve e t  a l .  (1980) and Marchand e t  a l .  
(1976). (Analyses were done on a Varian 3700 g.c. equipped w i t h  a 25 m WCOT SE-52 column, NÃ , 
c a r r i e r  gas, e lec t ron  capture detect ion.  Temperature programmed 110"-210" a t  aO/min). 
Mediterranean values f o r  tuna and oys ter  from ~ l d e r ,  Fowler and V i l leneuve (unpublished r e s u l t s ) .  

Sample PCB as  PCB i n  samples H. C.B. ** LindaneB* pplDDE** pplDDD** pp8DDl'** hochlor 1254* from the Med. * 

SEDIMENTS 

Raysut $1 (outs ide  harbour)  

$2 (outs ide  harbour) 

# 3  (harbour en t rance)  

Dawwah 

Muscat anchorage #1 

a 2 
Mina A 1  Fahal Beach 

Khasab Bay, Hormuz 

FISH TISSUES 

E. tauvina 
- (Salalaj 

L. nebulosus - 
(Sa l a l a )  

L. n e b u l ~ s u ~  - 
(Masira) 

SHELLFISH TISSUE 

Mussels Raysut 

Oysters Raysut 

Dahrai 

Dawah 

Ras Al 

Lima 

Bukha 

muscle 
l i v e r  

muscle 
l i v e r  

muscle 
l i v e r  

Hamra 

coas t a l  
sediments : 

open sea:  
0.30 - 4.5 

t una  muscle: 
5.3 - 95.1 

tuna  l i v e r :  
185 - 1130 

310 ng/g * 

(dry  weight) 



Table 8 : Ranges of PCB and DDE l e v e l s  i n  oysters from different: 
geographical areas 

Location PCB (~ roch lo r  125k) pp 'DDE Reference 

n d g  dry w e t  

United S t a t e s  
(Atlantic Coast ) 

France 
(Atlantic Coast ) 

This study 

Anderlini et al. 
T l 9 m  

Based on a dry veight/wet weight ratio = 0.1 
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Table 10 : Results of trace metal analyses of fish and mussel tissues. Values are mean concentrations 
in ug/g (ppm) dry weight of duplicate analyses. 

FISH MUSCLE 

E.  tauvina 
- (SalalaV 
L. nebulosus - 

( Salala) 

L. nebulosus 
- ('Dawwah) 0.01 

MUSSELS ( s o f t  part#) 

P. perna L. - 
(Raysut ) 

ND = not detected 
- = insuf f i c i ent  sample for analysis  
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Figu re  l a  : C o a s t a l  s t a t i o n s  sampled i n  t h e  S u l t a n a t e  of  Oman du r ing  t h e  
pe r iod  26 september t o  3 October 1980 
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Figure  l b  : Locat ions  i n  t h e  Su l tanate  o f  Oman where sediment and b i o t a  
were sampled 



Fig. 2. Typical beach transect used for tar ball survey. 

Fig. 3. Large tar ball on Bukha Beach. 



Fig. 4. Large tar balls found above high-tide mark 
on beach 3 k m  north of Bukha. 

Fig. 5 (a). Aerial view of oil slicks at sea off the coast 
of the Musandam Peninsula, 3 October 1980. 



Fig. 5 (b). Aerial view of oil slicks at sea o f f  the coast of the Musandam Peninsula, 
3 October 1980. 

Fig. 6 .  Fresh tar on upper beach face at Shinas. 



Fig. 7 (a). A1 Khabura, band of  litter. 

Fig. 7 (b). A1 Khabura, tar sievefrom litter. 



Fig. 8 (a). Banding of tar along high-tide mark at A1 Khabura. 
(close- up). 

Fig 8 (b), Extended I liew along beach face. 



Fig. 9 (b). Tar washing ashore at Mina A1 Fahal 
fresh flat lump in swash zone. 

Fig. 9 (a). Tar washing ashore at Mina A1 Fahal 
lumps in intertidal zone. 



Fig. 9 (c). Tar washing ashore at Mina A1 Fahal 
numerous small lumps in surf zone. 

Fig. 9 (d). Tar washing ashore at Mina A1 Fahal 
rounded lumps in intertidal zone. 



Flg. 10 (a). Oil spill near Muttrah harbour on 28 September 1980 
floating patch of fresh oil. 

Fig. 10 (b). Oil spill near Muttrah harbour on 28 September 1980 
collection offloating patches. 



Fig. 11. Large tar balls observed at Dahrai Beach on Masira Island. 

Fig. 12. Maghsail Beach - tar balls and dead lobsters collected 
by a local fisherman during the monsoon season. 
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