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Oil p o l l u t i o n in L ibyan coas t a l w a t e r s was i n v e s t i g a t e d u s i n g 
c h e m i c a l and e c o l o g i c a l a p p r o a c h e s . C h e m i c a l a s s e s s m e n t of 
p e t r o l e u m h y d r o c a r b o n s (HCs) showed tha t l e v e l s of oi l p o l l u t i o n 
were l i n k e d to l o c a l i s e d s o u r c e s such as coas t a l r e f i n e r i e s and 
s e a p o r t s . C o n c e n t r a t i o n s of HCs were up to 33 p p m in s e a w a t e r 
and up to 660 ppm in s e d i m e n t s near to coa s t a l o i l r e f i n e r i e s . 
P o s s i b l e m e a s u r e s to r e d u c e i npu t s f r o m such s o u r c e s were 
i n v e s t i g a t e d by d e t e r m i n i n g l o n g - t e r m c h a n g e s in HCs in 
s e d i m e n t s in S o u t h a m p t o n Wate r f o l l o w i n g i m p r o v e m e n t s to 
c o o l i n g w a t e r m a n a g e m e n t at the F a w l e y r e f i n e r y . T h e s e c h a n g e s 
r e s u l t e d in a r e d u c t i o n of s e d i m e n t HCs of ca. 50% b e t w e e n 1978 
and 2 0 0 1 . S imi l a r i m p r o v e m e n t s cou ld be m a d e in L ibya to 
r e d u c e HCs p o l l u t i o n f r o m r e f i n e r i e s but the t i m e s c a l e f o r such 
r e d u c t i o n s c a n n o t c u r r e n t l y be p r e d i c t e d a c c u r a t e l y . 

D e t e r m i n a t i o n of the d e p o s i t i o n of oil on sandy b e a c h e s s h o w e d 
t h a t ta r b a l l s were d e p o s i t e d m a i n l y b e t w e e n 2 m and 16 m f r o m 
the w a t e r ' s edge . The a v e r a g e c o n c e n t r a t i o n of t a r b a l l s on the 
m o s t p o l l u t e d b e a c h was 24 gm"^. D e p o s i t i o n of o i l on r o c k y 
s h o r e s r e s u l t e d in c o n s i d e r a b l e s m o t h e r i n g of the s u b s t r a t e and 
a c c o u n t e d fo r up to 38 % of s u r f a c e a rea on r o c k y s h o r e s c l o se to 
T r i p o l i , p r o b a b l y as the r e s u l t of sma l l oi l s p i l l a g e s du r ing 
r o u t i n e s e a p o r t a c t i v i t i e s and the d i s p o s a l of m u n i c i p a l and 
i n d u s t r i a l s e w a g e . 

The i m p a c t of oil p o l l u t i o n on rocky shore c o m m u n i t i e s was 
d e t e r m i n e d by c o m p a r i n g the a b u n d a n c e of m a j o r s p e c i e s on 
r o c k y s h o r e s at s i tes in h e a v i l y p o l l u t e d and less p o l l u t e d 
r e g i o n s . R o c k y s h o r e s in p o l l u t e d a reas were c h a r a c t e r i s e d by 
v e r y low s p e c i e s a b u n d a n c e , w i th f a r g / Z a sp. , fo r e x a m p l e , b e i n g 
p r e s e n t at l e ss than 20 i n d i v i d u a l s m'^ on rocky s h o r e s n e a r to 
T r i p o l i . S p e c i e s a b u n d a n c e on rocky sho re s was n e g a t i v e l y 
r e l a t e d to the p r o p o r t i o n of s u b s t r a t e s m o t h e r e d by t a r d e p o s i t s . 

The i m p l i c a t i o n s of the f i n d i n g s of t h i s s tudy f o r t h e p r o t e c t i o n 
of the L i b y a n coas t a g a i n s t the i m p a c t s of oi l p o l l u t i o n are 
d i s c u s s e d and p r i o r i t i e s fo r m i t i g a t i o n are s u g g e s t e d . 
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CHAPTER ONE: INTRODUCTION 



C h a p t e I O n e : I n t r o d u c t i o n 

1 .1 G e n e r a l O v e r v i e w 

The i m p o r t a n c e of s t u d y i n g oi l p o l l u t i o n in L i b y a a r i s e s f r o m 

t h r e e m a i n r e a s o n s . F i r s t l y , t h e r e is very l i t t l e k n o w n abou t oil 

p o l l u t i o n in L ibya i n t e r n a t i o n a l l y and even in t h e c o u n t r y i t s e l f . 

S e c o n d l y , as a m a j o r oil p r o d u c e r and e x p o r t e r , L ibya is more 

v u l n e r a b l e to oil p o l l u t i o n than o t h e r c o u n t r i e s in the r e g i o n . 

T h i r d l y , it has one of the l o n g e s t c o a s t l i n e s in t he 

M e d i t e r r a n e a n , L ibya is t h e r e f o r e ve ry i m p o r t a n t w i t h i n the 

M e d i t e r r a n e a n c o n t e x t (Al l et al, 1998) , in w h i c h a b o u t 27% of 

oi l e x p o r t i n g p o r t s in th i s sea are l o c a t e d ( E l a z z a b i , 1992) . 

The t h r e a t of oi l p o l l u t i o n can be e v a l u a t e d in t h e c o n t e x t of 

the w e s t e r n c o a s t a l r e g i o n of L ibya ( T r i p o l i t a n i a ) . T h i s r e g i o n 

is the m o s t p o p u l a t e d in the c o u n t r y on wh ich m a n y s e a p o r t s , 

o i l - p r o c e s s i n g i n d u s t r i e s , and p o l l u t i o n s o u r c e s a re l o c a t e d (Al i 

et al, 1998). Th i s r e s e a r c h s t u d i e d the p r o b l e m of oil p o l l u t i o n 

in t h i s c o a s t a l r e g i o n , w h i c h is abou t 500 km l o n g , as an 

e x a m p l e of the e n t i r e L i b y a n c o a s t . 

The o b j e c t i v e s of t h i s r e s e a r c h are to i n v e s t i g a t e the p r o b l e m of 

oi l p o l l u t i o n on the L ibyan c o a s t f r o m d i f f e r e n t a s p e c t s . F i r s t l y , 

s t u d y i n g t he s o u r c e s and the i n p u t s of oil p o l l u t i o n . S e c o n d , 

e v a l u a t i o n of the l e v e l s of p e t r o l e u m h y d r o c a r b o n s in s e a w a t e r 



and s e d i m e n t s and s t u d y i n g t h e i r g e o g r a p h i c a l d i s t r i b u t i o n 

p a t t e r n s in the s tudy a rea . T h i r d , s t u d y i n g the d e p o s i t i o n of oil 

on c o a s t a l h a b i t a t s and i d e n t i f y i n g the a f f e c t e d a r e a s . F o u r t h , 

a s s e s s i n g the i m p a c t of oi l p o l l u t i o n on rocky s h o r e 

c o m m u n i t i e s as an e x a m p l e of the i m p a c t on t h e c o a s t a l 

h a b i t a t s . 

1.2 O i l p o l l u t i o n in t h e m a r i n e e n v i r o n m e n t 

The i m p o r t a n c e of the s tudy of oi l in the m a r i n e e n v i r o n m e n t 

a r i s e s f r o m two o p p o s i n g a s p e c t s of m a n ' s a c t i v i t i e s . One is the 

p o l l u t i o n a r i s i n g f r o m a c t i v i t i e s u n d e r t a k e n to m e e t m a n ' s 

n e e d s , and the s e c o n d a s p e c t is the d e s i r e to p r e s e r v e l i v i n g 

m a r i n e r e s o u r c e s and b i o d i v e r s i t y f o r c u r r e n t u s e and as a l e g a c y 

fo r f u t u r e g e n e r a t i o n s . 

Oi l p o l l u t i o n on a s u b s t a n t i a l s c a l e c o m m e n c e d w i t h the 

i n t r o d u c t i o n of oil as a s o u r c e of f u e l fo r s h i p p i n g . Oi l p o l l u t i o n 

i n c r e a s e d as the d e m a n d s of i n d u s t r y r e q u i r e d t h e c a r r i a g e of 

ca rgo a c r o s s w a t e r w a y s ( N a t i o n a l R e s e a r c h C o u n c i l , 1985 ) . As 

the w o r l d e c o n o m y has b e c o m e m o r e d e p e n d e n t u p o n 

i n t e r n a t i o n a l t r a d e , the r a t e s of s h i p p i n g g o o d s b e t w e e n 

c o u n t r i e s have g r o w n . Th i s i n c r e a s e has led to t w o m a j o r 

s o u r c e s of oil p o l l u t i o n : the o p e r a t i o n a l d i s c h a r g e and t he 

a c c i d e n t a l s p i l l a g e of c r u d e oi l and oi l p r o d u c t s ( C l a r k , 2 0 0 1 ) . 



1 .2 .1 S o u r c e s a n d i n p u t s of oi l to m a r i n e e n v i r o n m e n t s 

Oil e n t e r s the m a r i n e e n v i r o n m e n t v ia a n u m b e r of d i f f e r e n t 

p a t h w a y s . T h e s e i n c l u d e n a t u r a l and a n t h r o p o g e n i c s o u r c e s 

( N a t i o n a l R e s e a r c h C o u n c i l , 1985) , each of w h i c h c o n t r i b u t e to 

the t o t a l i n p u t on a g l o b a l b a s i s ( T a b l e 1.1) . 

Tanker accidents 

Some oi l t a n k e r a c c i d e n t s are ve ry l a rge and h u g e q u a n t i t i e s of 

c r u d e oi l and oil p r o d u c t s sp i l l out to the s e a w a t e r c a u s i n g g rea t 

d a m a g e to the m a r i n e e n v i r o n m e n t (A t i a , 1993 ; C l a r k , 2 0 0 1 ) . 

T a n k e r a c c i d e n t s , u s u a l l y , are due to h u m a n m i s t a k e s , and 

u s u a l l y h a p p e n nea r to s h o r e s , in n a r r o w s t r a i t s , and nea r 

e n t r a n c e s to p o r t s w h e r e the d e n s i t y of s h i p p i n g is h i g h 

( E l a z z a b i , 1992) . 

Natural sources 

A l t h o u g h the d e f i n i t i o n " n a t u r a l s o u r c e " may s u g g e s t t h a t t h i s 

s h o u l d no t be c o n s i d e r e d as s o u r c e of p o l l u t i o n , the n a t u r a l 

o c c u r r e n c e of oi l in the m a r i n e e n v i r o n m e n t c a n c a u s e 

e n v i r o n m e n t a l p r o b l e m s t h r o u g h a d d i t i o n s to o t h e r i n p u t s s u c h 

as t a n k e r a c c i d e n t s and i n d u s t r i a l s ewage ( D o m o v i c , 1992 ) . 



T a b l e 1 .1 E s t i m a t e d w o r l d i n p u t s of p e t r o l e u m h y d r o c a r b o n s 

to t h e sea ( C l a r k , 2 0 0 1 ) . 

S o u r c e S o u r c e t y p e 

E s t i m a t e d i n p u t 

( m i l l i o n t o n n e 

y e a r ' ' ) 

T o t a l 

( m i l l i o n 

t o n n e y e a ^ ' ) 

T r a n s p o r t a t i o n T a n k e r o p e r a t i o n s 0.163 

T a n k e r a c c i d e n t s 0.162 

B i l g e w a t e r a n d f u e l 

o i l s 

0.524 

D r y d o c k i n g 0 . 0 0 9 4.630 

N o n - t a n k e r a c c i d e n t s 0.020 

S c r a p p i n g o f s h i p s 0 . 0 0 2 

A t m o s p h e r i c 

e m i s s i o n s 

3.750 

F i x e d C o a s t a l r e f i n e r i e s 0 . 1 0 

i n s t a l l a t i o n s O f f s h o r e p r o d u c t i o n 0 . 0 5 

M a r i n e t e r m i n a l s 0 . 0 3 0.180 

Other s o u r c e s M u n i c i p a l w a s t e 0 . 7 0 

I n d u s t r i a l w a s t e 0 . 2 0 

U r b a n r u n - o f f 0.12 

R i v e r r u n - o f f 0 . 0 4 

A t m o s p h e r i c f a l l - o u t 0.30 
1.380 O c e a n d u m p i n g 0 . 0 2 1.380 

?<atural i n p u t s 0.250 

T o t a l 6.440 



Urban runoff 
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Oil p r o d u c t s and l u b r i c a t i o n g r e a s e s are sp i l t on roads and 

g a r a g e f o r e c o u r t s in d i f f e r e n t i n c i d e n t s and by d i f f e r e n t c a u s e s 

e .g . in the m o t o r and t r a n s p o r t i n d u s t r i e s . T h i s is w a s h e d down 

d r a i n s by r a in and it e v e n t u a l l y r e a c h e s the s e a , a d d i n g more 

p e t r o l e u m h y d r o c a r b o n s in s e a w a t e r . Used e n g i n e oi l m i g h t f i n d 

i ts way i n t o d r a i n s d u r i n g oil c h a n g e s by m o t o r i s t s and e v e n , 

s o m e t i m e s , in g a r a g e s . Th i s a l so u l t i m a t e l y e n d s up in the sea . 

Municipal and industrial waste 

In c o a s t a l r e g i o n s , m u n i c i p a l and i n d u s t r i a l w a s t e s are o f t e n 

d i s c h a r g e d in to the sea ( G o l d b e r g , 1 9 7 2 ) . T h e s e w a s t e s , 

d e p e n d i n g on the type of i n d u s t r i a l a c t i v i t y , u s u a l l y c o n t a i n o i l s 

and g r e a s e s even when t r e a t e d p r i o r to d i s c h a r g e , and is t h o u g h t 

to be a c o n s i d e r a b l e s o u r c e of p e t r o l e u m h y d r o c a r b o n s to the 

sea . 

Oil marine terminals 

A c c i d e n t s d u r i n g r o u t i n e oil l o a d i n g o p e r a t i o n s and p i p e l i n e 

l e a k a g e o c c u r f r e q u e n t l y in oi l m a r i n e t e r m i n a l s ( M a g a z z u & 

A n g o t , 1981) . A c c i d e n t a l s p i l l s a l so occur d u r i n g d i s c h a r g e of 

oi l or oi l p r o d u c t s to t h e s e t e r m i n a l s . H u m a n e r r o r , p i p e l i n e 

l e a k a g e , and f a i l u r e of m e c h a n i c a l d e v i c e s are t h e m a j o r c a u s e s 

of oi l s p i l l s in to the sea f r o m m a r i n e t e r m i n a l s ( T l u b a , 1991 ) . 



Marine workshops and dry docking 

D r y - d o c k i n g is e s s e n t i a l to all sh ips fo r r e p a i r s , c l e a n i n g the 

h u l l , and f o r p e r i o d i c g e n e r a l s e r v i c i n g . Al l o i l is r e m o v e d f r o m 

f u e l t a n k s and ca rgo c o m p a r t m e n t s . Some a m o u n t of the r e m o v e d 

oi l may r e a c h the m a r i n e e n v i r o n m e n t du r ing m a i n t e n a n c e 

o p e r a t i o n s and e n g i n e oil c h a n g e s ( T l u b a , 1 9 9 1 ) . 

Ballast and bilge water 

S h i p s ca r ry b a l l a s t w a t e r u s u a l l y in s p e c i a l t a n k s f o r t h i s 

p u r p o s e , to m a i n t a i n s t a b i l i t y on the h igh s ea s f o l l o w i n g 

u n l o a d i n g , or in bad w e a t h e r . Oil r e s i d u e s in t h e s e t a n k s are 

p u m p e d in to the sea w i t h the b a l l a s t wa te r w h e n d i s c h a r g e d . 

F u r t h e r m o r e , b i l ge w a t e r c o n t a i n s oil f r o m the s h i p ' s e n g i n e . 

T h i s may be d i s c h a r g e d i l l e g a l l y in to the sea e s p e c i a l l y at p o r t s 

tha t do not p r o v i d e r e c e p t i o n f a c i l i t i e s ( T l u b a , 1991) . H o w e v e r , 

t h e r e are m e a s u r e s tha t have been i n t r o d u c e d r e c e n t l y to r e d u c e 

the a m o u n t of oil e n t e r i n g the sea as a r e s u l t o f t h e s e 

o p e r a t i o n s . C o n t a c t b e t w e e n b a l l a s t wa te r and o i l may be 

a v o i d e d by, f o r e x a m p l e , by use of s e p a r a t e c o m p a r t m e n t s f o r oil 

and b a l l a s t w a t e r ( C l a r k , 2 0 0 1 ) . 

Oil refineries 

Oil r e f i n e r i e s d i s c h a r g e w a s t e w a t e r c o n t a i n i n g p e t r o l e u m 

h y d r o c a r b o n s in to the m a r i n e e n v i r o n m e n t ( K n a p , 1978) . S o m e 

r e f i n e r i e s use a s t e a m - c r a c k i n g p r o c e s s in w h i c h w a t e r c o m e s in 



c o n t a c t w i th oil ( C l a r k , 2 0 0 1 ) . The e f f l u e n t in th i s type of 

r e f i n e r i e s , t h e r e f o r e , c o n t a i n s h igh l e v e l s of p e t r o l e u m 

h y d r o c a r b o n s ( D i c k s & I b a l ^ 1981; K n a p , 1988 ; S a v a r ^ 1988) . 

In s o m e m o d e r n r e f i n e r i e s , t h i s has been t a k e n in a c c o u n t in 

t h e i r d e s i g n and oi l does not come in c o n t a c t w i th wa te r w h i c h 

r e d u c e s the a m o u n t of h y d r o c a r b o n in the e f f l u e n t . N e v e r t h e l e s s , 

r e f i n e r i e s r e q u i r e a l a rge v o l u m e of w a t e r and the t o t a l 

d i s c h a r g e of oil in s e a w a t e r , t h e r e f o r e , is not n e g l i g i b l e ( D i c k s 

& I b a l L 1981; K n a p , 1988) . 

Offshore oil production 

The p r o d u c t i o n w a t e r , d r i l l i n g mud , b l o w o u t s , and the i n c i d e n t a l 

d i s c h a r g e of oil are the m a j o r i n p u t s to s e a w a t e r d u r i n g o f f s h o r e 

oil p r o d u c t i o n ( G r a n t & B r i g g s , 2 0 0 2 ) . The p r o d u c t i o n w a t e r is 

the w a t e r t h a t c o m e s w i t h the oil when e x t r a c t e d f r o m b e l o w the 

s e a b e d . Th i s wa te r is o f t e n d i s c h a r g e d in to t h e sea a f t e r 

e x t r a c t i n g the o i l , bu t c o u l d have an o i l c o n t e n t as m u c h as 40 

ppm ( C l a r k , 2 0 0 1 ) . D r i l l i n g mud a l so may c o n t a i n oil and is 

u s u a l l y d u m p e d on the s e a b e d b e n e a t h the p r o d u c t i o n p l a t f o r m s 

( G r a n t & B r i g g s , 2 0 0 2 ) . 

1 .3 O i l s p i l l s : B e h a v i o u r a n d R e s p o n s e 

Mos t of the oil tha t s p i l l s in to the s e a w a t e r is in the f o r m of 

c r u d e o i l . The s p i l l s are e i t h e r due to n a t u r a l l e a k a g e f r o m 

u n d e r g r o u n d s o u r c e s , or due to h u m a n a c t i o n i n c o n n e c t i o n w i t h 
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e x p l o r a t i o n , p r o d u c t i o n , or t r a n s p o r t a t i o n . T h e b e h a v i o u r of 

s p i l l e d oi l d e p e n d s on the o r i g in of the c r u d e o i l , as wel l as the 

w a t e r and air t e m p e r a t u r e , and wind and w a v e c o n d i t i o n s 

( O e b i u s , 1999) . Oil s p r e a d s r a p i d l y ove r a l a r g e a rea ( Q u i n n ef 

oZ, 1994) . The s p r e a d i n g of oil c a u s e s the l i g h t e r f r a c t i o n s of 

the o i l to d i s a p p e a r r a p i d l y by e v a p o r a t i o n , l e a v i n g only the 

h e a v i e r p a r t s in the w a t e r . F i n a l l y , wave a c t i o n m i x e s w a t e r 

i n to t he o i l , f o r m i n g a h e a v y and s t i cky w a t e r - i n - o i l e m u l s i o n 

( C l a r k , 2 0 0 1 ; S h a r m a a / , 2 0 0 2 ) . 

The b e h a v i o u r of the s p i l l e d oil d e t e r m i n e s h o w a c t i o n s h o u l d 

be t a k e n to deal s u c c e s s f u l l y wi th an o i l sp i l l . A m i n i m a l 

r e s p o n s e t i m e , an e f f i c i e n t and f a s t c o n c e n t r a t i o n of the w i d e l y 

s p r e a d o i l , use of s k i m m e r s and p u m p s w h i c h can sk im and suck 

h igh v i s c o s i t y e m u l s i o n s , and an a p p r o p r i a t e t e m p o r a r y s t o r a g e 

c a p a b i l i t y are all r e q u i r e d ( S h e l t o n , 1971 ; T e n n y s o n , 1990 ; 

Duke et al, 2 0 0 0 ) . 

The m o s t c o m m o n t r e a t m e n t t e c h n i q u e is by m e c h a n i c a l c l e a n -

up i n v o l v i n g c o n t a i n m e n t w i th l a rge f l o a t i n g b a r r i e r s , and 

r e m o v a l w i t h s p e c i a l i s e d s h i p s tha t e i t h e r v a c u u m the o i l o f f t he 

sea or soak it up w i t h a b s o r b e n t m a t e r i a l ( T e n n y s o n , 1 9 9 0 ) . 

C h e m i c a l t r e a t m e n t t e c h n i q u e u s i n g d i s p e r s a n t s , s o l v e n t and 

d e t e r g e n t c h e m i c a l s t ha t b r e a k up c o n t i n u o u s s p i l l s i n t o 

d r o p l e t s , is a l so s o m e t i m e s used to p r e v e n t o i l f r o m f o u l i n g 



s e n s i t i v e c o a s t a l h a b i t a t s (Duke er a/ , 2 0 0 0 ) . A l t h o u g h 

d i s p e r s a n t s can p r e v e n t d e p o s i t i o n of oil on s h o r e l i n e s if used 

c o r r e c t l y , they do not r e m o v e the oil and can make an acu t e ly 

t o x i c c o n c e n t r a t i o n of oi l a v a i l a b l e to m a r i n e l i f e d i r e c t l y u n d e r 

t he s l i c k ( D u k e gf aZ, 2 0 0 0 ; S h e l t o n , 1971; T e n n y s o n , 1990) . 

1.4 E f f e c t s a n d f a t e of oil in t h e m a r i n e e n v i r o n m e n t 

Oi l p o l l u t i o n f r o m t a n k e r s , d r i l l i n g o p e r a t i o n s , n a t u r a l s e e p s , 

and o t h e r s o u r c e s c a u s e a c o n c e n t r a t e d i npu t o f oi l in to the 

m a r i n e e n v i r o n m e n t . T h e s e o f t e n occu r over a v e r y shor t p e r i o d 

of t i m e ( R i l e y , 1 985) . Such i n p u t s may have s e r i o u s e f f e c t s on 

a n i m a l and p l a n t l i f e and on land c h e r i s h e d f o r i t s r e c r e a t i o n a l 

v a l u e ( R a m a m u r t h y , 1991; R i l ey , 1 985; S u c h a n e k , 1993) . The 

s e r i o u s n e s s of an o i l r e l e a s e d e p e n d s on s e v e r a l f a c t o r s , 

i n c l u d i n g q u a n t i t y and type of r e l e a s e d o i l , f i n a l d e s t i n a t i o n of 

the o i l , and e n v i r o n m e n t a l f a c t o r s such as c u r r e n t d i r e c t i o n and 

vyave a c t i o n (R i l ey , 1985) . 

Oi l is a ve ry c o m p l e x m i x t u r e made up of h u n d r e d s of 

c o m p o u n d s , m o s t l y h y d r o c a r b o n s . L i g h t e r f r a c t i o n s of the o i l , 

t h o u g h m o r e t o x i c t h a n c r u d e o i l , are more l i k e l y to e v a p o r a t e 

b e f o r e they can r e a c h s e n s i t i v e s h o r e l i n e h a b i t a t s ( S h a r m a gr aZ, 

2 0 0 2 ) . H e a v i e r oil t ha t does not e v a p o r a t e , a l t h o u g h it is no t as 

t o x i c as r e f i n e d o i l , can wash on to r o c k y and s a n d y s h o r e s and 

can c a u s e s e r i o u s h a r m to s h e l l f i s h , p l a n t l i f e , a n d o t h e r 



o r g a n i s m s ( R i l e y , 1985) . In the ea r ly s t a g e s of an oi l sp i l l , sea 

b i r d s and m a m m a l s may be k i l l e d by c o n t a c t w i t h the f r e s h l y 

s p i U e d oH ( D a y e f 1997; J e n s s e n , 1996; V/aHon g f a / , 1997) . 

E f f e c t s on f i s h are d o c u m e n t e d in many s t u d i e s and oil sp i l l s 

can h a v e a d v e r s e e f f e c t s on a d u l t f i s h , f l o a t i n g f i s h eggs , and 

l a r v a e ( G a l l e g o et al, 1995; H e i n t z et al, 2 0 0 0 ) . The l ea s t 

v o l a t i l e f r a c t i o n of oil f o r m s t a r ry l u m p s tha t f l o a t , s ink , or 

cove r h a b i t a t s of s h a l l o w wa te r o r g a n i s m s , or f o u l sand b e a c h e s 

and r o c k y s h o r e s . 

Effects on resources of economic value 

In case of oi l s p i l l s on the c o a s t , oi l coa t s the s h o r e l i n e , k i l l i n g 

p l a n t s and a n i m a l s as wel l as p r e v e n t i n g m a m m a l s and b i r d s 

f r o m u t i l i s i n g the a rea (Day et al, 1997; J e n s s e n , 1996 ; R i l e y , 

1985; W a l t o n et al, 1997) . R e s o u r c e s of e c o n o m i c v a l u e are 

d a m a g e d , f i r s t of a l l , b e c a u s e of the loss of n o n - r e n e w a b l e oil 

and t h e r e f o r e m o n e y . S e c o n d l y , t h e r e is d a m a g e c a u s e d to 

f i s h e r i e s f r o m los t f i s h and s u s p e n s i o n of f i s h i n g . 

The m o s t o b v i o u s i m p a c t on r e s o u r c e s of e c o n o m i c v a l u e i s , 

p e r h a p s , t he r e d u c t i o n o f f i s h s t o c k s ( H u g h e s , 1 9 9 9 ) t h r o u g h 

h a b i t a t a l t e r a t i o n , t i s s u e c o n t a m i n a t i o n , and d e a t h . Oil s p i l l s 

can c a u s e d a m a g e to f i s h eggs and l a r v a e as w e l l as a d u l t s 

( G a l l e g o er a / , 1995; H e i n t z ef a / , 2 0 0 0 ) . 
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A p a r t f r o m the d i r e c t e f f e c t on f i s h e r i e s t h r o u g h r e d u c t i o n of 

s t o c k s by d e a t h , t a i n t i n g can have s e r i o u s e c o n o m i c e f f e c t s . 

P e t r o l e u m h y d r o c a r b o n s in t a i n t e d f i s h and s e a f o o d are 

d e t e c t a b l e at very low l e v e l s of c o n t a m i n a t i o n i m p a r t i n g an 

u n p l e a s a n t f l a v o u r m a k i n g s e a f o o d , i n c l u d i n g f i s h , u n m a r k e t a b l e 

as the o i ly t a s t e is r e p u l s i v e ( C l a r k , 2 0 0 1 ) . 

D a m a g e to r e c r e a t i o n a l r e s o u r c e s can occur t h r o u g h f o u l i n g of 

sandy b e a c h e s and the rocky s h o r e s by heavy w e i g h t f r a c t i o n s of 

h y d r o c a r b o n s . Th i s d a m a g e can have n o t i c e a b l e e c o n o m i c 

i m p a c t , e s p e c i a l l y in c o u n t r i e s t ha t d e p e n d on t o u r i s m as an 

i m p o r t a n t s o u r c e of i n c o m e (Roeh l & D i t t o n , 1 9 9 3 ) . 

Effects on the marine ecosystem 

E f f e c t s of oi l p o l l u t i o n on c o a s t a l e c o s y s t e m s are of m a j o r 

c o n c e r n f o r t h r ee m a i n r e a s o n s . F i r s t , the a v a i l a b l e h a b i t a t is 

g e n e r a l l y m u c h more l i m i t e d in ex t en t in c o a s t a l t h a n in 

o f f s h o r e e c o s y s t e m s ; some c o a s t a l a reas a l s o p r o v i d e u n i q u e 

h a b i t a t and e c o s y s t e m s due to g e o g r a p h i c a l a n d e n v i r o n m e n t a l 

c i r c u m s t a n c e s . S e c o n d l y , l i v i n g r e s o u r c e s a r e g e n e r a l l y m o r e 

c o n c e n t r a t e d in c o a s t a l h a b i t a t s . T h i r d l y , s o m e s p e c i e s t h a t l i ve 

away f r o m c o a s t s may be d e p e n d e n t on the c o a s t a l e c o s y s t e m s 

f o r pa r t of t h e i r l i v e s . 
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O b v i o u s l y , a l a rge oil sp i l l w o u l d have e n o r m o u s e f f e c t s on the 

m a r i n e e c o s y s t e m and a s s o c i a t e d r e s o u r c e s . O i l , f i r s t of a l l , 

c o a t s a l a r g e a rea p r e v e n t i n g s u n l i g h t and o x y g e n f r o m f i l t e r i n g 

in to the w a t e r tha t may a d v e r s e e f f e c t s on p l a n t s and a n i m a l s 

( P e z e s h k i et al, 2 0 0 0 ) . Oil may a l so d i r e c t l y c o v e r the m a r i n e 

f l o r a and f a u n a , c a u s i n g m o r t a l i t y t h r o u g h s u f f o c a t i o n ( P e z e s h k i 

er aZ, 2 0 0 0 ) . 

F i x e d v e g e t a t i o n such as m a n g r o v e s on c o a s t s may be a f f e c t e d 

b a d l y by o i l p o l l u t i o n ( E l l i s o n , 1999) . They a r e ve ry i m p o r t a n t 

to the w h o l e c o a s t a l e c o s y s t e m b e c a u s e t h e y are a s o u r c e of 

o r g a n i c p r o d u c t i o n tha t is t r a n s f e r r e d to t h e sea , and they 

p r o v i d e s h e l t e r fo r ea r ly l i f e s t ages of m a r i n e o r g a n i s m s 

( A b u o d h a & Ka i ro 2 0 0 1 ) . The c o a s t a l e c o s y s t e m as a w h o l e 

c o u l d be a f f e c t e d as a r e s u l t of t he se e f f e c t s . 

Biological effects on marine organisms 

B i o l o g i c a l e f f e c t s of p e t r o l e u m h y d r o c a r b o n s on m a r i n e 

o r g a n i s m s d e p e n d on the p e r s i s t e n c e of h y d r o c a r b o n s and the 

a b i l i t y of the o r g a n i s m to a c c u m u l a t e and m e t a b o l i s e v a r i o u s 

h y d r o c a r b o n s ( C a p u z z o , 1981) . 

Oil c o u l d h a v e a d v e r s e b i o l o g i c a l e f f e c t s on m a r i n e o r g a n i s m s 

t h r o u g h e x t e r n a l d i r e c t c o n t a c t . D e p e n d i n g on t h e n a t u r e and the 

age of the o i l , a c o n s i d e r a b l e v a r i e t y of a n i m a l s and the m o r e 
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s e n s i t i v e red and g reen a lgae can be k i l l e d by e x t e r n a l c o n t a c t 

( C l a r k , 2 0 0 1 ) . S u r f a c e c o n t a c t w i t h oil may c a u s e i r r i t a t i o n and 

i n f l a m m a t i o n of eyes and s e n s i t i v e m u c o u s m e m b r a n e s 

e s p e c i a l l y in m a m m a l s and b i r d s , as wel l as s k i n d a m a g e 

( B o e s c h and R a b a l a i s , 1987) . Oil a d h e r e s to t h e f e a t h e r s of 

s e a b i r d s and the f u r of m a m m a l s and r e d u c e s t h e i r i n s u l a t i n g 

and w a t e r p r o o f i n g p r o p e r t i e s ( S t e p h e n s o n , 1 9 9 7 ) . The r i sk of 

d e a t h s f r o m e x p o s u r e is t h e r e f o r e i n c r e a s e d . 

I n h a l a t i o n of p e t r o l e u m v a p o u r s such g a s o l i n e in an oil sp i l l by 

m a m m a l s can be or it can d e v e l o p i n f l a m m a t i o n , h a e m o r r h a g e 

and c o n g e s t i o n of the l u n g s ( B o e s c h & R a b a l a i s , 1987) . 

A d d i t i o n a l l y , oi l c l ogs the n o s t r i l s and m o u t h o f m a m m a l s and 

b i r d s , and c a u s e s i r r i t a t i o n to the eyes ( T s e n g , 1 999 ) . A d v e r s e 

e f f e c t s can be caused t h r o u g h i n g e s t i o n of oil b y , fo r e x a m p l e , 

t u r t l e s and s e a b i r d s ( T s e n g , 1999) . T h e s e i n c l u d e u l c e r a t i o n and 

b l e e d i n g in the g a s t r o i n t e s t i n a l t r a c t , and t o x i n s may be 

a b s o r b e d t h r o u g h the sk in and the p a n c r e a s ( B r i g g s ef aZ, 

( 1 9 9 7 ) . 

1 .5 B i o - a c c u m u l a t i o n in m a r i n e o r g a n i s m s 

A l t h o u g h b i o a c c u m u l a t i o n of p e r s i s t e n t p o l l u t a n t s ha s b e e n 

o b s e r v e d in m a r i n e o r g a n i s m s , e v i d e n c e to s u g g e s t 

b i o a c c u m u l a t i o n of p e t r o l e u m h y d r o c a r b o n s h a s n o t b e e n w i d e l y 
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r e p o r t e d ( C l a r k , 2 0 0 1 ) . H o w e v e r , a c c u m u l a t i o n of p o l l u t a n t s 

such as p e t r o l e u m h y d r o c a r b o n s can occur at d i f f e r e n t r a t e s f r o m 

s e a w a t e r , s u s p e n d e d p a r t i c l e s , and s e d i m e n t s and t h r o u g h the 

f o o d c h a i n (F ig . 1 .1) . The ra t e at w h i c h a c c u m u l a t i o n o c c u r s in 

an o r g a n i s m d e p e n d s on the a v a i l a b i l i t y of the p o l l u t a n t , the 

a b i l i t y of the o r g a n i s m to e x c r e t e the p o l l u t a n t or a l t e r n a t i v e l y 

s to re i t , and on a w h o l e r a n g e of b i o c h e m i c a l and e n v i r o n m e n t a l 

f a c t o r s ( B a u s s a n t et al, 2 0 0 1 ) . S e v e r a l s t u d i e s h a v e s h o w n tha t 

m a r i n e o r g a n i s m s such as s h e l l f i s h may a c c u m u l a t e p e t r o l e u m 

h y d r o c a r b o n s to d i f f e r e n t l e v e l s and at d i f f e r e n t r a t e s . Some 

s h e l l f i s h , w h i c h f i l t e r l a rge v o l u m e s of wa te r w h i l e f e e d i n g , can 

t ake up and c o n c e n t r a t e h y d r o c a r b o n s f r o m w a t e r e i t h e r f r o m 

s o l u t i o n or a d s o r b e d to s u s p e n d e d p a r t i c l e s ( B r y a n , 1979 ; R i l e y , 

1985) . 

The r e l a t i o n s h i p b e t w e e n the l e v e l s of e x t e r n a l c o n c e n t r a t i o n of 

o r g a n i c p o l l u t a n t s such as p e t r o l e u m h y d r o c a r b o n s and the 

c o n c e n t r a t i o n in the o r g a n i s m t i s s u e s is c o m p l e x ( B a u s s a n t et 

a / , 2 0 0 1 ) . D i f f e r e n t s p e c i e s may b i o - c o n c e n t r a t e d i f f e r e n t 

p o l l u t a n t s d e p e n d i n g on f a c t o r s such as l i f e s t y l e and m e t a b o l i c 

c a p a b i l i t y to d e g r a d e the p o t e n t i a l h a r m f u l s u b s t a n c e s ( B a u s s a n t 

er a / , 2 0 0 1 ) . 

The c o n c e n t r a t i o n s of p e t r o l e u m h y d r o c a r b o n s in m a r i n e 

o r g a n i s m t i s s u e s are l i ke ly to be p r o p o r t i o n a l t o t he a v a i l a b i l i t y 
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of h y d r o c a r b o n s in the e n v i r o n m e n t d e p e n d i n g on the ab i l i t y to 

e x c r e t e or s to re the p o l l u t a n t at d i f f e r e n t l e v e l s of inpu t 

( B a u s s a n t e f a Z , 2 0 0 1 ; B r y a n , 1979) . 

Direct 

Uptake 

By 

Feeding 

Met ibolism 
And 
Dei: th 

>• I 3"̂ ^ Trophic Level: Carnivores, fish, 
prawns, etc. 

Trophic Level: Top carnivores 

2"*̂  Trophic Level: Herbivores and filter feeders, 
bivalves, barnacles and snails. 

1'̂  Trophic Level: Photosynthetic plankton and 
littoral algae. 

Oil in the sea . . 

F i g u r e 1 .1 P o s s i b l e oil c o n c e n t r a t i o n m e c h a n i s m in t h e 

e c o s y s t e m ( G o l d b e r g , 1972) . 
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1.6 T o x i c i t y of p e t r o l e u m h y d r o c a r b o n s 

C r u d e o i l and oi l p r o d u c t s c o n t a i n a w ide r a n g e of c o m p o u n d s 

tha t can be t o x i c to m a r i n e p l a n t s and a n i m a l s (Gran t & B r i g g s , 

2 0 0 2 ) . A r o m a t i c h y d r o c a r b o n s , p a r t i c u l a r l y , a r e k n o w n to be 

more t o x i c t han a l i p h a t i c h y d r o c a r b o n s , and t h e m e d i u m 

m o l e c u l a r w e i g h t f r a c t i o n s are more t ox i c t h a n h i g h - m o l e c u l a r 

ones ( C l a r k , 2 0 0 1 ) . T o x i c i t y of c rude oil d e p e n d s l a r g e l y upon 

v o l a t i l e a r o m a t i c h y d r o c a r b o n s ( B a r r o n a / , 1 999) w h i c h f o r m 

on ly a s m a l l p r o p o r t i o n of mos t c r u d e o i l s and are r a p i d l y los t 

due to w e a t h e r i n g ( S h a r m a gr a / , 2 0 0 2 ) . T h e r e f o r e , t o x i c e f f e c t s 

of c r u d e o i l in the open sea t end to be i n s i g n i f i c a n t due to the 

huge d i l u t i n g p o w e r of the sea , and b e c a u s e of oi l w e a t h e r i n g 

( S h e l t o n , 1971) . 

1.7 B i o l o g i c a l D e g r a d a t i o n 

T h e r e are n u m e r o u s m i c r o - o r g a n i s m s in the m a r i n e e n v i r o n m e n t s 

t ha t o x i d i s e v a r i o u s h y d r o c a r b o n s (Ron & R o s e n b e r g , 2 0 0 2 ) . The 

mos t v a r i e t i e s occu r in p l a c e s tha t have been s u b j e c t to c h r o n i c 

oi l p o l l u t i o n e i t he r f r o m n a t u r a l s eeps or by h u m a n a c t i v i t y , and 

they i n c l u d e b a c t e r i a , f u n g i , and yeas t s p e c i e s ( C l e m e n t e et al, 

2 0 0 1 ; Oh et al, 2 0 0 1 ) . Each s p e c i e s m e t a b o l i s e s on ly a n a r r o w 

r a n g e of h y d r o c a r b o n s by p r o d u c i n g e n z y m e s t h a t c a t a l y s e t h e i r 

o x i d a t i o n ( Z o b e l l , 1972) . 
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Many f a c t o r s may a f f e c t the r a t e of b i o l o g i c a l d e g r a d a t i o n of oil 

in the sea . E s s e n t i a l l y , the k ind and the n u m b e r of m i c r o -

o r g a n i s m s a v a i l a b l e , the c h e m i c a l c o m p o s i t i o n of the o i l , and 

e n v i r o n m e n t a l p a r a m e t e r s are the ma in f a c t o r s a f f e c t i n g t h i s 

p r o c e s s . E n v i r o n m e n t a l p a r a m e t e r s such as o x y g e n a v a i l a b i l i t y , 

s e a w a t e r t e m p e r a t u r e , s a l i n i t y r e q u i r e m e n t s , a n d c o n c e n t r a t i o n 

of o r g a n i c m a t t e r in s e a w a t e r , are i m p o r t a n t p a r a m e t e r s 

d e t e r m i n i n g the b i o l o g i c a l d e g r a d a t i o n p r o c e s s ( Z o b e l l , 1972) . 

The e f f e c t s of m i x i n g of oi l s l i c k s by w a v e s i n c l u d e r u p t u r i n g 

the s l i ck in to b a n d s and s t r e a k s and s p r e a d i n g o v e r a l a r g e r a r ea , 

e v a p o r a t i o n e n h a n c e m e n t by b r e a k i n g w a v e s , d i s p e r s i o n of oi l 

d r o p l e t s i n to the wa te r c o l u m n , and f o r m a t i o n o f w a t e r - i n - o i l 

e m u l s i o n ( S a n t a s & S a n t a s , 2 0 0 0 ; S h a r m a a / , 2 0 0 2 ) . A r e c e n t 

s t udy p r e s e n t e d e v i d e n c e tha t s h o w s tha t wave a c t i o n a c c e l e r a t e s 

h y d r o c a r b o n b i o d e g r a d a t i o n in the i n t e r t i d a l z o n e by i m p r o v e d 

o x y g e n a t i o n and i n c r e a s e d p h y s i c a l con t ac t b e t w e e n b a c t e r i a and 

oil ( S a n t a s & S a n t a s , 2 0 0 0 ) . W a v e ac t ion may a l s o a f f e c t 

b i o d e g r a d a t i o n i n d i r e c t l y t h r o u g h a c c e l e r a t e d v o l a t i l i s a t i o n of 

s m a l l o r g a n i c c o m p o u n d s tha t a re h i g h l y t o x i c t o o i l - d e g r a d a t i o n 

b a c t e r i a ( G a i t a / . , 1991) . 
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1.8 O i l p o l l u t i o n in t h e M e d i t e r r a n e a n Sea a n d t h e N o r t h 

A f r i c a n c o a s t 

The M e d i t e r r a n e a n Sea is a s e m i - e n c l o s e d sea and w h o s e 

s u r r o u n d i n g l a n d s d e v e l o p e d m a j o r c e n t r e s of h u m a n c i v i l i s a t i o n 

as ea r ly as 4000 BC ( M e a d o w s , 1992) . The g e o g r a p h i c a l l o c a t i o n 

and the r e l a t e d f u n c t i o n s of the M e d i t e r r a n e a n as a s emi -

e n c l o s e d sea , as w e l l as i ts ea r ly h i s t o r y and t h e d e v e l o p m e n t of 

r e c e n t i n d u s t r i a l i s e d c e n t r e s , m a k e it very u n i q u e in many 

a s p e c t s . E i g h t e e n c o u n t r i e s s u r r o u n d the M e d i t e r r a n e a n Sea w i t h 

a ve ry w i d e r a n g e of i n d u s t r i a l c e n t r e s t ha t h a v e , u n d o u b t e d l y , 

s o m e sor t of e n v i r o n m e n t a l i m p a c t on t h i s sea . S o m e c o u n t r i e s 

have a sho r t c o a s t l i n e such as A l b a n i a and P a l e s t i n e , o t h e r s h a v e 

a long one such as T u r k e y and L ibya ( T a b l e 1 .2 ) . The c o a s t l i n e s 

of the M e d i t e r r a n e a n Sea s u f f e r f r o m t h e . e f f e c t s of all t he m a j o r 

g l o b a l i n d u s t r i e s d e v e l o p e d by m a n . 

Oi l p o l l u t i o n , as a r e s u l t of oi l e x p l o r a t i o n ; e x p l o i t a t i o n ; and 

t r a n s p o r t a t i o n , is c o n s i d e r e d as a m a j o r e n v i r o n m e n t a l p r o b l e m 

in the M e d i t e r r a n e a n . The sea i t s e l f is the m o s t p o l l u t e d in t he 

w o r l d , m a i n l y due to heavy oil t r a f f i c , a m o u n t i n g to a b o u t 350 

m i l l i o n t o n s a n n u a l l y , c a r r i ed by a b o u t 1500 t a n k e r s ( W o r l d 

B a n k , 1996) . 
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1 . 8 . 1 S o u r c e s a n d i n p u t s 

P e t r o l e u m h y d r o c a r b o n s r e l e a s e d in to the M e d i t e r r a n e a n Sea 

c o m e f r o m d i f f e r e n t s o u r c e s . The m a j o r s o u r c e s are o i l , 

p r o d u c t i o n , oi l b r o u g h t in to the b a s i n by p i p e l i n e s , oi l t r a n s p o r t 

w i t h i n or t h r o u g h t he sea , l a n d - b a s e d s o u r c e s , and t a n k e r 

a c c i d e n t s . 

Oil production 

L i b y a , A l g e r i a , T u n i s i a , E g y p t , S p a i n , I t a ly and G r e e c e are the 

c o u n t r i e s tha t p r o d u c e oi l in the M e d i t e r r a n e a n . Some of t h e s e 

c o u n t r i e s such as L ibya have o f f s h o r e f i e l d s . T h e q u a n t i t y of oil 

p r o d u c e d w i t h i n the a rea is on ly p a r t l y used or p r o c e s s e d w i t h i n 

the a rea i t s e l f ; a m a j o r pa r t of it is fo r e x p o r t . Oi l p r o d u c t i o n 

o p e r a t i o n s , e s p e c i a l l y in o f f s h o r e f i e l d s , i n v o l v e many p r o c e s s e s 

t h a t may c a u s e m a j o r p o l l u t i o n . 

Oil brought into the basin by pipelines 

The M e d i t e r r a n e a n is one of the m a j o r w o r l d r e g i o n s f o r t h e 

t r a n s i t of o i l . Very l a rge q u a n t i t i e s of c r u d e o i l are t r a n s p o r t e d 

by sea t h r o u g h p i p e l i n e s c o n n e c t i n g i n t e r n a l a n d d i s t a n t o i l 

f i e l d s to the c o a s t s . P i p e l i n e s b r i ng c r u d e oil f r o m the 

p r o d u c t i o n a r ea s such as the Saha ra to p l a c e s w h e r e it is r e f i n e d 

and e x p o r t e d . S e v e r a l t e r m i n a l s in the e a s t e r n M e d i t e r r a n e a n 

and the N o r t h A f r i c a n coas t are a s s i g n e d fo r t h i s p u r p o s e . In 

a d d i t i o n , t h e r e are a n u m b e r of l a rge p i p e l i n e s , s o m e of w h i c h 
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are c r o s s - b o r d e r , such as I raq to T r i p o l i ( L e b a n o n ) and Syr i a , 

Saud i A r a b i a to S i d o n - L e b a n o n . The mos t r e c e n t p i p e l i n e wi l l 

l ink t he L i b y a n coas t w i t h I t a ly , w h i c h wi l l be the l o n g e s t to 

c r o s s t he M e d i t e r r a n e a n Sea . 

Oil transport through the Mediterranean Sea 

More t h a n 20% of the wor ld oi l t r a n s p o r t t a k e s p l a c e in the 

M e d i t e r r a n e a n , w h i c h c o v e r s on ly 0 .8% of the w o r l d ' s o c e a n s by 

a rea ( U . S . N a t i o n a l A c a d e m y of S c i e n c e , 1 9 7 5 ) . Th i s m a k e s it 

m o r e v u l n e r a b l e to p o l l u t i o n , e s p e c i a l l y by o i l . A s a t e l l i t e 

m o n i t o r i n g s y s t e m was s u g g e s t e d to m o n i t o r o i l t r a n s p o r t in th i s 

sea ( C a l a b r e s i , 1996) . Oil t r a f f i c m o n i t o r i n g i s ve ry i m p o r t a n t to 

i d e n t i f y i l l e g a l d i s h r a g s f r o m s h i p s and to r e d u c e c o l l i s i o n 

i n c i d e n t s in the M e d i t e r r a n e a n tha t may cause s e r i o u s o i l s p i l l s 

( C a l a b r e s i , 1996 , D a i d o l a er aZ, 1997) . 

Land-based sources 

T h e s e s o u r c e s are m a i n l y oil r e f i n e r i e s and o i l - r e l a t e d o n s h o r e 

a c t i v i t i e s such as e x p o r t i n g t e r m i n a l s and p e t r o c h e m i c a l 

i n d u s t r i e s . T h e s e s o u r c e s m a k e a c o n s i d e r a b l e c o n t r i b u t i o n to 

the o v e r a l l i n p u t e s p e c i a l l y in L i b y a n w a t e r s ( M a g a z z u & 

A n g o t , 1981; UNEP, 1978) . The U n i t e d N a t i o n s E n v i r o n m e n t 

P r o g r a m ( U N E P ) r e p o r t s s h o w tha t the mos t p o l l u t e d a r e a f r o m 

t h e s e s o u r c e s in the M e d i t e r r a n e a n is the L i b y a n w a t e r s and t h e 

r e g i o n b e t w e e n T u n i s i a and Sc i l ly (UNEP, 1 9 7 8 ; UNEP, 1 9 9 6 ) . 

20 



T a b 1 e 1.2 C o a s t a l a r e a s , p o p u l a t i o n , a n d oi l p r o d u c t i o n f o r M e d i t e r r a n e a n c o u n t r i e s ( U N E P , 1 9 9 6 ) . 

Country Length 
of 
coastline 
(kilometres) 

Population 
(thousands) 

Average annual 
Volume of goods 
loaded and unloaded 
1988-90 (thousand metric tons) 

Offshore oil and gas resources Country Length 
of 
coastline 
(kilometres) 

Population 
(thousands) 

Average annual 
Volume of goods 
loaded and unloaded 
1988-90 (thousand metric tons) 

Annual Production Proven Reserves 

Country Length 
of 
coastline 
(kilometres) 

Population 
(thousands) 

Petroleum Dry 
cargo 

Oil 
(thousand 
metric tons) 

Gas 
(million 
cubic metres) 

Oil 
(million 
metric tons) 

1992 

Gas (billion 
cubic metres) 

1992 

Country Length 
of 
coastline 
(kilometres) 

Total Mediterranean Crude Products 

Dry 
cargo 

1982 1992 1982 1992 

Oil 
(million 
metric tons) 

1992 

Gas (billion 
cubic metres) 

1992 

Albania 418 3 256 1325 X 71 1673 0 0 0 0 67 0 

Algeria 1200 23 039 10 105 29 110 2 4 4 0 9 15 266 0 0 0 0 0 0 

Bosnia -Herzegovina 20 4 470 300 X X X 0 0 0 0 0 0 

Croatia 5 790 4 900 1520 X X X 0 0 0 0 0 0 

Cyprus 782 503 503 5 4 ^ 502 4 586 0 0 0 0 0 0 

Egypt 950 58 978 24MM 146 855 4 2 0 4 25 351 28 386 0 755 0 367 142 

France 56 556 5 839 68 0 5 40 443 110 786 0 0 0 0 0 0 

Greece 15 000 10 264 9 2 0 9 15 407 4 590 26 680 0 299 0 0 4 11 

Palestine 160 5 412 3 041 6 463'' 1 ^ ^ 15 593 0 0 0 0 0 0 

Italy 7 953 57 104 32621 88 893 46 074 100 510 498 3 685 10 523 3 6 ^ 8 227 

Lebanon 225 3 000 2 700 23"" 205b 1058 0 0 0 0 0 0 

Libya 7 770 4 9 0 0 ^ 9 2 0 48 241" 4 545 7 2 4 2 0 6 9 7 2 0 0 109 3 
Malta 180 362 362 X 564 1546 0 0 0 0 0 0 

Monaco 4 30 30 X X X 0 0 0 0 0 0 

Morocco 512 26 0 ^ 3 6J0 4 9 1 0 • 140 28 990 0 0 0 0 0 0 

Slovenia 32 2 020 250 X X X 0 0 0 0 0 0 

Spain 2 580 39 434 1 5 % # 4 7 9 ^ 22 958 8 9 n i 4 n 697 0 920 1 7 

Syria 183 14 186 1362 16 233 3 287 6 070 0 0 0 • 0 0 0 

Tunisia 1300 8 7 8 5 6 1 6 4 4 3 M f 937 13 762 1520 1245 0 0 34 0 

Turkey 5 191 56 473 11336 87 729 57 969 1 64 083 0 0 0 0 0 0 

Goods loaded; b. Goods unloaded; 0 = zero or less than half the unit of measure; X = not available. 
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Accidents 

A l t h o u g h the q u a n t i t y of oil s p i l l e d in the sea is h u g e , a c c i d e n t s 

c o n t r i b u t e on ly 5 - 1 0 % to the t o t a l i npu t ( D o m o v i c , 1992) . 

The s i g n i f i c a n c e of t h i s s o u r c e is b e c a u s e it r e l e a s e s l a r g e 

q u a n t i t i e s of oi l in to a l i m i t e d sea s u r f a c e in a r e l a t i v e l y sho r t 

p e r i o d of t i m e . A c c i d e n t s are u s u a l l y c a u s e d b e g r o u n d i n g , 

f i r e s , e x p l o s i o n s , c o l l i s i o n s , and r a m m i n g d u r i n g t e r m i n a l 

o p e r a t i o n s ( D a i d o l a et al, 1997) . The r e c o r d s o f the R e g i o n a l 

Oil C o m b a t C e n t r e in M a l t a ( R O C C ) s h o w , f o r e x a m p l e , t ha t 

b e t w e e n A u g u s t and D e c e m b e r 1988 the to t a l n u m b e r of 

a c c i d e n t s in the M e d i t e r r a n e a n was 106, and 5 6 % of t h e s e 

r e s u l t e d in s p i l l a g e of oi l ( D o m o v i c , 1992) . 

1 .8 .2 p o l l u t i o n by p e l a g i c a n d d e p o s i t e d t a r in t h e 

M e d i t e r r a n e a n Sea a n d i t s c o a s t l i n e s 

Oil d e p o s i t i o n in the f o r m of tar b a l l s is a m a j o r e n v i r o n m e n t a l 

h a z a r d on many b e a c h e s of the M e d i t e r r a n e a n ( A y b u l a t o v et al, 

1981) . Many c o a s t l i n e s in the M e d i t e r r a n e a n a r e s e v e r e l y 

p o l l u t e d wi th tar b a l l s (E l - G h i r a n i , 1981) . T h e y d e g r a d e ve ry 

s l o w l y and may p e r s i s t as long as 20 yea r s ( V a n d e r m e u l e n & 

S i n g h , 1994) . 

P e l a g i c tar b a l l s are a c o m m o n p r o b l e m in m o s t a r e a s of t he 

M e d i t e r r a n e a n c o a s t l i n e ( A y b u l a t o v et al, 1981 ; G o l i k et al, 
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1988) . S y s t e m a t i c i n v e s t i g a t i o n s of ta r d i s t r i b u t i o n in the 

M e d i t e r r a n e a n s t a r t e d as ea r ly as 1969 ( H o r n , 1970) . The a reas 

b e t w e e n C y p r u s and T u r k e y and in the Gul f of S i r t e o f f L ibya 

are the m o s t p o l l u t e d by p e l a g i c t a r in the M e d i t e r r a n e a n (Go l ik 

ef a/ , 1988) . 

1 .8 .3 O i l p0II u t i 0 n : t h e N o r t h A f r i c a n c o a s t 

The N o r t h A f r i c a n coas t has been h e a v i l y e x p l o i t e d b e c a u s e of 

i ts a b u n d a n t n a t u r a l r e s o u r c e s ( M e a d o w s , 1 9 9 2 ) . As a 

c o n s e q u e n c e , the need fo r c o a s t a l zone m a n a g e m e n t ( C Z M ) is 

e m e r g i n g as an i s sue of r e g i o n a l i m p o r t a n c e to ' con t ro l the 

i n c r e a s i n g e n v i r o n m e n t a l p o l l u t i o n , ( S n o u s s i & A o u l , 2 0 0 0 ) . 

The s o u t h coas t of the M e d i t e r r a n e a n , abou t 5 5 0 0 k m long ( t a b l e 

1 .2) , has very h i g h i n c i d e n c e s and c o n c e n t r a t i o n s of oi l 

p o l l u t i o n w i t h i n the M e d i t e r r a n e a n r e g i o n ( M e a d o w s , 1992) . The 

a v e r a g e c o n c e n t r a t i o n of t a r s in the s u r f a c e w a t e r is a b o u t 38 

mg/m^, w h i c h is very h igh c o m p a r e d wi th the a v e r a g e f o r all 

o c e a n s is w h i c h is 0 .8 mg/m^ ( W o r l d B a n k , 1 9 9 6 ) . The N o r t h 

A f r i c a n c o u n t r i e s are p a r t i e s to the B a r c e l o n a C o n v e n t i o n ( 1 9 7 6 ) 

on c o m b a t i n g oi l s p i l l s and o the r i n t e r n a t i o n a l c o n v e n t i o n s f o r 

p r o t e c t i n g the M e d i t e r r a n e a n Sea a g a i n s t p o l l u t i o n ( t a b l e 1 .3) . 
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Table 1. 3 Conventions and Protocols for the Protection of the Mediterranean Sea against Pollution. Source. UNEP (1996). 

Convention for the 
Protection of the 
Mediterranean Sea 
against Pollution 

Protocol for the 
Prevention of Pollution 
of the Mediterranean 
Sea by Dumping from 
Ships and Aircraft 

Protocol concerning Co-operation 
in Combating Pollution of the 
Mediterranean Sea by Oil and 
Other Harmful Substances in 
Cases of Emergency 

Protocol for the 
Protection of the 
Mediterranean Sea 
against Pollution from 
Land-Based Sources 

Protocol Concerning 
Mediterranean 
Specially Protected 
Areas 

Protocol for the Protection of the 
Mediterranean against Pollution 
Resulting from Exploration and 
Exploitation of the Continental 
Shelf and the Sea-bed and 

Place/Date Adoption Barcelona: 16. 2.1976 Barcelona: 16.2.1976 Barcelona: 16, 2.1976 Ajbens:17. 5 1980 Geneva; 3. 4,1982 Madrid : 14,10.1994 

Entr)' into force 12.02.1978 12.2.1978 12.2.1978 17.6.1983 23.3.1986 

Albania 30.05.1990(AC) 30. 5.1990(AC) 30.5.1990(AC) 30. 5.1990(AC) 30. 5.1990(AC) 

Algeria 16.02.1981(AC) 16. 3.1981(AJC) 16.3.1981(/U:) 2. 5.1983(AX:) 16. 5.1985(AC) 

Bosnia 22.10.1994(AC) 22.10.1994(AC) 22.10.1994(AC) 22.10.1994(AC) 22.10.1994(AC) 

12.10.1993(AC) 12.]0.1993(AC) 12.10.1993(AC) 12.10.1993(AC) 12.10.1993(AC) 14.10.1994 (S) 

Cyprus 19.11.1979 (R) 19.11.1979 (R) 19.11.1979 (R) 28. 6.1988(AC) 28. 6.1988(AC) 14.10.1994 (S) 

EC 16. 3.1978(AP) 16. 3.1978(AJP) 12.8.1981(ALP) 7.10.1983(AP) 30. 6.1984(AP) 

Egypt 24. 8.1978(AP) 24. 8.1978(AP) 24. 8.1978(AP) 18. 5.1983(AL(:) 8. 7.1983 (R) 

France 11.3.1978(AP) 11.3.1978CAP3 11.3.1978(AP) 13. 7.I982(AP) 2. 9.1986(AP) 

Greece 3. 1.1979 (R) 3. 1.1979 0%) 3.1.1979 OR) 26. 1.1987 Ql) 26. 1.1987 (R) 14.10.1994 (S) 

Palestine 3. 3.1978 (R) 1.3.1984 (R) 3. 3.1978 (R) 2T 2 1 9 9 1 ^ 0 28.10.1987 (R) 14.10.1994 (S) 

Italy 3.2.1979 (R) 3.2.1979 (R) 3. 2.1979 (R) 4. 7.1985 (R) 4. 7.1985 (R) 14.10.1994(8) 

Lebanon 8J1J97%AC) ' - 8.11.1977(AC) 8.11.1977(AC) 1994 (AC) 1994 (AC) 

Libya 31.1.1979 (R) 31. 1.1979 (R) 6. 6. 

Malta 30.12.1977 (R) 30.12.1977 (R) 30.12.1977 (R) 2.3.1989 Ql) 11. 1.1988 (R) 14.10.1994 (S) 

Monaco 20. 9.1977 (R) 20. 9.1977 (R) 20. 9.1977 (R) 12. 1.1983 (R) 29. 5.1989 (R) 14.10.1994(8) 

Morocco 15. 1.1980 (R) 15. 1.1980 (R) 15.1.1980 (R) 9. 2.1987(R) 22. 6.1990 (R) 

Slovenia 15.3.1994 (AC) 15.3.1994 (AC) 15.3.1994 (AC) 15.3.1994 (AC) 15.3.1994 (AC) 10.10.1995 (S) 

Spmn 17.12.1976(R) 17.12.1976 (R) 17.12.1976 (R) 6. 6.1984 (R) 22.12.1987 (R) 14.10.1994 (S) 

26.12.1978(AC) 26.12.1978(AC) 26.12.1978(AC) 1.12.1993 (AC) 11.9.1992 (AC) 29.9.1995 (S) 

Tunisia 30. 7.1977 (R) 30. 7.1977 (R) 30. 7.1977 (R) 29.10.1981 (R) 26. 5.1983 (R) 14.10.1994(8) 

Turkey 6. 4.1981 (R) 6.4.1981 CR) 6. 4.1981 (R) 21.2L1983(AX:) 6.11.1986(AC) 

S = S i g n a t u r e R. = R a t i f i c a t i o n AC = A c c e s s i o n AP - A p p r o v a l 
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1.9 O i l p o l l u t i o n in t h e L i b y a n c o a s t 

The f i r s t oi l we l l was o p e n e d in 1959. S ince t h e p r o d u c t i o n of 

the f i r s t ba r r e l of o i l , the c o u n t r y has s t a r t e d a new era of h igh 

g r o w t h r a t e s in p o p u l a t i o n , i n d u s t r y , and e n e r g y d e m a n d and 

c o n s u m p t i o n . The f a s t u n c o n t r o l l e d g r o w t h in a l l i n d u s t r i a l 

s e c t o r s has r e s u l t e d in an i n c r e a s i n g g e n e r a t i o n of 

e n v i r o n m e n t a l p o l l u t i o n . 

A l t h o u g h L i b y a is no t h i g h l y p o p u l a t e d , abou t 80 % of t he 

p e o p l e are c o n c e n t r a t e d in a n a r r o w s t r i p a l o n g t he c o a s t w h e r e 

the m a i n i n d u s t r i a l , c o m m e r c i a l and o the r a c t i v i t i e s are l o c a t e d 

( N a t i o n a l A c a d e m y of S c i e n t i f i c R e s e a r c h , 1 9 9 1 ) . L i b y a has one 

of the l o n g e s t c o a s t l i n e s in the M e d i t e r r a n e a n ( T a b l e 1.2) w i th 

d i f f e r e n t t o p o g r a p h i c a l f o r m a t i o n s . N e v e r t h e l e s s the L i b y a n 

c o a s t l i n e is the l ea s t k n o w n by n a t u r a l i s t s ( U N E P , 1990) . 

1 .9 .1 S o u r c e s a n d i n p u t s to t h e c o a s t a l e n v i r o n m e n t 

A c c o r d i n g to M a g a z z u & A n g o t ( 1 9 8 1 ) and E l - G h i r a n i ( 1 9 8 1 ) , 

p o l l u t i o n by oi l in the L ibyan w a t e r s is m a i n l y a r e s u l t of t a n k 

w a s h i n g o p e r a t i o n s and b a l l a s t w a t e r r e l e a s e d at sea by t a n k e r s . 

A c c o r d i n g to the 1954 c o n v e n t i o n on the p r e v e n t i o n of oi l 

p o l l u t i o n at sea , a p p r o p r i a t e r e c e p t i o n f a c i l i t i e s h a v e to be 

p r o v i d e d in p o r t s and t e r m i n a l s f o r the u n l o a d i n g of the o i l y 

r e s i d u e s c o n t a i n e d in the b a l l a s t w a t e r . Mos t of t a n k e r s m a k e 
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use of the p o s s i b i l i t y o f f e r e d by the 1962 a m e n d m e n t to the 

c o n v e n t i o n of 1954 w h i c h a l l o w s the d i s c h a r g e of oil r e s i d u e s at 

sea but d i s t a n c e of ove r 100 m i l e s f r o m l and . Two i n t e r n a t i o n a l 

d i s c h a r g e z o n e s are s p e c i f i e d fo r t h i s p u r p o s e in the 

M e d i t e r r a n e a n . One is l o c a t e d b e t w e e n I t a ly and L ibya , and the 

o t h e r is S o u t h w e s t of C y p r u s ( E l - G h i r a n i , 1 9 8 1 ) . T a n k e r s o f t e n 

d i s c h a r g e t h e i r o i ly r e s i d u e s and b a l l a s t w a t e r in the a rea 

l o c a t e d n o r t h of the Gu l f of Syr te and wes t of C y r e n a c i a ( e a s t e r n 

L i b y a ) ( M a g a z z u & A n g o t , 1981; E l - G h i r a n i , 1981 ) . 

The Mediterranefin 

Tunisfa 

* 

# ^ ^ ^ ^ 
^ ^ ^ ^ ^ 

# ^ ^ ^ ^ ^ ^ 

A on Refinery 
n Oilfields 
^ Bslla«t water Discharge zone 

F i g u r e 1.2 L o c a t i o n of t h e i n t e r n a t i o n a l b a l l a s t w a t c r 

d i s c h a r g e z o n e , o i l f i e l d s a n d oil r e f i n e r i e s i n L i b y a . 
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A f t e r s o m e t i m e , the r e l e a s e d b a l l a s t wa te r m o v e s a c c o r d i n g to 

the p r e v a i l i n g c i r c u l a t i o n and wind p a t t e r n to a f f e c t the N o r t h 

A f r i c a n c o a s t ( m o s t l y the L ibyan c o a s t ) if it h a s not d e g r a d e d 

b e f o r e r e a c h i n g it (F ig . 1.2) ( A y b u l a t o v et al, 1981; M a g a z z u & 

A n g o t , 1981 ; G o l i k gf aZ, 1988) . As t h e r e are no r e c e p t i o n 

f a c i l i t i e s f o r b a l l a s t wa te r in any of the L i b y a n p o r t s ( T l u b a , 

1991) , and b e c a u s e t h e r e is no s u r v e i l l a n c e of any k ind in the 

a rea , t a n k e r s o p e r a t o r s have m o r e e x c u s e s to d i s c h a r g e t h e i r 

p o l l u t e d w a t e r and o i l ed r e s i d u e s nea r L ibyan w a t e r s ( M a g a z z u 

& A n g o t , 1981) . 

A n o t h e r s i g n i f i c a n t s o u r c e is the i n c i d e n t a l s p i l l s and p i p e l i n e 

l e a k a g e d u r i n g t r a n s f e r s f r o m and to oi l r e f i n e r i e s ( E l a z z a b i , 

1992) . Oil f i e l d s are c o n n e c t e d to M e d i t e r r a n e a n t e r m i n a l s by an 

e x t e n s i v e n e t w o r k of p i p e l i n e s . L ibya has t h r e e d o m e s t i c oi l 

r e f i n e r i e s . The Z a w i a r e f i n e r y is l o c a t e d in t he n o r t h - w e s t e r n 

r e g i o n , and the B e r g a and Ras L a n u f e x p o r t r e f i n e r i e s a re 

l o c a t e d on the Gu l f of S i r t e (F ig . 1 .2) . A l m o s t a l l t he p r o d u c e d 

oi l is p r o c e s s e d w i t h i n the c o u n t r y by p e t r o c h e m i c a l c o m p l e x e s 

and oil r e f i n e r i e s such as Z a w i a and B r e g a . T y p i c a l l y , the 

q u a n t i t i e s of c r u d e oi l p r o d u c e d in L ibya r a n g e f r o m 0 . 1 6 to 

0 .35 m i l l i o n m^ per day ( T a b l e 1 .4) . 
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T a b l e 1.4 T y p i c a l q u a n t i t i e s of c r u d e oi l p r o d u c e d in L i b y a . 

( N a t i o n a l A c a d e m y of S c i e n t i f i c R e s e a r c h , 1991) . 

Y E A R O I L P R O D U C E D 

( m i l l i o n m ^ / d a y ) 

1973 0 . 3 5 0 

1974 0 . 2 3 8 

1975 0 . 2 3 5 

1976 0 . 3 0 8 

1977 0 . 3 2 8 

1978 . 0 . 3 1 5 

1979 0 . 3 3 2 

1980 0 . 2 8 8 

1981 0 . 1 9 2 

1982 0 . 2 0 0 

1983 N o da t a 

1984 0 . 1 6 8 

O the r s o u r c e s tha t c o n t r i b u t e to i n s h o r e and o f f s h o r e r e l e a s e s of 

oi l i n c l u d e i l l e g a l d i s c h a r g e s of e x h a u s t e d o i l s and l u b r i c a n t s 

f r o m sh ips and b o a t s tha t b e l o n g to d i f f e r e n t L i b y a n a u t h o r i t i e s 

and f r o m p r i v a t e l y o w n e d b o a t s ( T l u b a , 1991 ) . D i s c h a r g e s of o i l 

and o i l ed w a s t e s f r o m s h i p y a r d s in h a r b o u r s , and d i s c h a r g e s 
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f r o m oi l sp i l l i n c i d e n t s , p a r t i c u l a r l y d u r i n g l o a d i n g or 

u n l o a d i n g of c r u d e oil or oil p r o d u c t s in p o r t s , are a l so c o m m o n 

( T l u b a , 1991) . T a b l e 1.5 s h o w s e x a m p l e s of t h e sca l e of r e l e a s e 

of t h i s t ype in s e a p o r t s . 

T a b l e 1,5 E x a m p l e s of oi l s p i l l s r e c o r d e d in s e a p o r t s , L i b y a . 

( S o c i a l i s t p o r t s Co. ) 

D A T E Q U A N T I T Y 

(L) 

T Y P E O F 

O I L 

R E S P O N S E 

T Y P E 

S E A 

P O R T 

2 0 . 0 8 . 1 9 8 6 148000 L i g h t oil Adechanica l M i s u r a t a 

0 8 . 0 3 . 1 9 8 9 800 L igh t oil c h e m i c a l s M i s u r a t a 

1 7 . 0 1 . 1 9 9 0 250 D i e s e l oi l c h e m i c a l s M i s u r a t a 

6 . 0 9 . 1 9 9 7 400 L i g h t Oil c h e m i c a l s M i s u r a t a 

1 0 . 0 6 . 1 9 9 7 130 N o 

i n f o r m a t i o n 

c h e m i c a l s 

N4echan ica l D e r n a 

M u n i c i p a l s e w a g e , w h i c h is d i s c h a r g e d in to s e a w a t e r in m o s t 

c i t i e s w i t h o u t p r o p e r t r e a t m e n t and the i n d u s t r i a l s e w a g e are 

s i g n i f i c a n t s o u r c e s of oi l p o l l u t i o n . The u n c o n t r o l l e d d i s c h a r g e 

of i n d u s t r i a l and d o m e s t i c w a s t e w a t e r is a w i d e s p r e a d p r o b l e m 
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t h r o u g h t he c o a s t a l z o n e i n p u t ( E l a z z a b i , 1 9 9 2 ) . It is e s t i m a t e d 

tha t the e m i s s i o n s of o r g a n i c w a t e r p o l l u t a n t s in 1980 in L ibya 

w e r e 3 , 5 3 2 k g / d a y and 0 .21 k g / d a y / w o r k e r ( W o r l d B a n k , 1998) . 

T h i s f i g u r e is r e l a t i v e l y h igh c o m p a r e d wi th o t h e r c o u n t r i e s tha t 

h a v e a l a r g e r p o p u l a t i o n . In I t a ly , fo r e x a m p l e , the f i g u r e was 

0 .13 k g / d a y / w o r k e r f o r the same year ( W o r l d B a n k , 1998) . It is 

e s t i m a t e d tha t 1 3 0 , 0 0 0 m^ of d o m e s t i c w a s t e w a t e r is g e n e r a t e d 

eve ry day in T r i p o l i a l o n e ( B a g h n i , 1998) . M o s t of t h i s 

w a s t e w a t e r goes to d i r e c t l y the sea u n t r e a t e d or p a r t l y t r e a t e d . 

In s u m m e r 1991 e s t i m a t e s i n d i c a t e d tha t 7 0 , 0 0 0 m^ of 

w a s t e w a t e r goes every day to the sea in f r o n t o f T r i p o l i c i ty 

d i r e c t l y , w i t h o u t any sor t of t r e a t m e n t ( B a g h n i , 1998) . T h i s 

w a s t e w a t e r c o n t a i n s o i l s and g r e a s e s of p e t r o l e u m o r i g i n and 

u n d o u b t e d l y c o n t r i b u t e s to the oil p o l l u t i o n p r o b l e m . 

L e v e l s of o i l p o l l u t i o n in the L i b y a n s e a w a t e r h a v e i n c r e a s e d 

over t i m e as a r e s u l t of i n c r e a s e d oil e x p l o i t a t i o n a c t i v i t i e s 

( P e t r o l e u m R e s e a r c h C e n t r e , 1987) . M e a s u r e m e n t s u n d e r t a k e n 

in the 1970s in p a r t s of the M e d i t e r r a n e a n Sea i n d i c a t e d t h a t the 

a rea o f f L ibya had a m e a n p e t r o l e u m h y d r o c a r b o n c o n c e n t r a t i o n 

of 2 4 . 9 p p m ( Z s o l n a y , 1979) . 

The f i r s t s u r v e y to a s s e s s the l e v e l s of oi l p o l l u t i o n in the 

L i b y a n w a t e r s was u n d e r t a k e n in 1977 ( E l a z z a b i , 1992) . 

A c c o r d i n g to M a g a z z u & A n g o t ( 1 9 8 1 ) p e t r o l e u m h y d r o c a r b o n 
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c o n c e n t r a t i o n in L i b y a n s e a w a t e r r e a c h e d 2 7 . 6 3 ppm in 1981. 

H i g h e r c o n c e n t r a t i o n s of p e t r o l e u m h y d r o c a r b o n s were f o u n d 

nea r s e a p o r t s , oi l r e f i n e r i e s , and in the v i c i n i t y of c o a s t a l c i t i e s 

( E l a z z a b i , 1992; P e t r o l e u m R e s e a r c h C e n t r e , 1984) . A r e c e n t 

s tudy s h o w e d tha t the h i g h e s t c o n c e n t r a t i o n s w e r e f o u n d in the 

v i c i n i t y of c i t i e s and i n d u s t r i a l a c t i v i t i e s , and was l i n k e d 

p a r t i c u l a r l y to m u n i c i p a l s e w a g e d i s c h a r g e s ( A l i g/ a / , 1998) . 

1 .9 .2 T h e l e g i s l a t i v e a n d m a n a g e r i a l c o n t e x t 

R e g u l a t i o n s fo r the p r o t e c t i o n of the e n v i r o n m e n t in L ibya 

s t a r t e d as ea r ly as 1971. A l t h o u g h the e x i s t i n g r e g u l a t i o n s are 

d e d i c a t e d to t h i s p u r p o s e , the e n v i r o n m e n t a l l e g i s l a t i o n p r o c e s s 

in L ibya is s t i l l in i ts ea r ly s t a g e . The d e v e l o p m e n t of 

e n v i r o n m e n t a l r e g u l a t i o n s is t a k i n g p l a c e s l o w l y as p u b l i c 

a w a r e n e s s g rows and more e n v i r o n m e n t a l i m p a c t s e m e r g e (Det 

N o r s k e V e r i t a s , 2 0 0 1 ) . A g e n e r a l r e v i e w of t h e e x i s t i n g 

e n v i r o n m e n t a l r e g u l a t i o n s w o u l d i n d i c a t e the b r e a d t h of the 

e n v i r o n m e n t a l i s s u e s c o v e r e d by the r e l e v a n t a c t s . T a b l e 1.6 

l i s t s the c h r o n o l o g i c a l d e v e l o p m e n t of the e n v i r o n m e n t a l 

l e g i s l a t i o n . 

A c o m p e t e n t e n v i r o n m e n t a l a u t h o r i t y was e s t a b l i s h e d in 1984 

a c c o r d i n g to the e n v i r o n m e n t p r o t e c t i o n act ( 7 ) of 1982 . The 

e n v i r o n m e n t a l a u t h o r i t y d e f i n e s s t r a t e g i e s and c o - o r d i n a t e s the 

r e l e v a n t m o n i t o r i n g f u n c t i o n s of n a t i o n a l i n s t i t u t i o n s . A n u m b e r 
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of n a t i o n a l r e s e a r c h c e n t r e s p r o v i d e t e c h n i c a l a s s i s t a n c e to the 

e n v i r o n m e n t a l a u t h o r i t y (Det N o r s k e V e r i t a s , 2 0 0 1 ) . 

A r r a n g e m e n t s f o r the e s t a b l i s h m e n t of a n a t i o n a l c o n t i n g e n c y 

p l a n f o r oil sp i l l c o m b a t had s t a r t e d in 1995. The b a s i c 

p r i n c i p l e s of the p l a n w e r e e s t a b l i s h e d but u n f o r t u n a t e l y , the 

p l an has not been c o m p l e t e d yet as a f i n a l a p p r o v e d p l an fo r 

d i f f e r e n t r e a s o n s , i n c l u d i n g a d m i n i s t r a t i v e o n e s . 

T a b l e 1.6 D e v e l o p m e n t of e n v i r o n m e n t a l l e g i s l a t i o n in L i b y a . 

D a t e of 

i s s u e 

T y p e of 

l e g i s l a t i o n L e g i s l a t i o n d e s c r i p t i o n 

1971 D e c i s i o n 

A p p r o v a l of p a r t i c i p a t i o n in the 

i n t e r n a t i o n a l c o n v e n t i o n of m a r i n e 

p o l l u t i o n of 1954 a n d a m e n d e d in 

1962. 

1973 Ac t P r e v e n t i o n of oil p o l l u t i o n in the sea 

1973 Act P u b l i c h e a l t h and t h e e n v i r o n m e n t . 

1982 Act N o . 3 R e g u l a t i o n of w a t e r e x p l o i t a t i o n . 

1982 Act N o . 5 P r o t e c t i o n of g r e e n a r e a s . 

1982 Act N o . 7 E n v i r o n m e n t a l p r o t e c t i o n . 
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1.9.3 I n t e r n a t i o n a l co -ope ra t ion 

A l t h o u g h the L i b y a n g o v e r n m e n t has e n a c t e d a n u m b e r of 

n a t i o n a l r e g u l a t i o n s r e g a r d i n g m a r i n e p o l l u t i o n , it b e l i e v e s tha t 

r e g i o n a l c o - o p e r a t i o n is the on ly e f f e c t i v e way to dea l w i t h the 

p r o b l e m . T h e r e f o r e , L ibya has b e c o m e a p a r t y to a n u m b e r of 

i n t e r n a t i o n a l c o n v e n t i o n s ( T a b l e 1 .3) . 

M a n y of L i b y a ' s n a t i o n a l e n v i r o n m e n t a l c o n c e r n s are pa r t of a 

l a r g e r r e g i o n a l a n d / o r g loba l p r o b l e m . T h e r e f o r e , L ibya b e c a m e 

a m e m b e r of many i n t e r n a t i o n a l o r g a n i s a t i o n s , t r e a t i e s , and 

i n t e r n a t i o n a l b o d i e s . L ike mos t of the d e v e l o p i n g c o u n t r i e s , 

L i b y a is s t i l l f a c i n g d i f f i c u l t i e s in the i m p l e m e n t a t i o n of the 

i n t e r n a t i o n a l c o n v e n t i o n s r e g a r d i n g m a r i n e p o l l u t i o n . T h e s e 

d i f f i c u l t i e s i n c l u d e i n a d e q u a c y of a d m i n i s t r a t i o n , lack of 

f a c i l i t i e s and lack of s k i l l e d p e r s o n n e l ( A t i a , 1993) . 

1 .10 R e s e a r c h a p p r o a c h e s a n d t h e s i s s t r u c t u r e 

The r e s e a r c h m e t h o d o l o g y c o n s i s t e d of two m a i n a p p r o a c h e s in 

o r d e r to f u l f i l the r e s e a r c h o b j e c t i v e s . The e c o l o g i c a l a p p r o a c h 

c o n s i s t e d of e c o l o g i c a l s u r v e y s tha t were d e s i g n e d to a s s e s s t he 

i m p a c t of oi l d e p o s i t i o n on c o a s t a l h a b i t a t s . T h i s a p p r o a c h w a s 

m a i n l y b a s e d on q u a n t i f y i n g of the d e p o s i t i o n of o i l on r o c k y 

s h o r e s and sandy b e a c h e s ; and c o m p a r i n g the a b u n d a n c e of 

s e l e c t e d s p e c i e s in d i f f e r e n t s i t e s in o rde r to a s s e s s the i m p a c t 

and i d e n t i f y the a f f e c t e d a r eas . 
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The a n a l y t i c a l p r o c e d u r e was d e s i g n e d to e v a l u a t e the l e v e l s of 

p e t r o l e u m h y d r o c a r b o n s in the s e a w a t e r and s e d i m e n t s w i t h i n 

the s t udy a r ea . T h i s a p p r o a c h was e m p l o y e d to e v a l u a t e the 

e x i s t i n g s t a t u s of t h i s i n c r e a s i n g b a c k g r o u n d p o l l u t i o n . Th i s 

was v i t a l to u n d e r s t a n d the g e o g r a p h i c a l d i s t r i b u t i o n p a t t e r n s of 

oi l p o l l u t i o n and , c o n s e q u e n t l y , a s s e s s i n g the i m p a c t and 

i d e n t i f y i n g the a f f e c t e d a r eas . Th i s a n a l y t i c a l a p p r o a c h was an 

e s s e n t i a l p r e r e q u i s i t e to the e c o l o g i c a l a p p r o a c h , in sp i t e of the 

f a c t t h a t t hey are i n t e r - l i n k e d . 

C h a p t e r T w o : Distribution of hydrocarbons on the Libyan 

coast. The a im of t h i s r e s e a r c h p r o g r a m m e w a s to s t udy the 

d i s t r i b u t i o n p a t t e r n s of oil p o l l u t i o n in the s t u d y a rea . The 

l e v e l s of p e t r o l e u m h y d r o c a r b o n s in s e a w a t e r a n d s e d i m e n t s 

w e r e e v a l u a t e d u s i n g an a n a l y t i c a l p r o c e d u r e . T h e l e v e l s of t h i s 

b a c k g r o u n d p o l l u t i o n were s t u d i e d and l i nked w i t h p r o b a b l e 

s o u r c e s . 

C h a p t e r T h r e e : Oil pollution reducing measures: an example of 

rgg/oM. The p u r p o s e of t h i s c h a p t e r was to s t u d y c h a n g e s in o i l 

p o l l u t i o n l e v e l s in S o u t h a m p t o n W a t e r by c o m p a r i n g p a s t and 

r e c e n t l e v e l s , to i n v e s t i g a t e m e a s u r e s t a k e n f o r r e d u c i n g oi l 

p o l l u t i o n in S o u t h a m p t o n Wate r , and to a s s e s s t h e a p p l i c a b i l i t y 

of such m e a s u r e s to t he L i b y a n c a s e . 
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C h a p t e r F o u r : OM f/ze Z/6}'aM Coa^'/^. t h i s 

c h a p t e r s t u d i e d the d e p o s i t i o n of t a r on s andy b e a c h e s and 

rocky s h o r e s . The e x i s t i n g l e v e l s of ta r d e p o s i t i o n were 

e s t i m a t e d , t he i r d i s t r i b u t i o n p a t t e r n s e x a m i n e d , and c h a n g e s in 

a m o u n t of ta r on s e l e c t e d sandy b e a c h e s were m e a s u r e d over a 

one m o n t h p e r i o d . 

C h a p t e r F ive : //Mjpacr 0/^0// OM f/zg 

This c h a p t e r e x a m i n e d the i m p a c t of c h r o n i c oil p o l l u t i o n on 

the L i b y a n r o c k y s h o r e s . The s tudy is based on the c o m p a r i s o n 

of the a b u n d a n c e of s p e c i e s f o u n d on the rocky s h o r e s in 

d i f f e r e n t s i t e s in o r d e r to a s s e s s the i m p a c t and i d e n t i f y the 

a f f e c t e d a r e a s . C o m p a r i s o n was m a d e b e t w e e n h e a v i l y p o l l u t e d 

and less p o l l u t e d s i t e s . The g e o g r a p h i c a l and s p a t i a l a s p e c t s of 

the e n v i r o n m e n t a l i m p a c t were a l so e x a m i n e d . 

C h a p t e r S ix : General Discussion: The main f i n d i n g s of the 

t h e s i s are s u m m a r i s e d and d i s c u s s e d . R e c o m m e n d a t i o n s f o r the 

p r o t e c t i o n of t he L i b y a n coas t a g a i n s t oi l p o l l u t i o n a re 

p r e s e n t e d , and c o n s i d e r a t i o n s fo r f u t u r e r e s e a r c h are s u g g e s t e d . 
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CHAPTER TWO: DISTRIBUTION OF 

HYDROCARBONS ON THE LIBYAN COAST 



C h a p t e r T w o : D i s t r i b u t i o n of H y d r o c a r b o n s on t h e L i b y a n 

c o a s t 

2 . 1 I n t r o d u c t i o n 

L i b y a is one of the m a j o r oi l p r o d u c e r s and e x p o r t e r s in the 

M i d d l e E a s t and N o r t h A f r i c a and E u r o p e ' s b i g g e s t N o r t h 

A f r i c a n oi l s u p p l i e r ( S c h m i t z , 2 0 0 1 ) . In a d d i t i o n to the 

e x t r e m e l y h i g h - q u a l i t y l o w - s u l p h u r c rude oil ( L a v e c c h i a & 

Z u g a r o , 2 0 0 0 ) , s u p p l i e s f r o m L i b y a to E u r o p e a n d e s t i n a t i o n s 

have the a d v a n t a g e of b e i n g c o s t - e f f e c t i v e ( S c h m i t z , 2 0 0 1 ) . 

Oil e x p l o r a t i o n b e g a n in 1 955 wi th the f i r s t o i l f i e l d s 

d i s c o v e r e d in 1959. C u r r e n t l y , L ibya has m o r e t h a n 12 oi l f i e l d s 

w i t h r e s e r v e s a c c o u n t i n g f o r m o r e than 84% of the 

M e d i t e r r a n e a n r e g i o n ' s oi l and gas r e s e r v e s ( S c h m i t z , 2 0 0 1 ) . 

The m a j o r c o m p o n e n t of L i b y a ' s e x p a n s i o n p l a n s is the 

d e v e l o p m e n t of o f f s h o r e oil p r o d u c t i o n . The d i s c o v e r y and 

d e v e l o p m e n t of the E l - B o u r i o f f s h o r e oil f i e l d , the l a r g e s t 

p r o d u c i n g oi l f i e l d in the M e d i t e r r a n e a n Sea ( S M I G r o u p , 2 0 0 0 ) 

added a n o t h e r s o u r c e of oil p o l l u t i o n in the L i b y a n w a t e r s . A 

p r o j e c t is u n d e r w a y to s u p p l y I t a ly by n a t u r a l g a s and oi l f r o m 

th i s f i e l d and o the r i n l a n d oil f i e l d s (DNV, 2 0 0 1 ) v i a p i p e l i n e s 
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u n d e r t he M e d i t e r r a n e a n Sea , w h i c h adds m o r e r i sk of oil s p i l l s 

o c c u r r i n g in the sea . 

Oil p o l l u t i o n a long the L i b y a n coas t is t h e r e f o r e s i g n i f i c a n t as a 

r e s u l t of o i l e x p l o r a t i o n , e x p l o i t a t i o n and t r a n s p o r t a t i o n . Oil 

s p i l l s f r o m t a n k e r s , l e a k a g e f r o m o f f s h o r e p r o d u c t i o n , b a l l a s t 

w a t e r and t a n k w a s h i n g o p e r a t i o n s , d i s c h a r g e s f r o m smal l 

s h i p y a r d s in h a r b o u r s , and d i s c h a r g e s and p i p e l i n e s l e a k a g e 

f r o m oil r e f i n e r i e s are m a j o r s o u r c e s of c o a s t a l p o l l u t i o n 

( M a g a z z u & A n g o t , 1981) . In a d d i t i o n , o i led w a s t e s , l u b r i c a n t s 

and g r e a s e s are r e l e a s e d in d i f f e r e n t f o r m s f r o m d i f f e r e n t 

i n d u s t r i a l c e n t r e s . 

It is i m p o r t a n t to e v a l u a t e the e x i s t i n g l eve l s of oi l p o l l u t i o n 

and i ts d i s t r i b u t i o n p a t t e r n s in o rde r to use t h i s i n f o r m a t i o n to 

p r o v i d e an i n d i c a t i o n of p o s s i b l e s o u r c e s , and i d e n t i f y r e s p o n s e 

p r i o r i t i e s . In some a r e a s , oi l p o l l u t i o n m o n i t o r i n g is an 

e s t a b l i s h e d o p e r a t i o n a l p r o c e d u r e , but e l s e w h e r e s u c h as in 

L ibya a f i r s t s t ep can be m a d e by u n d e r t a k i n g o n e - o f f s u r v e y s to 

i n d i c a t e the o v e r a l l s t a t u s of t he a rea . The a i m s of t h i s c h a p t e r 

are to e v a l u a t e the l e v e l s of oi l p o l l u t i o n in t h e s t u d y a rea by 

m e a s u r i n g the l e v e l s of p e t r o l e u m h y d r o c a r b o n s in t he s e a w a t e r 

and the s e d i m e n t s , and to s tudy the g e o g r a p h i c a l and s p a t i a l 

d i s t r i b u t i o n p a t t e r n s of t h i s b a c k g r o u n d jDol lu t ion . 
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2.2 G e o g r a p h i c a l a r e a of s t u d y 

The c o a s t a l zone of T r i p o l i t a n i a f r o m the wes t of T r i p o l i to the 

ea s t of M i s u r a t a ( f o r m e r l y ca l l ed T r i p o l i t a n i a ) has a long coas t 

on the M e d i t e r r a n e a n . A b o u t 500 km of rocky s h o r e s and sandy 

b e a c h e s a c c o m m o d a t e a s i g n i f i c a n t pa r t of the c o u n t r y ' s 

i n d u s t r i a l and c o m m e r c i a l a c t i v i t i e s (Al i et al, 1998) . The 

a c t i v i t i e s in th i s a rea i n c l u d e c rude oil r e f i n i n g , i ron and s tee l 

m a n u f a c t u r i n g , p e t r o c h e m i c a l i n d u s t r y and , r e c e n t l y , n a t u r a l gas 

t r e a t m e n t ( D N V , 2 0 0 1 ) . 

F o u r m a i n c o m m e r c i a l s e a p o r t s are l o c a t e d in t h i s c o a s t a l z o n e , 

one of w h i c h is T r i p o l i , the b i g g e s t and the b u s i e s t in the 

c o u n t r y . Th i s c o a s t a l zone is r e l a t i v e l y c lose to the o f f s h o r e 

p e t r o l e u m and n a t u r a l gas p r o d u c t i o n at the B o u r i oi l f i e l d , 

w h i c h is abou t 30km f r o m the coas t (SMI G r o u p , 2 0 0 0 ) . It is 

a l so l i n k e d to I ta ly by the new oil and gas p i p e l i n e w h i c h w i l l 

p r o v i d e I t a ly w i t h l a r g e a m o u n t s of oi l and gas ( D N V , 2 0 0 1 ) . 

M o r e o v e r , abou t 50% of the L ibyan p o p u l a t i o n a re c o n c e n t r a t e d 

in a n a r r o w c o a s t a l s t r i p w i t h i n th i s a rea . T h e r e f o r e t h i s a r ea is 

p r o b a b l y the mos t v u l n e r a b l e to oil p o l l u t i o n o n the L i b y a n 

c o a s t . 

The a v a i l a b i l i t y of i n f o r m a t i o n on h y d r o g r a p h y i s a key to 

u n d e r s t a n d i n g m a r i n e p o l l u t i o n p r o b l e m s . The v e r t i c a l s t r u c t u r e 

and t he c i r c u l a t i o n p a t t e r n of wa te r m a s s e s , a l o n g w i t h o t h e r 
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f a c t o r s , c o n t r o l the d i s t r i b u t i o n of p o l l u t a n t s ( M a g a z z u & 

A n g o t , 1981) . U n f o r t u n a t e l y , t h e r e are no o c e a n o g r a p h i c da t a 

a v a i l a b l e abou t the L i b y a n w a t e r s in T r i p o l i t a n i a ' s c o a s t ; 

o c e a n o g r a p h i c c o n d i t i o n s of t h i s r e g i o n have b e e n p o o r l y 

s t u d i e d ( M a g a z z u & A n g o t , 1981) . Only one s t u d y has been 

c a r r i e d out d u r i n g 1973- 1974 ( S o g r e a h , 1977) w h i c h p r o v i d e s a 

d e s c r i p t i o n of the o c e a n o g r a p h i c r e g i m e on a s e a s o n a l b a s i s . 

The o c e a n o g r a p h i c p a t t e r n s of the L i b y a n w a t e r s (F ig s . 2 .1 & 

2 .2 ) are c h a r a c t e r i s e d by the p r e s e n c e of t h r e e w a t e r m a s s e s : 

A t l a n t i c w a t e r , i n t e r m e d i a t e wa te r and s u r f a c e w a t e r (F ig . 2 . 2 ) . 

T h e s e p a t t e r n s have b e e n d e s c r i b e d by S o g r e a h ( 1 9 7 7 ) and 

M a g a z z u & A n g o t ( 1 9 8 1 ) . 

In t h i s c o n t e x t , two m a i n r e g i m e s can be i d e n t i f i e d : the s u m m e r 

r e g i m e and the w i n t e r r e g i m e . In w i n t e r , w a t e r o r i g i n a t i n g f r o m 

the A t l a n t i c is f o u n d at the s u r f a c e . Th i s c u r r e n t e x i s t s a l o n g 

the c o a s t w i th t e m p e r a t u r e r a n g e s f r o m 14°C t o 16°C. The c o l d 

A t l a n t i c c u r r e n t s e p a r a t e s in to two b r a n c h e s t h a t m e r g e o f f 

T r i p o l i ; one c u r r e n t b e c o m e s w a r m e r as it m o v e s eas t (F ig . 2 . 2 ) . 

It b e c o m e s w a r m e r t h r o u g h m i x i n g w i t h w a t e r m a s s e s by the 

t i m e it r e a c h e s M i s u r a t a ( M a g a z z u & A n g o t , 1 9 8 1 ) . 

In s u m m e r , the t e m p e r a t u r e of s u r f a c e wa te r i n c r e a s e s , w i t h a 

s u r f a c e v a l u e of a r o u n d 2 6 ° C ( M a g a z z u & A n g o t , 1981 ) . T h i s 
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w a t e r o r i g i n a l l y came f r o m the A t l a n t i c but i t s p r o p e r t i e s have 

c h a n g e d due to the s u m m e r t i m e c l i m a t e c o n d i t i o n s w h i l e t y p i c a l 

A t l a n t i c w a t e r can be f o u n d u n d e r n e a t h (F ig . 2 .1 , 2 .2 ) . 

A w a r m w a t e r c u r r e n t r e a c h e s the T r i p o l i t a n i a n coas t o f f Z w a r a , 

c o m i n g f r o m the n o r t h e r n a rea b e t w e e n the i s l a n d s of L i n o s a and 

M a l t a . The c o a s t l i n e d i v e r t s pa r t of t h i s c u r r e n t t o w a r d s T r i p o l i 

and M i s u r a t a . 

Tunisia 

Malta 

/ 

N 
i i 

f>\crDa 

Tripoli 

K. horns 

M is u rata 

F i g u r e 2 .1 I s o t h e r m s ( °C) a n d c u r r e n t s of s u r f a c e w a t e r 
d u r i n g s u m m e r ( N o t to s c a l e ) . ( M a g a z z u & A n g o t , 1981) . 
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l>jerl>a 

Tripoli 
Surface Wafer 

Intermediate Water 

A t l a n t i c w a t e r 
Libya 

F i g u r e 2 .2 P a t t e r n of s u m m e r c u r r e n t s a l o n g t h e L i b y a n c o a s t . N o t to s c a l e ; c o n t o u r s s h o w d e p t h i 
( ] M a g a z z u & A n g o t , 1981) . 

in m. 
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2.3 S a m p l i n g s i t e s 

S a m p l i n g s i t e s were c h o s e n to r e p r e s e n t b o t h p o l l u t e d a r ea s and 

l e s s p o l l u t e d or u n p o l l u t e d a r ea s f o r c o m p a r i t i v e p u r p o s e s (F ig . 

2 .4 ) . 

S a m p l i n g was c a r r i e d out in the v i c i n i t y of e x p e c t e d p o l l u t i o n 

s o u r c e s such as oil r e f i n e r i e s , and m u n i c i p a l s e w a g e d i s c h a r g e s . 

S a m p l e s w e r e a l so t a k e n f r o m the n e i g h b o u r i n g a r ea s eas t and 

wes t of each c i ty . D i s t a n c e s b e t w e e n the n e i g h b o u r i n g a r ea s and 

the c i t i e s were m e a s u r e d f r o m the end of p o p u l a t i o n s e t t l e m e n t s . 

T h e s e l a n d m a r k s were c o n s i d e r e d as c i ty b o u n d a r i e s . 

In al l c a s e s , s a m p l i n g s i t e s were no f u r t h e r t h a n 40 km f r o m 

each o t h e r . Th i s s a m p l i n g s c h e m e is t y p i c a l f o r d e a l i n g w i t h an 

e n v i r o n m e n t such as the case of L i b y a n coas t w h e r e no b a s i c 

da t a e x i s t to make a r e a s o n a b l e c h o i c e of s a m p l i n g l o c a t i o n s 

( M a g a z z u & A n g o t 1981) . Two s i t e s were s e l e c t e d as c o n t r o l 

s i t e s : 4 0 k m eas t of M i s u r a t a ( c o n t r o l s i te 1) a n d Z l i t e n ( c o n t r o l 

s i t e 2) . T h e s e s i t e s are r e l a t i v e l y fa r f r o m p o s s i b l e s o u r c e s of 

p o l l u t i o n (F ig . 2 .3 & 2 .4 ) . 
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R e g i o n 

M i s u r a t a 

Z l i t e n 

K h o m s 

T a j o r a 

T r i p o l i 

Z a w i a 

Zwara 

40km east 

N e a r e s t poss ib le 
s o u r c e of p o l l u t i o n 

( w i t h i n 5km) 

None 

Iron & Steel Complex Industrial Sewage 

Seaport Seaport 

Citv f.Tannat) Municipal Sewage 

30km west (Dafnia) None 
/ 

\ 

3 km east None 

3 km west Municipal Sewage 

^ 3 km east Municipal Sewage 

Seaport Seaport 

3 km west Municipal Sewage 

V 

3 km east Municipal Sewage 

3 km west Municipal Sewage 

3 km east Municipal Sewage 

Seaport Seaport 

3 km east Municipal Sewage 

10km west (Janzour) Industrial Sewage 

\ 

3 km east Municipal Sewage 

Oil Refinery Oil Refmerv 

3 km west Municipal Sewage 

3 km east Municipal Sewage 

3 km west Municipal Sewage 

Abo-Kammash Industrial Sewage 

F i g u r e 2 ,3 S a m p l i n g s i t e s . 
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;po km 

F i g u r e 2 .4 L o c a t i o n of s a m p l i n g s i t e s and s tudy area . 
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2 .4 M e a s u r e m e n t of oil p o l l u t i o n 

C o n c e n t r a t i o n s of h y d r o c a r b o n s were m e a s u r e d bo th in s e a w a t e r 

and s e d i m e n t s f r o m s e l e c t e d s i t e s u s ing the g r a v i m e t r i c 

d e t e r m i n a t i o n t e c h n i q u e . Th i s t e c h n i q u e was s e l e c t e d f o r t h r e e 

r e a s o n s . F i r s t l y , t h i s t e c h n i q u e was used in a s i m i l a r s tudy f o r a 

p a r t of t he s t udy a rea (Al i e/ aZ, 1998) , so r e s u l t s can be 

c o m p a r a b l e . S e c o n d l y , it is s i m p l e and r e l a t i v e l y q u i c k 

a n a l y t i c a l p r o c e d u r e c o n s i d e r i n g the l i m i t e d t i m e and the 

a n a l y t i c a l f a c i l i t i e s a v a i l a b l e d u r i n g the f i e l d w o r k t r i p . T h i r d l y , 

it p r o v i d e s a q u a n t i t a t i v e m e a s u r e of the t o t a l e x t r a c t a b l e 

h y d r o c a r b o n c o n t e n t of the wa te r and s e d i m e n t s a m p l e s ; and is 

a p p r o v e d m e t h o d by t he A m e r i c a n S o c i e t y f o r T e s t i n g and 

M a t e r i a l s f o r t h i s k ind of s tudy ( A S T M , 1 9 9 6 ) . 

2 . 4 . 1 S e a w a t e r 

S a m p l e s were c o l l e c t e d in 1.5 l i t r e g l a s s b o t t l e s f r o m 

22 d i f f e r e n t s i t e s f r o m the s u r f a c e w a t e r a l o n g t he s tudy a r ea . 

The b o t t l e s were w a s h e d and d r i e d , and w e r e r i n s e d w i t h 

c h l o r o f o r m i m m e d i a t e l y b e f o r e c o l l e c t i o n of s a m p l e s . 

A d u p l i c a t e s a m p l e was t a k e n f r o m each s i te a n d the a v e r a g e 

w a s c a l c u l a t e d f o r e a c h s i t e a f t e r the a n a l y s i s . S a m p l e s w e r e 

c o l l e c t e d f r o m 3m o f f s h o r e . A 40ml a l i q u o t of s o l v e n t 

( c h l o r o f o r m ) was a d d e d i m m e d i a t e l y to the s a m p l e a f t e r 

c o l l e c t i o n . 
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Analytical procedure: An a l i q u o t of 2 5 0 m l o f s e a w a t e r was 

e x t r a c t e d wi th c h l o r o f o r m in a s e p a r a t o r f u n n e l . C h l o r o f o r m 

( 6 0 m l ) was added to the s a m p l e and s h a k e n v i g o r o u s l y fo r 3 -5 

m i n u t e s and t r a n s f e r r e d to a s e p a r a t o r f u n n e l and s h a k e n . The 

e x t r a c t was s e p a r a t e d e a s i l y b e c a u s e of a d i f f e r e n c e in the 

s p e c i f i c g r a v i t y b e t w e e n w a t e r and c h l o r o f o r m . The e x t r a c t was 

t h e n t r a n s f e r r e d to a b o i l i n g f l a s k of a k n o w n w e i g h t , the 

s o l v e n t e v a p o r a t e d in a hot wa te r ba th and r e c o v e r e d . The 

r e m a i n i n g r e s i d u e s w e r e d r i ed in a d e s i c c a t o r f o r one h o u r , 

r e m o v e d , and w e i g h e d i m m e d i a t e l y on an e l e c t r o n i c b a l a n c e . 

E v e r y ca re was t a k e n to e n s u r e a c c u r a c y d u r i n g t r a n s f e r r i n g and 

w e i g h i n g the e x t r a c t . S a m p l e b o t t l e s were r i n s e d t w i c e wi th the 

s o l v e n t and added to the s a m p l e in the s e p a r a t o r f u n n e l . The 

e x t e r i o r of the f l a s k s was w iped wi th a l i n t - f r e e c l o t h and a 

s m a l l a m o u n t of a c e t o n e to r e m o v e any a d h e r i n g w a t e r , and 

m e t a l t o n g s w e r e used to h a n d l e the g l a s s w a r e . C a l c u l a t i o n s 

w e r e made as f o l l o w s : 

H C c o n e . ( m g / L ) = [ ] X 1000 

W h e r e : 

A= O r i g i n a l w e i g h t of b o i l i n g f l a s k (mg) . 

B = W e i g h t of b o i l i n g f l a s k a f t e r r e m o v a l of t h e s o l v e n t ( m g ) . 

C= V o l u m e of s a m p l e (ml ) . 
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2 . 4 . 2 S e d i m e n t s 

Sampling: S a m p l e s were c o l l e c t e d f r o m 22 d i f f e r e n t s i t e s a long 

the s tudy a r ea . S e d i m e n t s were s a m p l e d by h a n d or by a m e a n s 

of a g rab f r o m 3m o f f s h o r e . A d u p l i c a t e s a m p l e was t a k e n f r o m 

each s i t e and the a v e r a g e was c a l c u l a t e d fo r e a c h s i t e . 

Analytical procedure: H y d r o c a r b o n s in 50g o f wet s e d i m e n t s 

were e x t r a c t e d wi th 2 0 0 m l c h l o r o f o r m in a s o x h l e t a p p a r a t u s fo r 

s ix h o u r s . The e x t r a c t t hen was s e p a r a t e d t r a n s f e r r e d to a 

b o i l i n g f l a s k of a k n o w n w e i g h t . The s o l v e n t w a s t h e n 

e v a p o r a t e d on a hot w a t e r ba th and ro t a ry e v a p o r a t o r . The 

r e m a i n i n g r e s i d u e s were d r ied in a d e s i c c a t o r f o r one hou r at 

105°C , r e m o v e d , and w e i g h e d i m m e d i a t e l y on an e l e c t r o n i c 

b a l a n c e . Eve ry ca re was t a k e n to e n s u r e a c c u r a c y d u r i n g 

t r a n s f e r r i n g and w e i g h i n g the e x t r a c t . The e x t e r i o r s of f l a s k s 

w e r e w i p e d w i t h a l i n t - f r e e c l o t h and a smal l a m o u n t of a c e t o n e 

to r e m o v e any a d h e r i n g w a t e r , and m e t a l t o n g s w e r e u s e d to 

h a n d l e the g l a s s w a r e to avo id d e p o s i t i o n of b o d y o i l s . 

C a l c u l a t i o n s were m a d e as f o l l o w s : 

HC conc . ( m g / L ) - ^ 

W h e r e : 

A= O r i g i n a l w e i g h t of b o i l i n g f l a s k (mg) . 

B= W e i g h t of b o i l i n g f l a s k a f t e r r e m o v a l of t h e s o l v e n t ( m g ) . 

C= W e i g h t of s a m p l e (mg) . 
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2 .5 R e s u l t s 

H y d r o c a r b o n l e v e l s in the s e d i m e n t s have b e e n c o m p a r e d wi th 

da ta f r o m the su rvey of Al i et al ( 1 9 9 8 ) . A l t h o u g h the su rvey of 

Al i et al ( 1 9 9 8 ) did not i n c l u d e all of the s a m p l i n g s i t e s t ha t 

have been c o v e r e d by th i s s tudy , the r e s u l t s of b o t h s t u d i e s are 

c o m p a r a b l e as they f o l l o w e d the same a n a l y t i c a l t e c h n i q u e . The 

s tudy of Al i e/ a / ( 1 9 9 8 ) c o v e r e d T a j o r a , Z a w i a , Z w a r a , and 

A b o u - K a m m a s h . T h e r e was a c o n s i d e r a b l e r i s e in h y d r o c a r b o n 

l e v e l s in t he s e d i m e n t s at all s i t e s s ince 1998 e x p e c t T a j o r a 

w h e r e the a v e r a g e c o n c e n t r a t i o n in 1998 was 126 p p m and 

d e c r e a s e d s l i g h t l y to 112 ppm in 1999 (F ig . 2 . 5 ) . 

The h i g h e s t l eve l of h y d r o c a r b o n s in the s e d i m e n t s at t h e s e 

s i t e s was r e c o r d e d in A b o u - K a m m a s h in 1998 w i t h an a v e r a g e 

c o n c e n t r a t i o n of 167 p p m . The a v e r a g e h y d r o c a r b o n 

c o n c e n t r a t i o n in t h i s s i t e in 1999 was 465 p p m ( F i g . 2 .5 ) . 

The l o w e s t h y d r o c a r b o n c o n c e n t r a t i o n s in the s e d i m e n t s a m o n g 

t h e s e s i t e s in 1998 w e r e r e c o r d e d in Z a w i a and Z w a r a w i t h 

a v e r a g e s of 110 ppm and 63 ppm r e s p e c t i v e l y . T h e h y d r o c a r b o n 

c o n c e n t r a t i o n i n c r e a s e d c o n s i d e r a b l y in 1999 a t t h e s e two s i t e s 

to 657 .5 ppm and 2 5 2 . 5 p p m r e s p e c t i v e l y (F ig . 2 . 5 ) . 
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F i g u r e 2 .5 H C in t h e s e d i m e n t s a t t h e s a m p l i n g s i t e s in 1998 
and 1999 . V e r t i c a l ba r s show s t a n d a r d d i f f e r e n c e . 
S o u r c e of 1998 da t a : (Al i gr a / , 1998) . 

In all of the s a m p l i n g s i t e s , the c o n c e n t r a t i o n s of h y d r o c a r b o n s 

were m u c h h i g h e r in the s e d i m e n t s t han in the w a t e r s a m p l e s 

(F ig . 2 .6 ) . The l o w e s t l eve l of h y d r o c a r b o n s w e r e f o u n d in 

s a m p l e s f r o m the c o n t r o l s i t e s 1 and 2 ( i . e . 4 0 k m eas t of 

M i s u r a t a and Z l i t e n ) w i th a v e r a g e s of 34 ppm a n d 134 p p m in 

t he s e d i m e n t s ; and 2 ppm and 5 p p m in the s e a w a t e r ( F i g . 2 . 6 ) . 

49 



The h i g h e s t c o n c e n t r a t i o n s of h y d r o c a r b o n s in the s e d i m e n t s 

w e r e r e c o r d e d in K h o m s and Z a w i a , wi th a v e r a g e s of 93 1 ppm 

in K h o m s and 6 5 7 . 5 ppm in Z a w i a (F ig . 2 .6 ) . In the s e a w a t e r 

the h i g h e s t c o n c e n t r a t i o n s of h y d r o c a r b o n s w e r e r e c o r d e d in 

Z a w i a and T r i p o l i w i t h a v e r a g e s of 32 .75 ppm and 14.5 ppm 

r e s p e c t i v e l y . 
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F i g u r e 2 .6 H C in s e a w a t e r a n d t h e s e d i m e n t s . 
V e r t i c a l ba r s show s t a n d a r d d i f f e r e n c e . 
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The r e s u l t s s h o w e d a g r a d u a l i n c r e a s e of h y d r o c a r b o n s in 

s e a w a t e r t o w a r d s the w e s t e r n s i t e s (F ig . 2 .7 ) . Th i s p a t t e r n 

e x c l u d e s the s i t e s t ha t are in the i m m e d i a t e v i c i n i t y of l o c a l i s e d 

p o l l u t i o n s o u r c e s such as the m u n i c i p a l s e w a g e o u t l e t s and the 

s e a p o r t s . The a v e r a g e c o n c e n t r a t i o n of h y d r o c a r b o n s in the 

s e a w a t e r i n c r e a s e d f r o m 2 ppm in c o n t r o l s i te 1, w h i c h is at the 

e a s t e r n end of the s tudy a r ea , to 2 1 . 7 5 ppm in 3km wes t of 

Z a w i a . The a v e r a g e h y d r o c a r b o n c o n c e n t r a t i o n in the s e a w a t e r 

was 5 p p m in c o n t r o l s i te 2, 8 p p m in K h o m s , 9 p p m in Ta j ora 

and 14 p p m in T r i p o l i . 

The a v e r a g e h y d r o c a r b o n c o n c e n t r a t i o n in the s e d i m e n t s 

i n c r e a s e d t o w a r d the w e s t e r n s i t e s of the s t u d y a rea but the 

p a t t e r n was not as c l ea r as in the s e a w a t e r s a m p l e s (F ig . 2 . 7 ) . 

The a v e r a g e c o n c e n t r a t i o n of h y d r o c a r b o n s in t h e s e d i m e n t s 

i n c r e a s e d g r a d u a l l y f r o m 34 ppm in c o n t r o l s i t e 1 to 330 p p m in 

3km wes t of Z a w i a wi th e x c e p t i o n of K h o m s . In K h o m s the 

c o n c e n t r a t i o n of h y d r o c a r b o n s in the s e d i m e n t s was the h i g h e s t 

a m o n g o t h e r s i t e s w i t h an a v e r a g e of 931 .5 p p m (F ig . 2 . 7 ) . 
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F i g u r e 2 .7 D i s t r i b u t i o n p a t t e r n of H C on t h e s t u d y a r e a 
( E x c l u d i n g s i t e s t h a t a r e in t h e i m m e d i a t e v i c i n i t y of 
p o l l u t i o n s o u r c e s ) . V e r t i c a l bar's s h o w s t a n d a r d d i f f e r e n c e . 
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L e v e l s of h y d r o c a r b o n s w e r e much h i g h e r in s e a p o r t s c o m p a r e d 

w i t h t he n e i g h b o u r i n g a r e a s (F ig . 2 .8 ) . In M i s u r a t a , the a v e r a g e 

c o n c e n t r a t i o n of h y d r o c a r b o n s in the s e d i m e n t s was 429 p p m in 

the s e a p o r t , 219 ppm 3km eas t of the s e a p o r t , and 141 ppm 3km 

w e s t of the s e a p o r t . In K h o m s s e a p o r t , the a v e r a g e was 1454 .5 

p p m w h i l e in the n e i g h b o u r i n g a reas the a v e r a g e s were 9 3 1 . 5 0 

ppm and 1037 ppm 3km eas t and wes t r e s p e c t i v e l y . 

In T r i p o l i ' s s e a p o r t , t he a v e r a g e was 553 .5 p p m w h i l e in the 

n e i g h b o u r i n g a r ea s the a v e r a g e s were 2 2 4 . 5 p p m and 219 p p m 

3km eas t and wes t r e s p e c t i v e l y . 
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F i g u r e 2 .8 H C in s e d i m e n t s ( s e a p o r t s v e r s u s t h e n e i g h b o u r i n g 
a r e a s ) . V e r t i c a l ba r s s h o w s t a n d a r d d i f f e r e n c e . 
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L e v e l s of h y d r o c a r b o n s were much h i g h e r in t h e s e a w a t e r and 

the s e d i m e n t s a d j a c e n t to mos t of the c i t i e s c o m p a r e d wi th the 

n e i g h b o u r i n g a r ea s ( e x c l u d i n g the s e a p o r t s ) ( F i g . 2 .9 ) . In 

T r i p o l i , f o r e x a m p l e , the a v e r a g e c o n c e n t r a t i o n of h y d r o c a r b o n s 

in s e a w a t e r was 14 p p m in f r o n t of the c i ty , 9 p p m eas t of the 

c i t y , and 7 p p m w e s t of the c i ty (F ig . 2 . 9 ) . 

The h i g h e s t c o n c e n t r a t i o n of h y d r o c a r b o n s in t h e s e d i m e n t s 

c o m p a r e d w i t h the n e i g h b o u r i n g a r ea s was r e c o r d e d in K h o m s . 

The a v e r a g e in K h o m s was 1037 .5 p p m , w h i l e to the eas t of the 

c i ty t he a v e r a g e was 107 .5 p.pm, and to the w e s t of the c i ty the 

a v e r a g e w a s 119 p p m . O t h e r c i t i e s had h i g h e r c o n c e n t r a t i o n of 

h y d r o c a r b o n s in the s e d i m e n t s c o m p a r e d w i t h t h e n e i g h b o u r i n g 

a r e a s but not as h igh as in K h o m s . In T r i p o l i , f o r e x a m p l e , the 

a v e r a g e c o n c e n t r a t i o n in the s e d i m e n t s was 2 2 4 . 5 in f r o n t of the 

c i ty , 162.5 ppm eas t of the c i ty , and 127.5 p p m w e s t of the c i ty 

(F ig . 2 . 9 ) . 
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F i g u r e 2 .9 H C in t h e s e a w a t e r a n d t h e s e d i m e n t s in t h e 
v i c i n i t y of t h e c i t i e s v e r s u s t h e n e i g h b o u r i n g a r e a s . D i s t a n c e 
b e t w e e n c i t i e s a n d t h e n e i g h b o u r i n g a r e a s r a n g e f r o m 3 k m to 
4 0 k m e a s t a n d w e s t of t h e c i t i e s ) . 
V e r t i c a l ba r s show s t a n d a r d d i f f e r e n c e . 

55 



2 .6 D i s c u s s i o n 

T h e r e w a s a c o n s i d e r a b l e r i s e in h y d r o c a r b o n l e v e l s in t he 

s e d n m e n t s of t h e s t u d y a r e a s i n c e 1998 ( F i g . 2 . 5 ^ T h i s c h a n g e 

i n d i c a t e s t h e p o s s i b l e a c c u m u l a t i o n of h y d r o c a r b o n s in t he 

s e d i m e n t s . A c c u m u l a t i o n of p e t r o l e u m h y d r o c a r b o n s on the nea r -

s h o r e s s e d i m e n t s o c c u r s in h i g h e r r a t e s t h a n in o f f s h o r e 

s e d i m e n t s ( L i p i a t o u g/ aZ, 1 9 9 7 ) . 

In a l l of t h e s a m p l i n g s i t e s t he c o n c e n t r a t i o n s of h y d r o c a r b o n s 

w e r e m u c h h i g h e r in s e d i m e n t s t h a n in t he w a t e r s a m p l e s ( F i g . 

2 . 6 ) . T h i s s u g g e s t s t h a t t he d i s p e r s i o n p r o c e s s is p r o b a b l y m u c h 

s l o w e r t h a n t h e d e p o s i t i o n r a t e , w h i c h m a k e h y d r o c a r b o n s 

a c c u m u l a t e on t h e s e d i m e n t s in l a r g e q u a n t i t i e s . T h e s t r o n g 

a f f i n i t y of h y d r o c a r b o n s , p a r t i c u l a r l y the p o l y c y c l i c a r o m a t i c 

h y d r o c a r b o n s , f o r s e d i m e n t s and o t h e r p a r t i c u l a t e m a t t e r m a k e s 

t h e m a c c u m u l a t e to m u c h h i g h e r c o n c e n t r a t i o n s on t h e s e a f l o o r 

t h a n in t he o v e r l y i n g w a t e r s ( K e n n i s h , 1998 ) . 

M a n y f a c t o r s t he s u c h as t h e w a v e a c t i o n and w i n d s p e e d m a y 

a f f e c t t he d i s p e r s i o n p r o c e s s of p e t r o l e u m h y d r o c a r b o n s in t h e 

m a r i n e e n v i r o n m e n t ( S a n t a s & S a n t a s , 2 0 0 0 ; T h o r p e , 2 0 0 0 ) . In 

c o a s t a l or c o n t i n e n t a l s h e l f w a t e r s s u c h as t h i s p a r t of t h e 

L i b y a n c o a s t , w h e r e w i n d s a re u s u a l l y m o d e r a t e , t h e w i n d s p e e d 

can be a m a j o r i n f l u e n c i n g f a c t o r in t h i s p r o c e s s ( T h o r p e , 

2 0 0 0 ) . 
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The l o w e s t l e v e l s of h y d r o c a r b o n s in s e d i m e n t s were f o u n d in 

s a m p l e s f r o m the c o n t r o l s i t e s 1 and 2: 40km eas t of M i s u r a t a 

and Z l i t e n . The h i g h e s t l e v e l s of h y d r o c a r b o n s in the s e d i m e n t s 

w h e r e f o u n d in s a m p l e s at K h o m s (F ig . 2 .6 ) . A l t h o u g h t h e r e are 

l ess p o l l u t i o n i n p u t s f r o m i n l a n d s o u r c e s in t h e v i c i n i t y of 

K h o m s c o m p a r e d wi th o the r s i t e s such as T r i p o l i and Z a w i a , but 

m o s t of the m u n i c i p a l s ewage in t h i s t o w n is d i s c h a r g e d d i r e c t l y 

in to the sea w i t h o u t p r o p e r t r e a t m e n t . S a m p l e s t a k e n f r o m th i s 

s i t e c o u l d c o n t a i n h i g h l e v e l s of h y d r o c a r b o n s tha t o r i g i n a t e d 

f r o m th i s s o u r c e of p o l l u t i o n . A n o t h e r f e a s i b l e e x p l a n a t i o n is 

t ha t the s a m p l e s c o u l d have been t a k e n a s h o r t t i m e a f t e r a 

m i n o r oil sp i l l i n c i d e n t in the s e a p o r t or in t h e n e i g h b o u r i n g 

a rea . U n f o r t u n a t e l y such i n c i d e n t s are r a r e ly r e p o r t e d in L i b y a 

and are d i f f i c u l t to t r a c e . 

It was n o t e d t h a t the c o n c e n t r a t i o n s of h y d r o c a r b o n s i n c r e a s e 

t o w a r d s the wes t (F ig . 2 .7 ) . F a c t o r s such as t h e p r e s e n c e of 

m o r e i n l a n d p o l l u t i o n s o u r c e s ( i . e . oi l r e f i n e r y and i n d u s t r i a l 

a c t i v i t i e s ) , o f f s h o r e oi l p r o d u c t i o n in the w e s t e r n a r ea , and t he 

p a t t e r n of sea c u r r e n t s are l i ke ly to a c c o u n t f o r t h i s f i n d i n g 

(F ig . 2 .2 ) . 

T h e r e is a g r a d u a l i n c r e a s e in h y d r o c a r b o n c o n c e n t r a t i o n 

t o w a r d s the w e s t e r n s i t e s (F ig . 2 . 7 ) . Th i s p a t t e r n e x c l u d e s t he 

s i t e s t h a t are in the i m m e d i a t e v i c i n i t y of l o c a l i s e d p o l l u t i o n 
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s o u r c e s such as the m u n i c i p a l s e w a g e o u t l e t s and the s e a p o r t s . 

Such s i t e s are u n d e r the d i r e c t i n f l u e n c e of p o l l u t i o n i n p u t s and 

t h e r e f o r e may not p r o b a b l y r e p r e s e n t the g e n e r a l d i s t r i b u t i o n 

p a t t e r n of h y d r o c a r b o n s in the s tudy a rea . , 

It was f o u n d tha t t he r e is a c l ea r p a t t e r n of h y d r o c a r b o n i n c r e a s e 

in the s e a w a t e r t o w a r d s the wes t wh i l e it is n o t very c l ea r in the 

s e d i m e n t s (F ig . 2 .7 ) . T h i s p r o b a b l y can be e x p l a i n e d by the 

b e h a v i o u r of oil in the sea and the d i r e c t i o n o f w a t e r c u r r e n t s 

a d j a c e n t to the c o a s t l i n e of the s tudy a rea ( F i g . 2 .2 ) . Pa r t of the 

h y d r o c a r b o n s tha t en t e r the sea is d e p o s i t e d on the s eabed and 

m i x w i t h sea s e d i m e n t s f o r some t i m e , o the r p a r t s r e m a i n 

s u s p e n d e d in the w a t e r c o l u m n ( S h e l t o n , 1 9 7 1 ) . P a r t s w h i c h are 

s u s p e n d e d in the w a t e r c o l u m n can be c a r r i e d in any d i r e c t i o n 

a c c o r d i n g to the p r e v a i l i n g c u r r e n t , and may b e t r a n s p o r t e d ove r 

h u n d r e d s of k i l o m e t r e s ( N o j i e/ a / , 2002 ; W i t t , 2 0 0 2 ) . 

It is t h o u g h t t ha t the mos t i m p o r t a n t f a c t o r in t h i s p a r t i c u l a r 

p r o c e s s is the p a t t e r n of the c u r r e n t s in the s u r f a c e w a t e r s 

a d j a c e n t to the c o a s t l i n e . T h u s , the sea c u r r e n t s in t h i s p a r t of 

the L i b y a n coas t ca r ry the h y d r o c a r b o n s tha t a r e s u s p e n d e d in 

the w a t e r c o l u m n f r o m the e a s t e r n s i t e s t o w a r d s t he w e s t e r n 

s i t e s such as K h o m s , T r i p o l i and Z a w a i . 
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L e v e l s of h y d r o c a r b o n s w e r e m u c h h i g h e r in s e a p o r t s c o m p a r e d 

w i t h t h e n e i g h b o u r i n g a r e a s p a r t i c u l a r l y in t h e s e d i m e n t s (F ig . 

2 . 8 ) . Oi l p r o d u c t l o a d i n g o p e r a t i o n s , a c t i v i t i e s in m a r i t i m e 

w o r k s h o p s , and o t h e r d a i l y w o r k p r a c t i c e s a r e t h e m a i n i n p u t s of 

o i l p o l l u t i o n in t he L i b y a n p o r t s ( T l u b a , 1 9 9 1 ) . S e a p o r t s , as 

s e m i e n c l o s e d b a s i n s , r e t a i n p o l l u t i o n due to l e s s i n t e r a c t i o n 

w i t h t h e o p e n s ea . H y d r o c a r b o n s d e g r a d e f a s t e r in t h e o p e n sea 

( Z o b e l l , 1 9 7 2 ) b e c a u s e of m i x i n g and o x y g e n a t i o n , t h r o u g h the 

m o v e m e n t of sea c u r r e n t s and t h e w a v e a c t i o n ( S a n t a s & S a n t a s , 

2 0 0 0 ) . 

A p a r t f r o m s e a p o r t s , l e v e l s of h y d r o c a r b o n s w e r e m u c h h i g h e r 

b o t h in s e a w a t e r and s e d i m e n t s in m o s t of t h e c i t i e s c o m p a r e d 

w i t h t h e n e i g h b o u r i n g a r e a s ( F i g . 2 . 9 ) . P o l l u t i o n s o u r c e s s u c h as 

m u n i c i p a l s e w a g e d i s c h a r g e s and i n d u s t r i a l a c t i v i t i e s a re 

c o n c e n t r a t e d in c i t i e s . I n p u t s f r o m t h e s e s o u r c e s a r e p r o b a b l y 

t h e m a i n c a u s e of t h i s f i n d i n g . 

The h i g h e s t l e v e l s of h y d r o c a r b o n s in s e a w a t e r ( e x c e p t f o r 

s e a p o r t s ) w e r e f o u n d in t h e v i c i n i t y of Z a w i a ( F i g . 2 . 9 ) . It is 

t h o u g h t t h e p r e s e n c e of an o i l r e f i n e r y in t h i s c i t y is r e s p o n s i b l e 

f o r t h i s f i n d i n g . U n e x p e c t e d l y , t h e h i g h e s t l e v e l in s e d i m e n t s 

( e x p e c t f o r s e a p o r t s ) w a s f o u n d in K h o m s ( F i g . 2 . 9 ) . K h o m s is a 

r e l a t i v e l y s m a l l c i ty w i t h a s m a l l e r p o p u l a t i o n a n d f e w e r 

p o l l u t i o n s o u r c e s in c o m p a r i s o n w i t h c i t i e s l i k e T r i p o l i or 
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Z a w i a . T h i s s i t e c o n t a i n e d the h i g h e s t c o n c e n t r a t i o n of 

h y d r o c a r b o n s in the s e d i m e n t s but not in the s e a w a t e r , w h i c h 

may s u g g e s t tha t t h i s is a r e s u l t of a s i ng l e p o l l u t i o n i n c i d e n t 

o c c u r r e d s o m e t i m e b e f o r e s a m p l i n g . 

F r e q u e n t i n p u t f r o m s t a t i o n a r y s o u r c e s such as an oil r e f i n e r y or 

s e w a g e d i s c h a r g e s w o u l d e n s u r e the p r e s e n c e o f h igh l e v e l s of 

h y d r o c a r b o n s in the w a t e r c o l u m n as wel l as in the s e d i m e n t s . 

On the c o n t r a r y , a s ing l e i n c i d e n t w o u l d r e l e a s e h y d r o c a r b o n s in 

the sea w h i c h pa r t of it w i l l , e v e n t u a l l y , d e g r a d e d by v a r i o u s 

p r o c e s s e s or c a r r i e d away the p r e v a i l i n g sea c u r r e n t ( N o j i et al, 

2 0 0 2 ; W i t t , 2 0 0 2 ) . Other p a r t s wi l l d e p o s i t in t h e s e a b e d and 

mix w i t h the s e d i m e n t s , t h e r e b y r e m a i n i n g f o r a l o n g e r t i m e 

( N o j i gr a / , 2 0 0 2 ; S h e l t o n , 1971; Z o b e l l , 1 9 7 2 ) . 

It was n o t e d tha t the l e v e l s of h y d r o c a r b o n s in b o t h s e a w a t e r 

and s e d i m e n t s at Z a w i a (F ig . 2 . 9 ) were the h i g h e s t a m o n g a l l 

s i t e s , e x c e p t f o r s e a p o r t s . The h i g h l e v e l s of h y d r o c a r b o n s in 

the s e a w a t e r and in the s e d i m e n t s of Z a w i a m a y be a t t r i b u t a b l e 

to f r e q u e n t i n p u t s f r o m the oil r e f i n e r y . 
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CHAPTER THREE: OIL POLLUTION 

REDUCING MEASURES: AN EXAMPLE OF 

SOUTHAMPTON WATER AND ITS 

APPLICABILITY TO THE LIBYAN WESTERN 

REGION 



C h a p t e r T h r e e : O i l P o l l u t i o n R e d u c i n g M e a s u r e s : An 

E x a m p l e of S o u t h a m p t o n w a t e r a n d i t s a p p l i c a b i l i t y to t h e 

L i b y a n w e s t e r n R e g i o n 

3 .1 I n t r o d u c t i o n 

S o u t h a m p t o n Wate r has a long a s s o c i a t i o n w i t h the oi l i n d u s t r y 

f r o m the 1920s when a sma l l s ca l e oil r e f i n e r y was c o n s t r u c t e d 

on the e s t u a r y ' s bank ( K n a p , 1978) . Oil r e f i n i n g in S o u t h a m p t o n 

was e x p a n d e d by the c o n s t r u c t i o n of a n e w r e f i n e r y in 1951 and 

the e x p a n s i o n c o n t i n u e d over the yea r s u n t i l t h e l a t e 1970s , 

w h e n the t o t a l r e f i n i n g c a p a c i t y r e a c h e d j u s t u n d e r 20 m i l l i o n 

t o n n e s per yea r , m a k i n g it one of the l a r g e s t r e f i n e r i e s in the 

w o r l d ( L o c k w o o d , 1986) . Oi l r e f i n i n g , a l o n g w i t h o t h e r 

i n d u s t r i e s such as the p o w e r s t a t i o n and the c h e m i c a l i n d u s t r i e s 

on the w e s t e r n shore of the e s t u a r y ( F i g . 3 . 1 ) , a r e c o n s i d e r e d the 

m a i n s o u r c e s of oil p o l l u t i o n in S o u t h a m p t o n W a t e r ( W i l l i a m s , 

1996) . 

A p r o g r a m m e was i n i t i a t e d in the 1970s to r e d u c e the o i l i n p u t 

in the e f f l u e n t w a t e r d i s c h a r g e d in to S o u t h a m p t o n W a t e r ( D i c k s , 

1977 ; D i c k s & Iba l l , 1981 ; D i c k s & H a r t l e y , 1 9 8 2 ) . A 

p r o g r a m m e l ike th i s is ve ry much n e e d e d in L i b y a w h e r e o i l 

p o l l u t i o n , e s p e c i a l l y in the w e s t e r n r e g i o n , is a g r o w i n g and 
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o n g o i n g p r o b l e m , as d i s c u s s e d in the p r e v i o u s c h a p t e r . Oil 

r e f i n e r i e s such as the Z a w i a r e f i n e r y , have s i g n i f i c a n t 

c o n t r i b u t i o n to the oi l p o l l u t i o n p r o b l e m in L i b y a . Oil p o l l u t i o n 

can h a v e s i g n i f i c a n t a d v e r s e e f f e c t s on the e n v i r o n m e n t u n l e s s 

s u i t a b l e m e a s u r e s are t a k e n to r e d u c e the a m o u n t of oil e n t e r i n g 

the e n v i r o n m e n t . The m e a s u r e s t a k e n to r e d u c e oi l p o l l u t i o n in 

S o u t h a m p t o n Wate r can be used as an e x a m p l e tha t may be 

a p p l i e d to the L i b y a n c a s e . 

The p u r p o s e of th i s c h a p t e r is to s tudy i m p r o v e m e n t s in oil 

p o l l u t i o n l e v e l s in S o u t h a m p t o n Wate r by c o m p a r i n g pas t and 

r e c e n t l e v e l s , and to i n v e s t i g a t e m e a s u r e s t a k e n f o r r e d u c i n g oil 

p o l l u t i o n in S o u t h a m p t o n W a t e r and the a p p l i c a b i l i t y of such 

m e a s u r e s to the L i b y a n s i t u a t i o n . 

3 .2 M e a s u r e s t a k e n to r e d u c e oi l p o l l u t i o n i n S o u t h a m p t o n 

w a t e r 

An o n g o i n g p r o g r a m m e was i n i t i a t e d d u r i n g t h e 1970s at t he 

F a w l e y r e f i n e r y to r e d u c e the oi l i npu t in the e f f l u e n t w a t e r 

d i s c h a r g e d in to S o u t h a m p t o n Wate r ( D i c k s , 1 9 7 7 ; D i c k s & I b a l l , 

1981; D i c k s & H a r t l e y , 1982) . The o n g o i n g p r o g r a m m e i n c l u d e d 

the i n c o r p o r a t i o n of s e v e r a l m a n a g e r i a l and t e c h n i c a l 

i m p r o v e m e n t s (F i e ld S t u d i e s C o u n c i l , 1994) . T h e s e m e a s u r e s 

h a v e been p r o v e n to be e f f e c t i v e and have r e d u c e d the o i l 
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c o n t e n t in the r e f i n e r y e f f l u e n t ( E s s e & E x x o n M o b i l , 2 0 0 0 ) . In 

2 0 0 0 , the oi l c o n t e n t in the r e f i n e r y e f f l u e n t h a s been r e d u c e d to 

35% c o m p a r e d wi th 1995 ( E s s o & E x x o n M o b i l , 2 0 0 0 ) . 

The m e a s u r e s t a k e n to r e d u c e oi l p o l l u t i o n f r o m the r e f i n e r y 

( F i e l d S t u d i e s C o u n c i l , 1994) i n c l u d e d : 

# R e d u c t i o n of the f l o w of the e f f l u e n t w a t e r f r o m the r e f i n e r y 

and i m p r o v e m e n t of q u a l i t y . 

# C o m m i s s i o n i n g of an e f f l u e n t wa te r f i l t r a t i o n p l a n t c a p a b l e 

of r e d u c i n g the oil c o n t e n t in the e f f l u e n t by a b o u t 97%. The 

f i l t r a t i o n p l a n t p a s s e s the e f f l u e n t t h r o u g h b e d s of a n t h r a c i t e 

and sand to r e m o v e oi l and s o l i d s p r i o r to t h e d i s c h a r g e . 

# T r e a t i n g all oi l p r o c e s s w a t e r f r o m the r e f i n e r y u n i t s . 

# I m p l e m e n t i n g e f f i c i e n t o p e r a t i n g m e a s u r e s t h a t h a v e 

i m p r o v e d the e f f l u e n t q u a l i t y . Such m e a s u r e s i n c l u d e d 

t r a i n i n g p e r s o n n e l on h o w to avo id l eaks a n d s p i l l s t ha t may 

o c c u r d u r i n g v a r i o u s o p e r a t i o n a c t i v i t i e s , a n d m o d i f i c a t i o n s 

in the p r o d u c t i o n p r o c e s s e s tha t r e d u c e the a m o u n t or t o x i c i t y 

of w a s t e s t ha t are g e n e r a t e d . 
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3 .3 S a m p l i n g P r o c e d u r e 

S u r f a c e s e d i m e n t s w e r e t a k e n by m e a n s of a m e t a l g rab d e p l o y e d 

by a c l e a n r o p e . The g rab was a l l o w e d to f r e e - f a l l to the s eabed 

at s t e r n of the b o a t . The grab t hen was b r o u g h t i n b o a r d each 

t i m e and i t s c o n t e n t s t r a n s f e r r e d to c l e a n a l u m i n i u m t r ays u s i n g 

a m e t a l t r o w e l . The t r ays were w a s h e d by a c e t o n e p r i o r to 

s a m p l i n g to avo id c o n t a m i n a t i o n . The t r ays w e r e s e a l e d w i t h 

a l u m i n i u m l ids and s t o r ed in the f r e e z e r b e l o w -15 C 

i m m e d i a t e l y . The s a m p l i n g p r o c e s s was p e r f o r m e d to f o l l o w 

r e c o g n i s e d s a m p l i n g p r o c e d u r e s (Law a / , 1 988 ) . 

T w e n t y f o u r s a m p l e s were t a k e n f r o m l o c a t i o n s in S o u t h a m p t o n 

Wate r (F ig . 3 .1 ) . R e p l i c a t e s a m p l e s were t a k e n f r o m each s i t e . 

P o s i t i o n s of s a m p l i n g s i t e s were t a k e n by m e a n s of an o n b o a r d 

M a g e l l a n GPS un i t . D e p t h s were m e a s u r e d by m e a n s of an 

o n b o a r d echo s o u n d e r ( T a b l e 3 .1 ) . The s a m p l i n g s i t e s w e r e 

c h o s e n , f o r c o m p a r i s o n p u r p o s e s , to be the s a m e s i t e s u s e d by 

K n a p ( 1 9 7 8 ) . F o u r s a m p l e s were t a k e n f r o m t h e n e a r b y s i t e 

( B e a u l i e u R i v e r ) as a c o n t r o l s i t e (F ig . 3 .1) f o r c o m p a r i s o n 

p u r p o s e s . Th i s s i t e is a s s u m e d to be not very p o l l u t e d as it is 

r e l a t i v e l y fa r f r o m the i n d u s t r i a l and s h i p p i n g s o u r c e s of 

p o l l u t i o n ( K n a p , 1978) The d e p t h at t h i s s i t e w a s m e a s u r e d 

u s i n g the g rab r o p e . S a m p l e s were t a k e n a r o u n d h i g h t i d e . 
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Etchea 
ver 

Test 
River 

Hmmbk 
River 

Fawky 
Refmery Beaulieu 

River 

I = M a r c h w o o d 
2 = D i b ( l c a Bay 
3 = H y ( h e P i e r 
4 = H y t h e 
5 = B i r d P i l e 
6 = L » i n ' : l a k e 
7 = F a w l e y N o r t h 

F a w l e y J e t t y 
9 = F a w l e y S o u t h 
1 0 = 0 i l J e t t y 
11= C a l s h o t 
1 2 = B e a n l : e u R i v e r 

4 km 

F i g u r e 3 .1 L o c a t i o n of t h e s a m p l i n g s i t e s and t h e E s s o o i l 

r e f i n e r y . 
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T a b l e 3 .1 S a m p l i n g r e c o r d f o r g r a b s a m p l e s t a k e n f r o m S o u t h a m p t o n w a t e r . 

Sample No. Replicates Latitude Longitude Depth(m) Site Name 

1 A & B 50°53.48' N 00r23.64 W 2.40 Marchwood 

2 A & B 50°53.12 N 001°24.35 W 3.00 Dibden Bay 

3 A & B 50°52.72 N 001°23.98 W 3.00 Hythe Pier 

4 A & B 50°52.27 N 00r23.47 W 3.50 Hythe 

5 A & B 50°52.02 N 001°23.04 W 3.50 Bird Pile 

6 A & B 50°51.66 N 001°23.44'W 3.00 Lain's lake 

7 A & B 50°51.43 N 001°21.91 i&f 3.50 Fawley North 

8 A & B 50°51.07 N 00l°2L16 V/ 3.00 Fawley Jetty 

9 A & B 50°50.90 N 001°20.69 W 3.00 Fawley South 

.10 A & B 50°50.72 N 00r20.27' W 100 Oil Jetty 

11 A & B 50°50.54 N 001°20.38' W 4.00 Calshot 

12 A,B, C&D - - 3.00 Beaulieu River 
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3.4 A n a l y t i c a l M e t h o d o l o g y 

It is i m p o r t a n t in a s tudy of t h i s n a t u r e to a v o i d c o n t a m i n a t i o n 

at a l l s t a g e s of the a n a l y s i s . T h e r e f o r e all g l a s s w a r e was soaked 

in a d e t e r g e n t s o l u t i o n f o r 12 h o u r s , w a s h e d w i t h hot w a t e r 

s e v e r a l t i m e s , t hen w i t h d i s t i l l e d w a t e r , d r i e d at 50°C , s t o r e d 

u n t i l r e q u i r e d , and r i n s e d wi th p e n t a n e i m m e d i a t e l y p r i o r to use . 

S e d i m e n t s were e x t r a c t e d wet to avo id lo s s of v o l a t i l e 

h y d r o c a r b o n m a t e r i a l d u r i n g oven d ry ing or f r e e z e - d r y i n g . S ince 

the e s t u a r i n e s a m p l e s d i f f e r in t he i r wa te r c o n t e n t ( K n a p , 1978) , 

the e x p r e s s i o n of the r e s u l t s fo r s e d i m e n t s a m p l e s are u s u a l l y 

e x p r e s s e d a g a i n s t dry w e i g h t (Law g/. aZ, 1 9 8 8 ) . 

The dry w e i g h t p e r c e n t a g e was d e t e r m i n e d by u s i n g a 65g of 

s e p a r a t e s u b - s a m p l e s tha t were w e i g h e d , d r i e d at 105°C in an 

o v e n fo r 16 h o u r s , a l l o w e d to coo l , and w e i g h e d a g a i n . A m e a n 

dry w e i g h t p e r c e n t a g e was c a l c u l a t e d f r o m 6 s u b - s a m p l e s ( T a b l e 

3 .2 ) . 

S u b - s a m p l e s of 25g of w e l l - m i x e d s e d i m e n t s w e r e p l a c e d in a 

2 5 0 m l r o u n d - b o t t o m e d f l a s k wi th 3 g of p o t a s s i u m h y d r o x i d e , 

100 ml of m e t h a n o l and f e w a n t i - b u m p i n g g r a n u l e s . T w o s u b -

s a m p l e s were t a k e n f r o m each s e p a r a t e s e d i m e n t s a m p l e . T h e 

s a m p l e s were t hen d i g e s t e d fo r 2 h o u r s u s i n g a h e a t i n g m a n t l e . 
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The d i g e s t s were t h e n f i l t e r e d t h r o u g h W h a t m a n ' s f i l t e r p a p e r s 

t ha t w e r e c l e a n e d w i t h p e n t a n e p r i o r to f i l t r a t i o n . The f i l t r a t e s 

w e r e p a s s e d t h r o u g h a s e p a r a t i o n f u n n e l and e x t r a c t e d wi th 50 

ml of p e n t a n e t w i c e . A f t e r s h a k i n g the f i r s t 50 ml p e n t a n e 

e x t r a c t and a l l o w i n g it to s e p a r a t e , the b o t t o m layer f r o m the 

f i r s t e x t r a c t i o n was c o l l e c t e d in a c l e a n f l a s k . The s econd 

a l i q u o t of the p e n t a n e e x t r a c t was t r e a t e d the s ame way and the 

two e x t r a c t s were c o m b i n e d in a c l ean c o n i c a l f l a s k . The 

c o m b i n e d e x t r a c t was then t r a n s f e r r e d to a 100ml v o l u m e t r i c 

f l a s k and m a d e up to 100 ml wi th p e n t a n e p r i o r to U l t r a V i o l e t 

F l u o r e s c e n c e ( U V F ) a n a l y s i s . 

S t a n d a r d c o n c e n t r a t i o n s o l u t i o n s were p r e p a r e d u s i n g A r a b i a n 

l i gh t c r u d e oil in p e n t a n e wi th one b l a n k s o l u t i o n . The s t a n d a r d 

s o l u t i o n s were s c a n n e d u s i n g a P e r k i n - E l m e r L S - 5 l u m i n e s c e n c e 

s p e c t r o f l u o r i m e t e r . Al l m e a s u r e m e n t s were m a d e w i t h i n the 

l i n e a r r a n g e of the s p e c t r o f l u o r i m e t e r and a l i n e a r c a l i b r a t i o n 

p l o t was o b t a i n e d (F ig 3 .3 ) . F l u o r e s c e n c e i n t e n s i t y is d i r e c t l y 

p r o p o r t i o n a l ( l i n e a r ) to c o n c e n t r a t i o n ( G u i l b a u l t , 1990 ) . T h e r e 

a re , h o w e v e r , f a c t o r s t ha t may a f f e c t t h i s l i n e a r r e l a t i o n s h i p 

such as the c h e m i c a l c o m p o s i t i o n of the s a m p l e and t he 

a d j u s t m e n t s of the i n s t r u m e n t ( G u i l b a u l t , 1 9 9 0 ) . The i n s t r u m e n t 

was set on the f o l l o w i n g p a r a m e t e r s : e x c i t a t i o n = 280 n m , 

e m i s s i o n - 374 nm, d e l t a w a v e l e n g t h = 25, l o w scan l i m i t = 2 3 0 , 

h i g h scan l im i t = 650 , and a scan speed = 240 n m / m i n . 
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The s a m p l e e x t r a c t s w e r e s c a n n e d u s i n g the s p e c t r o f l u o r i m e t e r 

and the o b t a i n e d m e a s u r e m e n t s were c o m p a r e d wi th tha t of the 

s t a n d a r d s o l u t i o n s . S a m p l e s tha t e x h i b i t g r e a t e r f l u o r e s c e n c e 

t h a n the s t a n d a r d s were d i l u t e d to b r i ng t hem w i t h i n the l i n e a r 

r a n g e of the c a l i b r a t i o n p lo t and the r e s u l t s w e r e c a l c u l a t e d 

t a k i n g in to a c c o u n t the d i l u t i o n f a c t o r s and t h e dry w e i g h t 

p e r c e n t a g e . 

determination^ 
of Dry Weight 
Percentage 

Weighing^ 

Drying 

Re-Weigli ing 

Sample 
Collection 

- M Analysis 

Alkal ine 
Digestion ) 

^ Extraction j 
\ w i t h P e n t a n ^ 

UVF Analysis 

C a l c u l a t i o n of 
V Results 

F i g u r e 3 .2 A n a l y t i c a l p r o c e d u r e f l o w c h a r t . 
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5 300 

1 0 0 -

20 40 60 80 

Standard concentration (ppm) 

F i g u r e 3 .3 S p e c t r o f l u o r i m e t e r c a I i b r a t i o ii p l o t ( l i n e a r 

r e g r e s s i o n l i n e , r ^ = 0 . 9 6 5 ) u s i n g A r a b i a n l i g h t c r u d e o i l . 
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3 .5 R e s u l t s 

Dry w e i g h t s of s u b - s a m p l e s were f i r s t d e t e r m i n e d as d e s c r i b e d 

in the a n a l y t i c a l m e t h o d o l o g y . The a v e r a g e d r y w e i g h t 

p e r c e n t a g e ( T a b l e 3 .2 ) was c a l c u l a t e d as f o l l o w s : 

D = 100 - [(A - B) 1 0 0 / A ] 

W h e r e : 

A= W e i g h t of wet s u b - s a m p l e (g) . 

B= W e i g h t of dry s u b - s a m p l e (g) . 

D= Dry w e i g h t p e r c e n t a g e . 

T a b l e 3 .2 D r y w e i g h t p e r c e n t a g e of s e d i m e n t s a m p l e s f r o m 

S o u t h a m p t o n W a t e r 

Sub-sample 
No, 

Weight of wet sub-
sample (g) 

Weight of dry 
sub-sample (g) 

% Dry weight 

1 65 36 .9 56 .7 

2 65 40 .1 6 1 . 6 

3 65 38 .5 59 .2 

4 65 38 .6 59 .3 

5 65 38 .1 58 .6 

6 65 39.5 60 .7 

A v e r a g e d r y w e i g h t p e r c e n t a g e 5 9 . 3 5 ± 0 . 6 9 5 
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The c o n c e n t r a t i o n of t o t a l h y d r o c a r b o n s was c a l c u l a t e d for each 

s a m p l e r e p l i c a t e as A r a b i a n l i gh t c r u d e oil e q u i v a l e n t u s i n g the 

l i n e a r r e l a t i o n b e t w e e n the i n s t r u m e n t r e a d i n g and the s t a n d a r d 

c o n c e n t r a t i o n (F ig . 3 .3) w i th a r e g r e s s i o n c o e f f i c i e n t r ^ = 0 . 9 6 5 

a c c o r d i n g to the f o l l o w i n g f o r m u l a : 

H C = [ ( a X R ) - P ] D X F 

W h e r e : 

HC = H y d r o c a r b o n C o n c e n t r a t i o n ( | ig g ' ) dry w e i g h t as c r u d e 

oil e q u i v a l e n t . 

R= I n s t r u m e n t R e a d i n g 

a = C o n s t a n t c o e f f i c i e n t = 0 .180 

P = C o n s t a n t c o e f f i c i e n t = 9 . 3 5 3 

D= C o n s t a n t c o e f f i c i e n t of w e i g h t , dry w e i g h t p e r c e n t a g e , and 

v o l u m e c o n v e r s i o n s = 6 . 7 3 9 

F= D i l u t i o n f a c t o r ( v a r i e s fo r each s a m p l e a c c o r d i n g to the 

c o n c e n t r a t i o n of h y d r o c a r b o n s and the need f o r d i l u t i o n to k e e p 

the l i n e a r i t y of the c a l i b r a t i o n p l o t ) . 

R e s u l t s s h o w a d i s t i n c t h i g h c o n c e n t r a t i o n of h y d r o c a r b o n s 

a s s o c i a t e d w i t h the r e f i n e r y a r ea ( 7 2 0 - 1 4 9 0 n g g ' ' d ry w e i g h t ) 

and m u c h l o w e r c o n c e n t r a t i o n s in o the r pa r t s o f the e s t u a r y 

( T a b l e 3 . 4 ) . S a m p l e s f r o m the B e a u l i e u R i v e r , a r e l a t i v e l y 

u n p o l l u t e d s i t e , s h o w e d the l o w e s t v a l u e s a m o n g the r e s u l t s w i t h 

a m e a n v a l u e of 145 ng g ' ' dry w e i g h t . 
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R e s u l t s w e r e t e s t e d s t a t i s t i c a l l y u s i n g one w a y a n a l y s i s of 

v a r i a n c e ( A N O V A - T u k e y T e s t ) . It was f o u n d tha t t h e r e is 

s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e v a l u e s of 

h y d r o c a r b o n c o n c e n t r a t i o n in the s i t e s tha t a r e c lo se to the 

r e f i n e r y a r ea c o m p a r e d wi th the s i t e s tha t are f a r f r o m the 

r e f i n e r y a r ea ( T a b l e 3 .3 ) . It a l so , was f o u n d t h a t t h e r e is 

s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e v a l u e s of 

h y d r o c a r b o n c o n c e n t r a t i o n in al l of the s a m p l i n g s i t e s c o m p a r e d 

wi th the c o n t r o l s i te ( T a b l e 3 .3 ) . 

The r e s u l t s h a v e been c o m p a r e d s t a t i s t i c a l l y w i t h r e s u l t s of a 

s i m i l a r s t u d y in 1978 ( K n a p , 1978) u s i n g the " p a i r e d t - t e s t " . It 

was f o u n d tha t t h e r e is a s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e 

b e t w e e n the r e s u l t s of K n a p ( 1 9 7 8 ) and the r e s u l t s of t h i s s t u d y . 

It was f o u n d tha t the l e v e l s of h y d r o c a r b o n in t h e e s t u a r y 

s e d i m e n t s h a v e d e c r e a s e d s i g n i f i c a n t l y in all o f t he s tudy s i t e s 

s ince 1978 ( T a b l e 3 .4 ) . Only s a m p l e s f r o m B e a u l i e u R i v e r ( the 

c o n t r o l s i t e ) have s h o w n a s l i g h t i n c r e a s e in t h e l e v e l s of 

h y d r o c a r b o n s . 
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T a b l e 3 .3 A c o m p a r i s o n b e t w e e n t h e v a l u e s of h y d r o c a r b o n c o n c e n t r a t i o n a t t h e s a m p l i n g s i t e s (Based on 
A N O V A - T u k e y T e s t ) . 

( V ) = S t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e . 

( x ) — No s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e . 

M a r c h w o o d D i b d e n 

B a y 

H y t h e 

P i e r 

H y t h c B i r d 

P i l e 

L a i n ' s 

l a k e 

F a w 1 e y 

N o r t h 

F a w l e y 

J e t t y 

F a w l e y 

S o u t h 

O i l 

Jetty 

C a l s h o t Be a u 1 i e u 

R i v e r 
M a r c h w o o d 

X X X X V V/ v" «/ y/ X y/ 
D i b d e n B a y 

X X X X v" y/ y/ X y/ 

H y t h e P i e r 
X X X v* V V y v" y/ y/ X y/ 

Hy t h e 
X X X «/ v/ y/ y/ y/ y/ 

B i r d P i l e 

v/ y/ »/ X X y/ X y/ y/ 

L a i n ' s l a k e 
< • V X X y/ w' y/ y/ 

F a w l e y N o r t h 

</ >/ <•/ X X y/ y/ y/ y/ y/ 
F aw l ey J e t t y 

<•/ v V X y/ X y/ X y/ y/ 

F a w l e y S o u t h 

V -/ <•/ X V y/ y/ 

O i l J e t t y 

y/ «• v" X </ X y/ X y/ y/ 

C a l s h o t 
X X X >/ . s/ >/ y/ y/ X y/ 

B e a u l i c u R i v e r 

1 V 1 ^ -/ s/ >/ y/ 1 ^ y/ X 
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A c c o r d i n g to K n a p ( 1 9 7 8 ) h igh c o n c e n t r a t i o n of h y d r o c a r b o n s 

w e r e f o u n d in s i t e s c l o se to the r e f i n e r y a rea such as F a w l e y and 

L a i n ' s l ake . It was f o u n d tha t the spa t i a l d i s t r i b u t i o n p a t t e r n s of 

h y d r o c a r b o n s in the e s t u a r y are s i m i l a r to t h o s e tha t d e s c r i b e d 

by K n a p ( 1 9 7 8 ) ( T a b l e 3 .4 ) . The d e c r e a s e of h y d r o c a r b o n l e v e l s 

in the s e d i m e n t r a n g e s f r o m 3 1 . 6 % in F a w l e y N o r t h to 6 8 . 1 % in 

H y t h e P i e r . On the o t h e r h a n d , the i n c r e a s e in B e a u l i e u R i v e r 

r e a c h e d 9% ( T a b l e 3 .4 ) . 

T a b l e 3 .4 P e r c e n t a g e of c h a n g e in t h e l e v e l s of h y d r o c a r b o n s 
in s e d i m e n t s a m p l e s f r o m S o u t h a m p t o n W a t e r s i n c e 1 9 7 8 . 
( P o s i t i v e c h a n g e i n d i c a t e s i n c r e a s e f r o m 1978 to 2 0 0 1 . No 1978 
d a t a f o r C a l s h o t s i t e . ) 

S i t e N a m e HC in 1978 
as jig g ' d r y 

w e i g h t 
( K n a p , 1978) 

H C in 2 0 0 1 as p g 
g"' d r y w e i g h t 

% 
c h a n g e 

M a r c h w o o d 5 0 6 . 0 0 2 8 5 . 0 0 ± 8 . 4 9 - 4 3 . 7 

D i b d e n B a y 5 4 0 . 0 0 2 7 3 . 0 0 ± 4 . 2 4 - 4 9 . 5 

H y t h e P ier 7 6 0 . 0 0 2 4 3 . 0 0 ± 2 8 . 2 8 - 6 8 . 1 

H y t h e 7 5 0 . 0 0 3 5 0 . 0 0 ± 1 2 . 7 3 - 5 3 . 4 

Bird Pi le 1 3 7 7 . 0 0 6 7 3 . 0 0 ± 7 . 0 7 - 5 1 . 2 

L a i n ' s l a k e 2 4 1 6 . 0 0 1490 .00 ± 1 2 . 7 3 - 3 8 . 4 

F a w l e y N o r t h 2 0 6 3 . 0 0 . 1412 .00 ± 2 4 . 0 4 - 3 1 . 6 

F a w l e y J e t t y 1506 .00 7 2 0 . 0 0 ± 2 . 8 3 - 5 2 . 2 

F a w l e y S o u t h 2 6 7 1 . 0 0 1 2 2 0 . 0 0 ± 3 6 . 7 7 - 5 4 . 4 

Oi l J e t t y 1 2 8 7 . 0 0 6 4 0 . 0 0 ± 4 1 . 0 1 - 5 0 . 3 

B e a u l i e u R i v e r 132 .00 145 .00 ± 4 . 2 4 + 9 
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3.6 D i s c u s s i o n 

C o n c e n t r a t i o n s of h y d r o c a r b o n in the s e d i m e n t s were much 

h i g h e r in s i t e s n e a r e r to the r e f i n e r y and the c o n c e n t r a t i o n s 

b e c o m e l o w e r g r a d u a l l y away f r o m th i s s o u r c e of p o l l u t i o n . 

T h e r e are d i s t i n c t h igh l e v e l s of oi l p o l l u t i o n a s s o c i a t e d wi th 

the r e f i n e r y a rea ( T a b l e 3 .3 ; 3 .4 ) , w h i c h i n d i c a t e s the i m p a c t of 

the p o l l u t e d e f f l u e n t f r o m the r e f i n e r y tha t h a v e been d i s c u s s e d 

by s e v e r a l s t u d i e s ( e .g . S a v a r ^ 1988; ICnap, 1 9 8 8 ; D i c k s & I b a l L 

1981) . 

Al l s i t e s have s h o w n a m a r k e d d e c r e a s e in oi l p o l l u t i o n l e v e l s 

s i nce 1978. The l o w e s t p e r c e n t a g e of d e c r e a s e s i n c e 1978 ( T a b l e 

3 .4 ) was in F a w l e y w h e r e the r e f i n e r y e f f l u e n t , p r e s u m a b l y , 

w o u l d h a v e the h i g h e s t i m p a c t as it is the n e a r e s t s i t e to t he 

r e f i n e r y o u t f a l l s . The p e r c e n t a g e d e c r e a s e w a s h i g h e r in s i t e s 

t h a t a re f a r f r o m the r e f i n e r y a rea . Th i s p r o b a b l y s u g g e s t s t h a t 

the r e f i n e r y e f f l u e n t s t i l l h ave an i m p a c t on t h e a rea c l o s e to the 

r e f i n e r y but to a l e s s e r d e g r e e c o m p a r e d to 1 9 7 8 . 

The i n c r e a s e in the B e a u l i e u R i v e r is low but m a y i n d i c a t e t h e 

p o s s i b i l i t y of f u r t h e r i n c r e a s e s in the f u t u r e . A l t h o u g h t he 

B e a u l i e u R i v e r is a r e l a t i v e l y u n p o l l u t e d s i t e b e c a u s e it is 

r e l a t i v e l y f a r f r o m l a r g e s o u r c e s of oil p o l l u t i o n such t he 

r e f i n e r y , it may s t i l l r e c e i v e sma l l i n p u t s of h y d r o c a r b o n s f r o m 

o t h e r s o u r c e s such as the e x t e n s i v e use of b o a t s in the r i v e r . 
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The s t r o n g a f f i n i t y of h y d r o c a r b o n s f o r s e d i m e n t s and o the r 

p a r t i c u l a t e m a t t e r m a k e s them a c c u m u l a t e to m u c h h i g h e r 

c o n c e n t r a t i o n s on the s e d i m e n t s than in o v e r l y i n g w a t e r s 

( l&ennish, 1998) . Soime s t u d i e s s u g g e s t t ha t t h e a n a l y s i s of 

h y d r o c a r b o n s in the s e d i m e n t s can se rve as an i n d e x of 

h y d r o c a r b o n inpu t r a t e s to the m a r i n e e n v i r o n m e n t s ( G u z z e l l a 

&De P a o l i s , 1994) . 

The c o n c e n t r a t i o n of h y d r o c a r b o n s p r e s e n t in t h e s e d i m e n t s 

s h o u l d g ive an idea of the i m p a c t of the r e f i n e r y on 

S o u t h a m p t o n e s t u a r y as a w h o l e ( K n a p , 1978) . T h u s , the l a rge 

d e c r e a s e in h y d r o c a r b o n l e v e l s in the s e d i m e n t s s i nce 1978 

s h o u l d r e f l e c t d i r e c t l y the e f f e c t i v e n e s s of the m e a s u r e s t a k e n to 

r e d u c e oi l p o l l u t i o n in the e s t u a r y . The ra t e of c h a n g e c a n n o t , 

h o w e v e r , be i n f e r r e d w i t h o u t a m o r e f i n e l y r e s o l v e d s e r i e s of 

m e a s u r e m e n t s ove r an e x t e n d e d p e r i o d . 

B a s e d on the case of S o u t h a m p t o n W a t e r , r e s u l t s of any c h a n g e s 

in Z a w a i r e f i n e r y to r e d u c e the i n p u t s of oi l i n t o the sea may 

t a k e s e v e r a l y e a r s b e f o r e any i m p r o v e m e n t s c a n be n o t i c e d . 

By c o m p a r i n g the r e f i n e r y in F a w l e y and the r e f i n e r y of Z a w i a 

( T a b l e 3 .5 ) it is t h o u g h t tha t the m e a s u r e s t a k e n to r e d u c e o i l 

p o l l u t i o n in the e s t u a r y of S o u t h a m p t o n can be u s e d in L i b y a to 

r e d u c e the h y d r o c a r b o n inpu t f r o m the Z a w i a r e f i n e r y . F a c t o r s 
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such as the g e o g r a p h i c a l l o c a t i o n and the r e f i n e r y c a p a c i t y of 

Z a w i a c o u l d m a k e the m e a s u r e s even more e f f e c t i v e if a p p l i e d in 

L i b y a . U n l i k e the r e f i n e r y in F a w l e y , Z a w i a r e f i n e r y is l o c a t e d 

on an o p e n sea w h e r e i ts e f f l u e n t is d i s c h a r g e d . The i m p a c t of 

o i l p o l l u t i o n and the s e d i m e n t a t i o n p r o c e s s in the open sea is 

m u c h less t h a n in c l o s e d or s e m i - c l o s e d s y s t e m s l ike 

S o u t h a m p t o n W a t e r ( S h a r m a gf a / , 2 0 0 2 ; S h e l t o n , 1971; Z o b e l l , 

1972) . 

A f i l t r a t i o n p l a n t such as the one used in F a w l e y r e f i n e r y w h i c h 

can r e d u c e the oi l c o n t e n t in the e f f l u e n t to 9 7 % ( F i e l d S t u d i e s 

C o u n c i l , 1994) , can r e d u c e i n p u t s of oi l in to t h e sea if a p p l i e d 

to the r e f i n e r y of Z a w i a . T h u s , the t e c h n i c a l a n d o p e r a t i o n a l 

i m p r o v e m e n t s m a d e in F a w l e y r e f i n e r y to r e d u c e oil p o l l u t i o n in 

S o u t h a m p t o n W a t e r can be e f f e c t i v e if a p p l i e d to Z a w i a r e f i n e r y 

and p r o b a b l y w o u l d r e d u c e the c h r o n i c i n p u t s o f oi l f r o m the 

r e f i n e r y . 
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T a b l e 3 . 5 c o m p a r i n g t h e Z a w i a r e f i n e r y a n d E s s o F a w l e y 

r e f i n e r y , (bpd = b a r r e l pe r day) . 

R e f i n e r y Z a w i a E s s o - F a w l e y 

L o c a t i o n Open sea 
(The M e d i t e r r a n e a n ) 

E s t u a r y 
( S o u t h a m p t o n 

V/ater ) 

R e f i n i n g C a p a c i t y 120 bpd 317 bpd 

S e a w a t e r u se C o o l i n g s y s t e m C o o l i n g s y s t e m 

Q u a n t i t y of s e a w a t e r 
u s e d f o r c o o l i n g 

9 0 , 0 0 0 t o n n e / d a y 2 5 0 , 0 0 0 t o n n e / d a y 

H i g h e s t H y d r o c a r b o n 
C 0 n c e n t r a t i 0 n in sea 

s e d i m e n t s w i t h i n 3 k m 
r a d i u s 

1499 ppm 695 ppm 

F i l t r a t i o n p l a n t N o n e F i l t r a t i o n of 

e f f l u e n t w a t e r 

t h r o u g h b e d s of 

a n t h r a c i t e and 

s a n d . 
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CHAPTER FOUR: DEPOSITION OF TAR ON 

THE LIBYAN COAST 



C h a p t e r F o u r : D e p o s i t i o n of t a r on t h e L i b y a n C o a s t 

4 .1 I n t r o d u c t i o n 

Tar d e p o s i t i o n on the b e a c h e s is l i ke ly to h a v e c o n s i d e r a b l e 

e f f e c t s on many c o a s t a l c o m m u n i t i e s . T h e r e i s e v i d e n c e t h a t the 

d e p o s i t i o n of oi l on c o a s t a l a r ea s a f f e c t s t u r t l e eggs as we l l as 

o t h e r s p e c i e s ( B i s h o p ef gZ., 1998) . M o l l u s c c o m m u n i t i e s , f o r 

e x a m p l e , can be d i r e c t l y a f f e c t e d by d e p o s i t i o n of tar 

( N a g e l k e r k e n & D e b r o t , 1995) . The L i b y a n c o a s t is p r o b a b l y the 

mos t a f f e c t e d by the d e p o s i t i o n of tar in the e n t i r e 

M e d i t e r r a n e a n . It is e s t i m a t e d tha t the L i b y a n c o a s t l i n e r e c e i v e s 

a b o u t 2 , 0 0 0 t ons of ta r eve ry year ( E l - G h i r a n i , 1981) , w h i c h 

c o u l d c a u s e s i g n i f i c a n t d a m a g e to the c o m m u n i t i e s and s p e c i e s 

on i ts s andy b e a c h e s and rocky s h o r e s . 

The L i b y a n b e a c h e s are the mos t i m p o r t a n t n e s t i n g p l a c e s f o r 

e n d a n g e r e d s p e c i e s of m a r i n e t u r t l e s in the M e d i t e r r a n e a n 

( P a t e l , 1995) w h i c h i n c l u d e the l o g g e r h e a d t u r t l e {Caretta 

caretta), the g r een t u r t l e {Chelonia mydas), a n d the l e a t h e r b a c k 

t u r t l e {Dermochelys coriacea) ( L a u r e n t et al., 1998 ) . The 

L i b y a n coas t i n c l u d e s the s econd l a r g e s t M e d i t e r r a n e a n sea g r a s s 

m e a d o w s , w h i c h p r o v i d e i m p o r t a n t n e s t i n g a n d f e e d i n g a r e a s f o r 

m a r i n e t u r t l e s and o t h e r M e d i t e r r a n e a n s p e c i e s ( P a t e l , 1 9 9 5 ) . 
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The i m p o r t a n c e of s t u d y i n g the d i s t r i b u t i o n o f tar on the L ibyan 

c o a s t a r i s e s f r o m t h r e e m a i n r e a s o n s . F i r s t l y , b e a c h e s are an 

i m p o r t a n t and c o m m o n h a b i t a t a long the L i b y a n coas t (E l -

G h i r a n i , 1981) on w h i c h p o l l u t i o n cou ld h a v e a g rea t i m p a c t . 

S e c o n d l y , the p a t t e r n of ta r d i s t r i b u t i o n can b e a good i n d i c a t o r 

of the e x t e n t of e x p o s u r e of the coas t to oi l p o l l u t i o n (El -

G h i r a n i , 1981) . T h i r d l y , the s tudy can p r o v i d e i n f o r m a t i o n on 

the e x t e n t of e n v i r o n m e n t a l i m p a c t . 

The p u r p o s e of t h i s c h a p t e r is to e s t i m a t e the e x i s t i n g l e v e l s of 

ta r d e p o s i t i o n on the sandy b e a c h e s and the r o c k y s h o r e s , to 

s t u d y t h e i r g e o g r a p h i c a l and s p a t i a l d i s t r i b u t i o n p a t t e r n s , and to 

m e a s u r e the i n c r e m e n t of tar on the sandy b e a c h e s ove r t i m e . 

4.2 M e t h o d o l o g y 

The w e s t e r n coas t of L i b y a is a c o m b i n a t i o n o f rock and sand 

p l a t e a u x ( D N V , 2 0 0 1 ; L a u r e n t ef a / . , 1998) . In o r d e r to a s s e s s 

t he i m p a c t of oi l p o l l u t i o n on th i s pa r t of the L i b y a n c o a s t , it is 

i m p o r t a n t to s tudy the d e p o s i t i o n of tar on the s a n d y b e a c h e s as 

we l l as on the r o c k y s h o r e . 

T h e s e c o a s t a l h a b i t a t s have d i f f e r e n t p h y s i c a l a n d b i o l o g i c a l 

c h a r a c t e r i s t i c s and t h e r e f o r e vary in t h e i r v u l n e r a b i l i t y to o i l 

p o l l u t i o n (Hayes a / . , 1992; O w e n s and R o b i l l i a r d , 1981 ) . 
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T h e r e f o r e d i f f e r e n t t e c h n i q u e s were used fo r t h e e s t i m a t i o n of 

tar d e p o s i t i o n on sandy b e a c h e s and on r o c k y s h o r e s . 

4 . 2 . 1 S a n d y B e a c h e s 

The m e t h o d used by E l - G h i r a n i ( 1 9 8 1 ) , w h i c h is the only 

p u b l i s h e d work abou t the d i s t r i b u t i o n of tar on the L ibyan c o a s t , 

was used as a g u i d a n c e in o rde r to o b t a i n c o m p a r a b l e r e s u l t s , 

but w i t h s o m e a d a p t a t i o n s . The m e t h o d used in t h i s s tudy is a 

c o m b i n a t i o n of the t e c h n i q u e s used by E l - G h i r a n i ( 1 9 8 1 ) and 

tha t d e s c r i b e d by D e m e t r o p o u l o s ( 1 9 8 6 ) . 

In o r d e r to s tudy the p a t t e r n of d i s t r i b u t i o n a n d to o b t a i n 

c o m p a r a b l e r e s u l t s , s t udy s i t e s w e r e s e l e c t e d a c c o r d i n g to 

d e f i n e d c r i t e r i a . To a v o i d a r t i f i c i a l change of t h e d i s t r i b u t i o n of 

t a r b a l l s , b e a c h e s w e r e s e l e c t e d w h e r e l i t t l e or no p u b l i c a c t i v i t y 

o c c u r s . It was d e c i d e d to s t udy b e a c h e s w i t h a w i d t h as c l o s e as 

p o s s i b l e to 25m p e r p e n d i c u l a r to the w a t e r e d g e . It was o b s e r v e d 

d u r i n g t he f i e l d w o r k tha t t h i s d i s t a n c e is the u p p e r - m o s t p o i n t 

t h a t w a v e s cou ld r e a c h on the b e a c h e s of the s t u d y a r e a . In 

b e a c h e s w h e r e t h e r e are many i r r e g u l a r c o n f i g u r a t i o n s , it was 

d e c i d e d to c o l l e c t s a m p l e s w h e r e t h e r e was the s m a l l e s t p o s s i b l e 

c h a n g e in the s t r u c t u r e of the b e a c h such as in t h e m i d d l e of a 

bay or away f r o m any p r o t e c t i n g r o c k s . 
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Four s t r a i g h t l i n e s or t r a n s e c t s , 25m each , w e r e m a r k e d 

p e r p e n d i c u l a r to the w a t e r ' s edge in each s a m p l i n g s i te 

( D e m e t r o p o u l o s , 1986) . L ines were f i v e m e t r e s apa r t . Tar b a l l s 

were p i c k e d up and w e i g h e d fo r eve ry squa re m e t r e a l o n g each 

l ine u s i n g a Im^ w o o d e n q u a d r a t . The q u a d r a t was r o l l e d over 

the m a r k e d l ine to the top of the b e a c h m a k i n g s q u a r e n u m b e r 

one as the c l o s e s t to the wa te r edge and the f o l l o w i n g ones 

b e i n g n u m b e r e d c o n s e c u t i v e l y . 

In each s q u a r e m e t r e , al l ta r b a l l s were p i c k e d up by hand and 

w e i g h e d u s i n g an e l e c t r o n i c b a l a n c e . Tar b a l l s w e r e c o l l e c t e d at 

the s u r f a c e of the sand and to a d e p t h of 5cm. N o a t t e m p t was 

m a d e to c o l l e c t ta r b a l l s b u r i e d d e e p e r than 5 c m . 

Tar b a l l s w e r e w e i g h e d i n d i v i d u a l l y and the a v e r a g e w e i g h t of 

tar b a l l s was c a l c u l a t e d fo r each s a m p l i n g s i t e . The d i a m e t e r of 

each tar ba l l was m e a s u r e d u s i n g an o r d i n a r y v e r n i e r c a l i b a r and 

the a v e r a g e s ize of ta r ba l l s was c a l c u l a t e d f o r e a c h s a m p l i n g 

s i t e . 

Accumulation of tar: Al l tar b a l l s were r e m o v e d f r o m the 

s a m p l i n g s i t e s d u r i n g the s u r v e y , and the i n c r e m e n t of t a r 

d e p o s i t i o n was m e a s u r e d in e x a c t l y the same l o c a t i o n s a f t e r one-

m o n t h u s i n g the same t e c h n i q u e . S a m p l i n g a r e a s w e r e t he s a m e 
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as u s e d to s t udy h y d r o c a r b o n c o n c e n t r a t i o n in s e a w a t e r and 

s e d i m e n t (F ig . 2 .3 ) . 

4 . 2 . 2 R o c k y s h o r e s 

D e s p i t e an e x t e n s i v e s e a r c h in the r e l e v a n t l i t e r a t u r e , no 

s t a n d a r d t e c h n i q u e on the e s t i m a t i o n of tar d e p o s i t i o n on r o c k y 

s h o r e s was f o u n d . T h e r e f o r e a t e c h n i q u e was d e v e l o p e d to 

e s t i m a t e the p e r c e n t a g e cove r of ta r d e p o s i t e d on the L i b y a n 

r o c k y s h o r e s . H o w e v e r , N a g e l k e r k e n & D e b r o t ( 1 9 9 5 ) d e s c r i b e d 

a s i m i l a r t e c h n i q u e f o r the e s t i m a t i o n of tar c o v e r on r u b b l e 

s h o r e s . 

A w o o d e n q u a d r a t (1 m^) was used to e s t i m a t e t h e p e r c e n t a g e 

c o v e r of d e p o s i t e d t a r . The q u a d r a t was d i v i d e d in to 100 s m a l l 

s q u a r e s by p l a s t i c s t r i n g s m a k i n g each s q u a r e 10 cm^. The 

d i v i s i o n of the q u a d r a t to sma l l s q u a r e s g ives m o r e a c c u r a c y 

w h e n e s t i m a t i n g the p e r c e n t a g e of tar c o v e r i n g t he rocky s h o r e s . 

E a c h s m a l l s q u a r e r e p r e s e n t s 1 % of the q u a d r a t a r e a . T h u s , the 

q u a d r a t w o u l d g ive a d i r ec t and more a c c u r a t e e s t i m a t e of the 

p e r c e n t a g e c o v e r of t a r . 

F o u r t r a n s e c t s were s e l e c t e d r a n d o m l y in each s a m p l i n g s i t e . In 

e a c h t r a n s e c t a p e r p e n d i c u l a r l ine f r o m the w a t e r ' s edge w a s 

m a r k e d on the b e d r o c k p l a t f o r m . Each s a m p l i n g t r a n s e c t was 4m 

l o n g . T h i s is the a v e r a g e l e n g t h of b e d r o c k p l a t f o r m in t he s t u d y 
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a rea . The q u a d r a t was r o l l e d over a long the m a r k e d l ine and the 

p e r c e n t a g e of ta r c o v e r i n g the rocks was e s t i m a t e d fo r each 

s q u a r e m e t r e . 

As the p u r p o s e of t h i s s t udy was to look at t h e s p a t i a l 

d i s t r i b u t i o n and to e s t i m a t e tar cove r on the r o c k y sho re , t h i s 

t e c h n i q u e was f o u n d more a p p r o p r i a t e f o r t h i s k ind of s u r v e y . 

U n l i k e the r a n d o m q u a d r a t - t h r o w i n g t e c h n i q u e tha t is u sed in 

e c o l o g i c a l s u r v e y s , the p r a c t i c e used in t h i s s u r v e y w o u l d g ive 

i n f o r m a t i o n on the s p a t i a l d i s t r i b u t i o n of tar f r o m the w a t e r ' s 

edge to the end of the b e d r o c k p l a t f o r m . The s a m p l i n g a r e a s 

w e r e the same as t h o s e used to s tudy the h y d r o c a r b o n 

c o n c e n t r a t i o n in s e a w a t e r and s e d i m e n t s (F ig . 2 . 3 ) . 

4 .3 R e s u l t s 

Sandy beaches: Tar a b u n d a n c e on sand b e a c h e s was h i g h e r in 

the v i c i n i t y of Z a w i a , M i s u r a t a and T r i p o l i . T r i p o l i had t he 

h i g h e s t ta r a b u n d a n c e a m o n g all s i t e s . Tar a b u n d a n c e r a n g e d 

f r o m an a v e r a g e of 2 .23 gm'^ in T a j o r a to 2 4 . 4 5 gm'^ in T r i p o l i . 

A l t h o u g h the a b u n d a n c e of tar was h i g h e r in s o m e s i t e s and 

r e l a t i v e l y l ow in o t h e r s , no c lea r p a t t e r n of g e o g r a p h i c a l 

d i s t r i b u t i o n of tar b a l l s was a p p a r e n t ( F i g . 4 . 1 A ) . 

The s p a t i a l d i s t r i b u t i o n of tar b a l l s on sand b e a c h e s v a r i e d at 

e ach s i t e . Tar b a l l s were not f o u n d at the i m m e d i a t e p r o x i m i t y 
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of the w a t e r l i ne . The d i s t r i b u t i o n of tar b a l l s r a n g e d f r o m I m to 

16m f r o m the w a t e r ' s edge . T r i p o l i had the h i g h e s t d i s t r i b u t i o n 

r a n g e , 3 m to 16 m. The n e a r e s t ta r b a l l s to the wa te r were 

f o u n d in Z a w i a at one m e t r e f r o m the w a t e r ' s edge ( F i g . 4 . I B ) . 

The a v e r a g e w e i g h t and s ize of tar b a l l s d i f f e r e d f r o m s i te to 

a n o t h e r and w e r e t h o u g h t to have a d i r ec t e f f e c t on the s p a t i a l 

d i s t r i b u t i o n of tar b a l l s . T h e r e f o r e the a v e r a g e w e i g h t and 

d i a m e t e r of t a r b a l l s was c o m p a r e d a g a i n s t t h e d i s t r i b u t i o n 

r a n g e in each s i te ( F i g . 4 . 1 C ,D) . 
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F i g u r e 4 .1 Tar a b u n d a n c e and d i s t r i b u t i o n p a t t e r n s on s a n d y b e a c h e s . 
a b u n d a n c e at the s a m p l i n g s i t e s . B= tar b a l l s d i s t r i b u t i o n at t he s a m p l i n g 
d i s t r i b u t i o n ( m a x i m u m d i s t a n c e f r o m w a t e r ' s edge ) v e r s u s ta r b a l l s i z e . D 
( m a x i m u m d i s t a n c e f r o m w a t e r ' s e d g e ) v e r s u s tar ba l l w e i g h t . 

Tar Distribution 

Tar Ball Weight 

cQ CO 

I I o 
• B-
H 

( S u b - g r a p h s : A= tar 
s i t e s . C= tar ba l l s 
= tar b a l l s d i s t r i b u t i o n 
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Tar ball increments on sandy beaches: 

N e w ta r b a l l s w e r e d e p o s i t e d at some of the s a m p l i n g s i t e s a f t e r 

one m o n t h . The i n c r e m e n t of ta r on sand b e a c h e s in a o n e - m o n t h 

p e r i o d was l ow in al l s i t e s . The h i g h e s t i n c r e m e n t v a l u e was in 

K h o m s . The i n c r e m e n t a l i n c r e a s e of ta r on s a n d b e a c h e s r a n g e d 

f r o m ze ro i n c r e m e n t in Z l i t e n and T a j o r a to 2 0 g in K h o m s (F ig . 

4 .2 ) . Tar b a l l s d u r i n g the o n e - m o n t h i n c r e m e n t p e r i o d were not 

f o u n d at the i m m e d i a t e p r o x i m i t y of the w a t e r l i ne , f r o m 2m to 

3m f r o m the w a t e r ' s edge (F ig . 4 .2 ) . 

g 

O c 
eg 
A 
c 
o 

D c 
O 

F i g u r e 4.2 Tar i n c r e m e n t and d i s t r i b u t i o n on s a n d y b e a c h e s 
( in o n e - m o n t h p e r i o d / J u l y - A u g u s t 1999) . ( S u b - g r a p h s : A= the 
i n c r e m e n t of ta r b a l l s at the s a m p l i n g s i t e s , v e r t i c a l ba r s s h o w 
s t a n d a r d e r ro r . B= D i s t r i b u t i o n of t a r b a l l s , t h e s y m b o l " © " 
r e p r e s e n t s tar b a l l s . 
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Rocky shores: The p e r c e n t a g e cover v a l u e s of ta r on rocky 

s h o r e s in Im^ r a n g e d f r o m 13.5% to 37 .9%, The h i g h e s t va lue 

was on the r o c k y s h o r e s of T r i p o l i wh i l e the l o w e s t va lue was in 

T a j o r a (F ig . 4 .3 ) . Z l i t e n , T a j o r a , and Z w a r a had much lower 

v a l u e s c o m p a r e d to o the r s i t e s . 

u 20 

1— —1—' '—1— —I—̂  '—r 
Misurata Zliten Khoms Tajora Tripoli Zawia Zwara 

East West 

F i g u r e 4 .3 Tar a b u n d a n c e on rocky s h o r e s . ( V e r t i c a l ba r s 

s h o w s t a n d a r d e r ro r ) 

H i g h e r t a r p e r c e n t a g e c o v e r v a l u e s were r e c o r d e d f o r r o c k s nea r 

the w a t e r ' s edge in all s i t e s . The v a l u e s b e c a m e l o w e r as t he 

d i s t a n c e f r o m the w a t e r ' s edge i n c r e a s e d (F ig 4 . 4 ) . T h i s p a t t e r n 

is c l e a r e r in T a j o r a and Z l i t e n w h e r e the a v e r a g e p e r c e n t a g e 

c o v e r v a l u e s are l ower c o m p a r e d wi th o the r s i t e s . 
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F i g u r e 4 .4 Tar d i s t r i b u t i o n p a t t e r n s on r o c k y s h o r e s at the s a m p l i n g s i t e s . A b u n d a n c e of tar on rocky 
s h o r e s p l o t t e d v e r s u s the d i s t a n c e f r o m the w a t e r ' s e d g e . V e r t i c a l b a r s s h o w s t a n d a r d e r ro r . 
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4.4 D i s c u s s i o n 

Tar a b u n d a n c e on sand b e a c h e s was h i g h e r in the v i c i n i t y of 

Z a w i a and the c i t i e s of K h o m s , M i s u r a t a and T r i p o l i ( F i g . 4 . 1 ) . 

The p r e s e n c e of an oil r e f i n e r y in Z a w i a and b i g s e a p o r t s in 

M i s u r a t a , K h o m s , and T r i p o l i p r o b a b l y e x p l a i n t h i s f i n d i n g . The 

h i g h v a l u e s of ta r a b u n d a n c e on sand b e a c h e s n e a r to t h e s e s i te 

i n d i c a t e s the d i r ec t e f f e c t of oi l p r o c e s s i n g a n d t r a n s p o r t a t i o n 

a c t i v i t i e s on the d e p o s i t i o n of oil r e s i d u e s on the b e a c h e s 

( A y b u l a t o v g f a Z , 1981) . 

A b u n d a n c e of tar on sand b e a c h e s was h i g h e r in the v i c i n i t y of 

Z a w i a oi l r e f i n e r y and c i t i e s w i t h s e a p o r t s ( F i g . 4 . 1 ) . T h i s 

p r o b a b l y i n d i c a t e s t ha t the e f f e c t of the l o c a l i s e d p o l l u t i o n 

s o u r c e s on the d e p o s i t i o n of tar on b e a c h e s . O t h e r f a c t o r s such 

as the sea c u r r e n t s and the g e o g r a p h i c a l c h a r a c t e r i s t i c s of the 

a r ea may a f f e c t t h i s p r o c e s s ( G o l i k of/, 1 9 8 8 ) . H o w e v e r , 

p a t t e r n s of g e o g r a p h i c a l d i s t r i b u t i o n of tar on t h e L i b y a n c o a s t 

can be l i n k e d to v a r i o u s f a c t o r s i n c l u d i n g the l o c a t i o n of o i l 

l o a d i n g t e r m i n a l s and s e a p o r t s , the p r e s e n c e o f the 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 z o n e , and the p r o x i m i t y of c i t y ' s s e w a g e ( E l -

G h i r a n i , 1981) . 

The t o p o g r a p h y of the l o c a t i o n such as the p r e s e n c e of a l i n e of 

r o c k s s t a n d i n g in i n s h o r e w a t e r s or the p r e s e n c e of s m a l l i s l a n d s 

can a f f e c t the d i s t r i b u t i o n and d e p o s i t i o n of t a r on the c o a s t . 
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R o c k y p e n i n s u l a s in c e r t a i n p o s i t i o n s , e s p e c i a l l y when 

h o r i z o n t a l to the sea c u r r e n t s , may act as n a t u r a l b a r r i e r s tha t 

p r e v e n t t a r b a l l s f r o m r e a c h i n g b e a c h e s . On t h e c o n t r a r y , a 

p e n i n s u l a or a bay in a n o t h e r p o s i t i o n cou ld f o r m a l o c a t i o n 

w h e r e ta r b a l l s get t r a p p e d ( N i e l s e n , 1999) . F i e l d o b s e r v a t i o n s 

s u p p o r t t h i s h y p o t h e s i s . 

On al l sand b e a c h e s , ta r b a l l s were not f o u n d at the i m m e d i a t e 

p r o x i m i t y of the w a t e r - l i n e and the s p a t i a l d i s t r i b u t i o n v a r i e s 

a c c o r d i n g l y fo r each s i t e (F ig . 4 .1 ) . Many f a c t o r s may e f f e c t the 

s p a t i a l d i s t r i b u t i o n of tar on b e a c h e s ( A l - m a d f a et al, 1999; 

I r v i n e et al, 1999; & G u i d e t t i et al, 2 0 0 0 ) . At al l the s a m p l i n g 

s i t e s , w e i g h t and s ize of ta r ba l l s were the m o s t f e a s i b l e f a c t o r 

a f f e c t i n g the spa t i a l d i s t r i b u t i o n . In s i t e s w h e r e the a v e r a g e tar 

ba l l d i a m e t e r was the s m a l l e s t , the d i s t r i b u t i o n r a n g e of tar 

b a l l s was the h i g h e s t and v i ce v e r s a . The s a m e a p p l i e s to the ta r 

ba l l w e i g h t (F ig . 4 .1 ) . 

The i n c r e m e n t of ta r on sand b e a c h e s a f t e r a o n e - m o n t h p e r i o d 

was l ow in al l s i t e s but the v a l u e s were h i g h e r in t h o s e nea r t he 

s o u r c e of p o l l u t i o n such as the Z a w i a oil r e f i n e r y and c i t i e s w i t h 

s e a p o r t s such as M i s u r a t a , K h o m s and T r i p o l i . On t he c o n t r a r y , 

o t h e r s i t e s such as Z l i t e n , w h i c h are r e l a t i v e l y f a r f r o m 

p o l l u t i o n s o u r c e , have no new ta r added over t h e p e r i o d of 
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o b s e r v a t i o n . This i n d i c a t e s the i n f l u e n c e of l o c a l i s e d p o l l u t i o n 

s o u r c e s on the d e p o s i t i o n of tar on the b e a c h e s (F ig . 4 .2 ) . 

Tar b a l l s w e r e not f o u n d at the i m m e d i a t e p r o x i m i t y of the 

w a t e r - l i n e a f t e r the o b s e r v a t i o n p e r i o d (F ig 4 . 2 ) . Th i s p a t t e r n is 

the s ame as when t h e s e s i t e s were p r e v i o u s l y s u r v e y e d . Th i s 

s u g g e s t s t ha t wave a c t i o n k e e p s the tar b a l l s t w o or t h r ee m e t r e s 

away f r o m the w a t e r edge even in s u m m e r s e a s o n w h e n the sea is 

u s u a l l y c a l m . 

The a r r i v a l of tar can be e f f e c t e d by many f a c t o r s such as the 

m o v e m e n t and d i r e c t i o n of sea c u r r e n t s and t he o c c u r r e n c e of oil 

sp i l l i n c i d e n t s ( A l - m a d f a gf a / , 1999; A y b u l a t o v e/ aZ, 1981; 

G o l i k g/ a/ , 1988; & G u i d e t t i ef aZ, 2000 ; I r v i n e ef a / , 1999) . 

T h u s , a l t h o u g h the i n c r e m e n t was low d u r i n g t h e o n e - m o n t h 

p e r i o d , it can be m u c h h i g h e r at o the r t i m e s . 

C o n s i d e r a b l e a reas of the b e d r o c k p l a t f o r m s w e r e c o v e r e d by 

t a r . The tar was d e p o s i t e d in f o r m of p a t c h e s or p e l l e t s ( P l a t e 

4 . 1 ) . The a b u n d a n c e of t a r on rocky s h o r e s was t h e m o s t in 

T r i p o l i , Z a w i a , K h o m s and M i s u r a t a c o m p a r e d w i t h o t h e r s i t e s 

(F ig . 4 . 3 ) . T h e s e f o u r s i t e s a c c o m m o d a t e many a c t i v i t i e s s u c h as 

oi l r e f i n i n g , and m a r i n e t r a n s p o r t a t i o n . M o r e o v e r , t h e s e c i t i e s 

have a h i g h e r p o p u l a t i o n c o m p a r e d w i t h the o t h e r s i t e s . Al l 
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t h e s e f a c t o r s can be l i n k e d to the h i g h a m o u n t s of t a r d e p o s i t e d 

on the r o c k y s h o r e s of t h e s e s i t e s . 

P l a t e 4 .1 Tar d e p o s i t e d on rocky s h o r e s in d i f f e r e n t f o r m s and 
d i f f e r e n t d i s t r i b u t i o n p a t t e r n s . 
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There is a c l ea r p a t t e r n of s p a t i a l d i s t r i b u t i o n of tar on the 

r o c k y s h o r e at a l l s i t e s . Th i s p a t t e r n is r e c o g n i s e d by the 

g r a d u a l d e c r e a s e of ta r a b u n d a n c e as the d i s t a n c e f r o m the wa te r 

edge i n c r e a s e s (F ig . 4 . 4 ) . U n l i k e sandy b e a c h e s , rocky s h o r e s 

h a v e m o r e of tar on the i m m e d i a t e p r o x i m i t y of the w a t e r ' s edge 

(F ig . 4 . 4 ) . Th i s p r o b a b l y can be e x p l a i n e d by t h e f a c t tha t w a v e 

a c t i o n has a l i m i t e d e f f e c t of the d i s t r i b u t i o n of t a r on the rocky 

s h o r e s in c o m p a r i s o n wi th the sandy b e a c h e s . The wave a c t i o n 

l o s e s i t s e f f e c t on tar b a l l s when they hit the f i r s t r o c k s in the 

i m m e d i a t e p r o x i m i t y of the w a t e r edge . The t a r b a l l s t h e n get 

t r a p p e d on the u n e v e n s u r f a c e of the b e d r o c k p l a t f o r m and 

a c c u m u l a t e ove r t i m e . Th i s w o u l d c a u s e m o r e a c c u m u l a t i o n of 

tar on the rocks nea r the w a t e r ' s edge c o m p a r e d w i t h the r e s t of 

the b e d r o c k p l a t f o r m away f r o m the w a t e r . T h i s h y p o t h e s i s is 

s t r o n g l y s u p p o r t e d by the f i n d i n g s of the s u r v e y and f i e l d 

o b s e r v a t i o n s . 
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CHAPTER FIVE: IMPACT OF OIL POLLUTION 

ON ROCKY SHORES 



C h a p t e r F i v e : I m p a c t of oi l p o l l u t i o n on r o c k y s h o r e s 

5 .1 I n t r o d u c t i o n 

R o c k y s h o r e s are a p r o m i n e n t f e a t u r e of the w o r l d ' s c o a s t l i n e s 

and p l ay an i m p o r t a n t ro le w i t h i n c o a s t a l e c o s y s t e m ( C l a r k , 

2 0 0 1 ; H a w k i n s & J o n e s , 1992) . A4any s t u d i e s s u g g e s t t h a t 

d i s c h a r g e s c o n t a i n i n g h y d r o c a r b o n s have a c o n s i d e r a b l e e f f e c t 

on r o c k y s h o r e c o m m u n i t i e s ( F o r d e , 2 0 0 2 ; R a f f a e l l i & H a w k i n s , 

1999; N e w e y & Seed , 1995; S u c h a n e k , 1993; T e r l i z z i a / , 

2 0 0 2 ) . The e f f e c t s of m a n m a d e or n a t u r a l d i s t u r b a n c e s on a 

p a r t i c u l a r s i te can be p r e d i c a t e d once the m a j o r c o m p o n e n t s of 

t h e s e a s s e m b l a g e s and t he i r i n t e r a c t i o n s have b e e n s t u d i e d 

( H a r t n o l l & H a w k i n s , 1985; P e t e r s o n aZ, 2 0 0 1 ) . 

Th i s c h a p t e r s t u d i e s the i m p a c t of c h r o n i c oil p o l l u t i o n on the 

L i b y a n r o c k y s h o r e s t h r o u g h an e c o l o g i c a l a p p r o a c h . The s tudy 

is b a s e d on the c o m p a r i s o n of the a b u n d a n c e of s p e c i e s f o u n d on 

the r o c k y s h o r e s at d i f f e r e n t s i t e s . The c o m p a r i s o n is b e t w e e n 

h e a v i l y p o l l u t e d and less p o l l u t e d s i t e s . The g e o g r a p h i c a l and 

s p a t i a l a s p e c t s of the e n v i r o n m e n t a l i m p a c t a re a l s o d i s c u s s e d . 
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5.2 C h a r a c t e r i s t i c s of t h e s t u d y a r e a 

A l t h o u g h many s t u d i e s have r e v i e w e d the f a u n a and the f l o r a of 

M e d i t e r r a n e a n c o a s t l i n e s ( G a m u l i n - B r i d a , 1967 ; P e r e s , 1967; 

C a m p b e l l , 1982 ; S t e u b e r & L o s e r , 2 0 0 0 ) , ve ry l i m i t e d 

i n f o r m a t i o n can be f o u n d on the e c o l o g y of t he L ibyan c o a s t a l 

r e g i o n ( E n b y a h e/ a / , 1986) . The w o r k s of H u n i and A r a v i n d a n 

( 1 9 8 4 ) , B u i s a e/ a / ( 1 9 8 5 ) and E n b y a h er a/ . ( 1 9 8 6 ) a p p e a r to be 

the on ly p u b l i s h e d s t u d i e s on the e c o l o g y of t h e L i b y a n r o c k y 

s h o r e s . 

As on mos t of the M e d i t e r r a n e a n c o a s t l i n e s , t h e L i b y a n s h o r e s 

have very low t i d a l r a n g e . A c c o r d i n g to the M e d i t e r r a n e a n P i l o t 

( 1 9 6 3 ) t i d e s in the M e d i t e r r a n e a n r e g i o n are of s e m i d i u r n a l 

n a t u r e w i t h a r a n g e of 15 cm. H o w e v e r , d u r i n g the s p r i n g s e a s o n 

the m e a n sea l eve l may vary as m u c h as 0.5 m m a i n l y as r e s u l t 

of m e t e o r o l o g i c a l c h a n g e s and wave a c t i o n ( E n b y a h et al, 1986) . 

R o c k y s h o r e s r a n g e in t he i r e x p o s u r e to wave a c t i o n f r o m 

e x p o s e d to s h e l t e r e d s h o r e s ( D a v i e s & Moss , 2 0 0 2 ) w h i c h 

e f f e c t s the d i s t r i b u t i o n of the c o m m u n i t i e s t h a t l ive on t h e s e 

h a b i t a t s ( H a w k i n s & S o u t h w a r d , 1992; L e w i s , 1 964 ; R a f f a e l l i & 

H a w k i n s , 1999; S t e p h e n s o n & S t e p h e n s o n , 1 9 7 2 ) . B a s e d on the 

E u r o p e a n N a t u r e I n f o r m a t i o n S y s t e m ( E U N I S ) H a b i t a t 

c l a s s i f i c a t i o n c o d e , al l of the r o c k y s h o r e s in t h e s t udy a r e a can 

be d e s c r i b e d as m o d e r a t e l y e x p o s e d ( D a v i e s & M o s s , 2 0 0 2 ) w i t h 
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g r a d u a l l y s l o p i n g b e d r o c k p l a t f o r m s and i r r e g u l a r s u r f a c e s 

(A icLeod , 1996) ( T a b l e 5 .1 , F ig . 5 . 1 A - D ) . 

T a b l e 5 .1 D e s c r i p t i o n of r o c k y s h o r e s a t t h e s a m p l i n g s i t e s . 

F a c t o r D e s c r i p t i o n D e f i n i t i o n 

E x p o s u r e M o d e r a t e l y M o d e r a t e l y e x p o s e d c o a s t s 

E x p o s e d is d e f i n e d as open c o a s t s 

f a c i n g away f r o m p r e v a i l i n g 

w i n d s and w i t h o u t a l ong 

f e t c h but w h e r e s t r o n g w i n d s 

can be f r e q u e n t ( D a v i e s & 

IWoss, 2 0 0 2 ) . 

U n e v e n B e d r o c k is d e f i n e d as any 

T o p o g r a p h y g r a d u a U y s t a b l e hard s u b s t r a t u m , not 

s l o p i n g s e p a r a t e d i n t o b o u l d e r s or 

b e d r o c k s m a l l e r s e d i m e n t u n i t s 

( M c L e o d , 1 9 9 6 ) . 

T e m p , r a n g e An a v e r a g e of 4 y e a r s 

a r o u n d t h e 10 - 4 2 ( M e t e o r o l o g i c a l A u t h o r i t y , 

y e a r ( ° C ) T n p o l L 1 9 9 4 - 1998 ) . 
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P l a t e 5 .1 E x a m p l e s of r o c k y s h o r e s in the s t u d y a r e a . Al l s i t e s 
are m o d e r a t e l y e x p o s e d , g r a d u a l l y s l o p i n g , and h a v e a 
c o m b i n a t i o n of rock and sand p l a t e a u x . 
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5.3 M e t h o d o l o g y 

5.3.1 S a m p l i n g sites 

Six s a m p l i n g s i t e s were s e l e c t e d to r e p r e s e n t h e a v i l y p o l l u t e d and 

less p o l l u t e d a r e a s , w i t h two c o n t r o l s i t e s in 30 km eas t of 

M i s u r a t a ( c o n t r o l s i te 1) and Z l i t e n ( c o n t r o l s i t e 2) . The c o n t r o l 

s i t e s w e r e f a r f r o m p o l l u t i o n s o u r c e s and c o n s i d e r e d c l ean or less 

p o l l u t e d . The p o l l u t e d s i t e s w e r e in M i s u r a t a , K h o m s , T r i p o l i and 

Z a w a i . T h e s e w e r e the same s a m p l i n g s i t e s t h a t u s e d to s tudy 

h y d r o c a r b o n d i s t r i b u t i o n in s e a w a t e r and s e d i m e n t s , and the 

d e p o s i t i o n of tar on the coas t ( T a b l e 2 .3 ) . 

S p a t i a l d i s t r i b u t i o n of r o c k y sho re c o m m u n i t i e s can be a f f e c t e d 

by e n v i r o n m e n t a l f a c t o r s such as the e x p o s u r e o f sho re to w a v e 

a c t i o n ( H a w k i n s & H a r t n o l l , 1983; L e w i s , 1964 ; S t e p h e n s o n & 

S t e p h e n s o n , 1972) . M o r e o v e r , f a c t o r s such as t h e s l o p e of the 

s h o r e and n a t u r e of s u b s t r a t a can i n f l u e n c e the d i s t r i b u t i o n 

p a t t e r n s of t h e s e c o m m u n i t i e s , e s p e c i a l l y in t h e a b s e n c e of 

a p p r e c i a b l e t i da l a m p l i t u d e , as in the L ibyan c o a s t l i n e s ( E n b y a h 

ef a / , 1986) . T h e r e f o r e , s a m p l i n g s i t e s were c h o s e n to h a v e the 

same d e g r e e of e x p o s u r e and a s i m i l a r t o p o g r a p h y ( T a b l e 5 .1 ) to 

r e d u c e v a r i a b i l i t y t h a t can be c a u s e d by these f a c t o r s . 
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5 . 3 . 2 S a m p l i n g m e t h o d 

A s q u a r e m e t r e q u a d r a t w a s u s e d to e s t i m a t e t h e p e r c e n t a g e cover 

of a l g a e and the n u m b e r s of i n d i v i d u a l s of s p e c i e s e x i s t i n g on the 

s tudy s i t e s . The q u a d r a t was d i v i d e d in to 100 sma l l s q u a r e s by 

p l a s t i c s t r i n g s , m a k i n g each s q u a r e 1 % of the q u a d r a t a rea . The 

q u a d r a t was t h r o w n r a n d o m l y on the b e d r o c k p l a t f o r m and the 

s p e c i e s w i t h i n the q u a d r a t were c o u n t e d as i n d i v i d u a l s and 

p e r c e n t a g e cove r was e s t i m a t e d fo r the a lga l s p e c i e s . 

The s a m p l i n g was f o c u s e d on t r a n s e c t s e x t e n d i n g a b o u t 4 -6m 

h o r i z o n t a l l y f r o m the w a t e r ' s edge . Two t r a n s e c t s w e r e s e l e c t e d 

r a n d o m l y in each s i t e . F i v e s a m p l e s were t a k e n on each t r a n s e c t . 

The a v e r a g e l e n g t h of b e d r o c k p l a t f o r m in the s a m p l i n g s i t e s was 

4 - 6 m . Th i s pa r t of the sho re is the mos t a f f e c t e d by oil d e p o s i t i o n 

t h e r e f o r e no a t t e m p t was m a d e to su rvey the b e d r o c k p la t fo r r i i s 

f u r t h e r t h a n 6m f r o m the w a t e r ' s edge . 

F ive c o m m o n l y f o u n d s p e c i e s on the s tudy a r e a w e r e s e l e c t e d f o r 

the s u r v e y tha t i n c l u d e d b a r n a c l e s , p e r i w i n k l e s , l i m p e t s and a l g a e 

( T a b l e 5 .2 ) . The s e l e c t e d s p e c i e s were Melarhaphe neritoides, 

Osilinus turbinatus, Chthamalus spp., Patella spp., and 

m a c r o a l g a e . A l g a l s p e c i e s c o m m o n l y f o u n d in t h e s t u d y a f e a 

i n c l u d e d Padina pavonia, Enteromorpha intestinalis, Ulva spp., 

Corallina officcinalis and Cystoseira spp. ( E n b y a h et al, 1986 ) . 
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The s p e c i e s were c o u n t e d as i n d i v i d u a l s w i t h i n the q u a d r a t 

i n c l u d i n g the b a r n a c l e s {Chthamalus spp.). T h e d e n s i t y of 

Chthamalus spp. was very low in the en t i r e s a m p l i n g s i t e s 

t h e r e f o r e it was d e c i d e d to e x p r e s s the a b u n d a n c e of t h i s s p e c i e s 

as a n u m b e r of i n d i v i d u a l s . The a lga l s p e c i e s w e r e not 

i n d i v i d u a l l y i d e n t i f i e d but p e r c e n t a g e cove r of the e x i s t i n g a lgae 

was e s t i m a t e d . 

T h e s e s p e c i e s va ry in t h e i r s e n s i t i v i t y to oil p o l l u t i o n . Red and 

g r een a l g a e as wel l as l i m p e t s , p a r t i c u l a r l y Patella spp., a re 

k n o w n as h i g h l y s e n s i t i v e to oi l p o l l u t i o n ( H i l l , 2 0 0 0 ; C l a r k , 

2 0 0 1 , G l e g g er a / , 1999; & H a w k i n s & S o u t h w a r d , 1992) . O t h e r 

s p e c i e s such as Chthamalus spp. have lower d e g r e e of s e n s i t i v i t y 

to oi l p o l l u t i o n and h y d r o c a r b o n c o n t a m i n a t i o n ( R i l e y , 2 0 0 2 ) . 

The s e a s o n a l and s p a t i a l v a r i a t i o n s of t he se s p e c i e s w e r e 

d i s c u s s e d by E n b y a h a / ( 1 9 8 6 ) . S e a s o n a l v a r i a t i o n s can a f f e c t 

the r e s u l t s of a s tudy of t h i s n a t u r e . The s u r v e y t o o k p l a c e on 

J u l y - A u g u s t 2001 w h e n t he se s p e c i e s are e x p e c t e d to h a v e 

m a x i m u m d e n s i t i e s . A c c o r d i n g to E n b y a h et al ( 1 9 8 6 ) t he 

m a x i m u m d e n s i t i e s of Patella spp. and a lgae w e r e o b s e r v e d 

d u r i n g May to S e p t e m b e r . T h u s , the e f f e c t of s e a s o n a l v a r i a t i o n s 

was r e d u c e d . 
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T a b l e 5 .2 S p e c i e s c o m m o n l y f o u n d on r o c k y s h o r e s of t h e 

s t u d y a r e a . ( B u i s a gf a/ , 1985; Ca tnpbeH, 1982 ; E n b y a h ef a / , 

1986 ; H u n i & A r a v i n d a n , 1984) . 

Scientific Name Common Name Description 

Melarhaphe neritoides Small Periwinkle Periwinkle 

Osilinus tiirbinatus Toothed Winkle Sea Snail 

Chthamalus spp. Star Barnacle Barnacle 

Patella spp. Mediterranean Limpet Limpet 

Vermetus triqueter Worm Shell Worm Shell 

Padina pavonia Lamouroux Frond Brown Algae 

Enteromorpha intestinalis Link Frond Green Algae 

Ulva spp. Sea Lettuce Green Algae 

Corallina officcinalis Linnaeus Frond Red Algae 

Cystoseira spp. Brown Algae 

103 



5.4 R e s u l t s 

A m o n g the s e s s i l e and s e d e n t a r y s p e c i e s Chthamalus spp. was 

the m o s t d o m i n a n t at all s i t e s wh i l e Patella spp. had the l owes t 

a b u n d a n c e v a l u e s c o m p a r e d wi th o the r s p e c i e s . Chthamalus spp. 

r a n g e d f r o m 76 i n d i v i d u a l m'^ in K h o m s to 23 i n d i v i d u a l s m'^ in 

T r i p o l i w h i l e Patella spp. r a n g e d f r o m 38 i n d i v i d u a l s m'^ in the 

c o n t r o l s i t e 1 (30 km eas t of M i s u r a t a ) to 14 i n d i v i d u a l m"^ in 

T r i p o l i (F ig . 5 .1 ) . 

Melarhaphe neritoides and Osilinus turbinatus had a s i m i l a r 

a v e r a g e n u m b e r of i n d i v i d u a l s in all s i t e s . T h i s is c l ea r in 

c o n t r o l s i t e 1 w h e r e the a v e r a g e s were 62 and 64 i n d i v i d u a l s m'^ 

c o n s e c u t i v e l y , in c o n t r o l s i t e 2 w h e r e the a v e r a g e s w e r e 62 and 

65 i n d i v i d u a l s m"^ r e s p e c t i v e l y , and in K h o m s t h e a v e r a g e s were 

54 and 55 i n d i v i d u a l s m'^ r e s p e c t i v e l y . The h i g h e s t n u m b e r of 

i n d i v i d u a l s of Osilinus turbinatus was f o u n d in Z l i t e n ( c o n t r o l 

s i t e 2) w i t h an a v e r a g e of 65 i n d i v i d u a l s m'^ w h i l e t he l o w e s t 

n u m b e r of i n d i v i d u a l s of t h i s s p e c i e s was f o u n d in T r i p o l i w i t h 

an a v e r a g e of 25 i n d i v i d u a l s m'^ (F ig . 5 .1 ) . 

M u c h l o w e r n u m b e r s of i n d i v i d u a l s and p e r c e n t a g e c o v e r of a lgae 

w e r e f o u n d in M i s u r a t a , K h o m s , T r i p o l i and Z a w i a c o m p a r e d w i t h 

c o n t r o l s i t e 1 and 2. T r i p o l i had the l o w e s t a v e r a g e n u m b e r of 

a n i m a l s and the l o w e s t a v e r a g e p e r c e n t a g e c o v e r of a l g a e a m o n g 

al l s i t e s (F ig . 5 .1 ) . 
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Misurata -30 km east 

(control Site 1) 
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Zlitcn 

(Control Site 2) 

Khmos Tripoli 

F i g u r e 5.1 A b u n d a n c e of major s p e c i e s at the s a m p l i n g s i t e s . 
V e r t i c a l bars show a b u n d a n c e of M. neritoides, O. turbinatus, Chthamalus spp., 
and Patella spp. as n u m b e r s of i n d i v i d u a l s m"^. 
V e r t i c a l ba r s for A lgae show a b u n d a n c e of a lga l s p e c i e s as a % c o v e r . 
E r ro r ba r s show s t a n d a r d e r ro r . A v e r a g e s were c a l c u l a t e d for 10 s a m p l e s in each 
s i t e . 
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The n u m b e r of i n d i v i d u a l s of Patella spp. was the l o w e s t in 

T r i p o l i w i t h an a v e r a g e of 14 i n d i v i d u a l s m"^ f o l l o w e d by Z a w i a 

and M i s u r a t a . In Z a w i a the a v e r a g e n u m b e r of i n d i v i d u a l s of 

Patella spp. was 16 i n d i v i d u a l s m"^ w h i l e in M i s u r a t a the m e a n 

was 18 i n d i v i d u a l s m'^. The h i g h e s t n u m b e r of i n d i v i d u a l s of 

th i s s p e c i e s was r e c o r d e d 30 km eas t of M i s u r a t a ( c o n t r o l s i t e 1) 

and in Z l i t e n ( c o n t r o l s i te 2) r e s p e c t i v e l y . The a v e r a g e in 

c o n t r o l s i t e 1 was 38 i n d i v i d u a l s and in c o n t r o l s i te 2 the 

a v e r a g e was 74 i n d i v i d u a l s m"^ (F ig . 5 .2 ) . 
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F i g u r e 5.2 A b u n d a n c e of Patella spp. in t h e s a m p l i n g s i t e s . 
V e r t i c a l ba r s s h o w s t a n d a r d e r ro r . A v e r a g e s w e r e c a l c u l a t e d f o r 
1 0 s a m p l e s . 
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The a b u n d a n c e v a l u e s of Patella spp. were t e s t e d s t a t i s t i c a l l y 

u s i n g one way a n a l y s i s of v a r i a n c e ( A N O V A - Tukey T e s t ) . It 

was f o u n d tha t t h e r e is a s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e 

b e t w e e n the m e a n a b u n d a n c e v a l u e s of Patella spp. in bo th 

c o n t r o l s i t e s c o m p a r e d w i t h the p o l l u t e d s i t e s w i th the e x c e p t i o n 

of K h o m s c o m p a r e d wi th c o n t r o l s i t e 2 ( T a b l e 5 .3 ) . 

T a b l e 5 .3 A c o m p a r i s o n b e t w e e n t h e a b u n d a n c e v a l u e s of 
Patella spp. a t t h e s a m p l i n g s i t e s b a s e d on T u k e y T e s t . 

( ^ ) = S t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e (P < 0 . 0 5 ) . 

( x ) = N o s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e ( P > 0 . 0 5 ) . 

C o n t r o l 1 C o n t r o l 2 M i s u r a t a K h o m s T r i p o l i Z a w i a 

C o n t r o l 1 
_ X 

C o n t r o l 2 X - X 
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The p e r c e n t a g e cover of a lgae was the lowes t in T r ipo l i and 

Zawia wi th an ave rage of 28% in both s i tes . The h ighes t 

p e r c e n t a g e cove r of a lgae was f o u n d in c o n t r o l s i te 1 (30 km 

east of M i s u r a t a ) wi th an ave rage of 54% (Fig 5 .3) . In Khoms 

and M i s u r a t a the ave rage p e r c e n t a g e cover of a lgae was 37% and 

3094 (F ig 5 .3 ) . 
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I 
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F i g u r e 5.3 D e n s i t i e s of a lgae cover in the s a m p l i n g s i t e s . 
V e r t i c a l ba r s show s t anda rd e r ro r . A v e r a g e s w e r e c a l c u l a t e d fo r 
10 s a m p l e s . 
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The a b u n d a n c e v a l u e s of a lgae were t e s t e d s t a t i s t i c a l l y u s i n g 

one way a n a l y s i s of v a r i a n c e ( A N O V A - T u k e y T e s t ) . It was 

f o u n d t h a t t h e r e is a s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e b e t w e e n 

the m e a n a b u n d a n c e v a l u e s of a lga l s p e c i e s in b o t h c o n t r o l s i t e s 

c o m p a r e d w i t h the p o l l u t e d s i t e s w i t h the e x c e p t i o n of K h o m s 

c o m p a r e d wi th c o n t r o l s i t e 2 ( T a b l e 5. 4) . T h i s p a t t e r n was the 

same as t he a b u n d a n c e p a t t e r n s of Patella spp. 

T a b l e 5 .4 A c o m p a r i s o n b e t w e e n t h e d e n s i t y v a l u e s of a l g a e 
a t t h e s a m p l i n g s i t e s b a s e d on T u k e y T e s t . 

( 1/ ) = S t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e (P < 0 . 0 5 ) . 

( x ) = N o s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e (P > 0 . 0 5 ) . 

C o n t r o l 1 C o n t r o l 2 M i s u r a t a K h o m s T r i p o l i Z a w i a 

C o n t r o l 1 
- X 

C o n t r o l 2 X - X 
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S i m i l a r i t i e s b e t w e e n a b u n d a n c e of al l s p e c i e s in the s a m p l i n g 

s i t e s w e r e c a l c u l a t e d u s i n g the B r a y - C u r t i s c o e f f i c i e n t . On the 

B r a y - C u r t i s s i m i l a r i t y sca le the a n a l y s i s h a v e s h o w n tha t the 

c o n t r o l s i t e s 1 and 2 are the mos t s i m i l a r w i t h a s i m i l a r i t y va lue 

of 96% (F ig . 5 .4 ) . T r i p o l i , Zawia and M i s u r a t a are the l ea s t 

s i m i l a r as a g r o u p c o m p a r e d wi th the c o n t r o l s i t e s 1 and 2 as a 

g r o u p w i t h a s i m i l a r i t y v a l u e of 83 % (F ig . 5 . 4 ) . 
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F i g u r e 5.4 A n a l y s i s of s i m i l a r i t i e s b e t w e e n the s p e c i e s 

a b u n d a n c e in t h e s a m p l i n g s i t e s u s i n g t h e B r a y - C u r t i s 

s i m i l a r i t y s c a l e . 
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The a n a l y s i s of s i m i l a r i t i e s b e t w e e n the s a m p l i n g s i tes us ing 

the n o n - m e t r i c m u l t i - d i m e n t i o n a l s ca l ing ( M D S ) has shown a 

c lea r p a t t e r n b e t w e e n the c o n t r o l s i t es and the p o l l u t e d s i tes 

(F ig . 5 .5 ) . In c o m p a r i s o n wi th the con t ro l s i t e s T r i p o l i was the 

l eas t s i m i l a r f o l l o w e d by Zawia , M i s u r a t a and Khoms 

r e s p e c t i v e l y (F ig . 5 .5) . 

wnmill 
B S u h b s j 

Muurata 

F i g u r e 5 .5 A n a l y s i s of s i m i l a r i t i e s b e t w e e n the s p e c i e s 

a b u n d a n c e in the s a m p l i n g s i t e s us ing the n o n - m e t r i c m u l t i -

d i m e n t i o n a l s c a l i n g (MDS) . 
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5,5 D i s c u s s i o n 

Rocky shores exh ib i t a r ange of v u l n e r a b i l i t i e s to oil p o l l u t i o n 

as they vary in e x p o s u r e to wave ac t ion ( D a v i e s & Moss , 2002 ; 

Lewi s , 1964; R a f f a e l l i & H a w k i n s , 1999; S t e p h e n s o n & 

S t e p h e n s o n , 1972, ) . Some rocky shores are c l e a n e d qu ick ly by 

n a t u r a l f o r c e s , o the r s can t rap oil and take y e a r s to r e cove r 

( C l a r k , 2001 ; H a w k i n s et al, 1999) . Most r o c k y shores in the 

s tudy a rea ( i . e . T r i p o l i t a n i a ) can be d e s c r i b e d as m o d e r a t e l y 

e x p o s e d and g r a d u a l l y s l op ing p l a t f o r m s w i t h uneven s u r f a c e s 

( D a v i e s & Moss , 2002 ; M c L e o d , 1996) ( T a b l e 5 .1) . The 

e x p o s u r e to wave ac t ion and the t o p o g r a p h y o f t hese sho res 

make tar ba l l s adhe re to the s u b s t r a t e and a c c u m u l a t e over t i m e . 

Thus the L ibyan rocky shores act as a t rap f o r d e p o s i t e d oil in 

the f o r m of tar ba l l s . A b u n d a n c e of tar on t h e s e sho res is very 

h igh in some a reas . Tar cove rage r e a c h e s m o r e than 35% of the 

s u b s t r a t u m in some s i t e s (F igs . 4.3 & 5 .3) . T h e r e f o r e the a rea 

a v a i l a b l e for s e s s i l e and s e d e n t a r y spec i e s is ve ry l i m i t e d . 

Oil d e p o s i t i o n on rocky shores can have v a r i o u s types of e f f e c t s 

on shore c o m m u n i t i e s . These e f f e c t s can be p h y s i c a l a c t i o n s 

such as s m o t h e r i n g and loss of h a b i t a t or b i o - p h y s i o l o g i c a l 

a c t i on v ia t o x i c i t y of oi l ( C l a r k , 2 0 0 1 ; F o r d e , 2 0 0 2 ; N e w e y & 

Seed , 1995; S u c h a n e k , 1993; T e r l i z z i er aZ, 2 0 0 2 ) . M u c h of the 

oil tha t r e a c h e s the c o a s t l i n e in the fo rm of t a r b a l l s has b e e n in 

the sea fo r some t ime and lost much of i ts t o x i c c o n s t i t u e n t s , 
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i . e . a r o m a t i c and v o l a t i l e c o n s t i t u e n t s , by w e a t h e r i n g ( S h e l t o n , 

1971) . T h e r e f o r e , the t o x i c e f f e c t s of oi l d e p o s i t e d on rocky 

s h o r e s are l i m i t e d and may not ha rm some s p e c i e s ( C l a r k , 2 0 0 1 ; 

N e w e y & Seed , 1995) . 

D e p o s i t i o n of tar on r o c k y s h o r e s may cause a loss of h a b i t a t of 

s o m e s p e c i e s t ha t w o u l d lead to a d e c r e a s e in c o m m u n i t y 

r i c h n e s s . The r i c h n e s s of sho re c o m m u n i t i e s c a n a l so be a f f e c t e d 

by m a n m a d e d i s t u r b a n c e s o the r t han oil p o l l u t i o n such as the 

d i s c h a r g e of i n d u s t r i a l and m u n i c i p a l s ewage ( H a r t n o l l & 

H a w k i n s , 1 985) . A r e a s such as K h o m s , M i s u r a t a and T r i p o l i 

have m o r e p o l l u t i o n i n p u t s f r o m s e a p o r t s , i n d u s t r i e s and 

m u n i c i p a l s e w a g e t h a t can a f f e c t r i c h n e s s of s h o r e c o m m u n i t i e s . 

The r e s u l t s of th i s s t udy s u g g e s t tha t the s h o r e c o m m u n i t i e s are 

a f f e c t e d the mos t by oil p o l l u t i o n more than a n y o t h e r type of 

p o l l u t i o n . Th i s h y p o t h e s i s is s u p p o r t e d by the f i n d i n g s tha t w e r e 

d i s c u s s e d in the p r e v i o u s c h a p t e r r e g a r d i n g d e p o s i t i o n of t a r on 

r o c k y s h o r e s w h e r e the tar c o v e r a g e on the s u b s t r a t a was m o r e 

t han 35% in some s i t e s (F ig s . 4 .3 & 5 .6) . 

The l o s s of such a c o n s i d e r a b l e a rea of the s u b s t r a t a by t he 

s h o r e c o m m u n i t y can a f f e c t t he i r a b u n d a n c e . T h e r e s u l t s of t h i s 

s u r v e y s h o w e d tha t l o w e r v a l u e s of s p e c i e s a b u n d a n c e f o u n d 

113 



in s i t e s tha t have h i g h e r v a l u e s of tar c o v e r a g e and v ice ve r sa 

(Figs . 4 .3 , 5 . 1 , 5 . 6 ) . 
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Figure 5.6 The r e l a t i o n s h i p b e t w e e n the a b u n d a n c e of s p e c i e s 
and the a b u n d a n c e of tar on rocky shores of the s t u d y area . 
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This p a t t e r n is p a r t i c u l a r l y c l ea r in s i t e s n e a r to b ig c i t i e s such 

as T r i p o l i and Z a w i a w h e r e tar d e p o s i t i o n r a t e is the h i g h e s t 

(F ig . 5 .1 ) . T h i s w o u l d s u g g e s t t ha t the ma in e f f e c t s of oi l 

p o l l u t i o n on the e x i s t i n g s p e c i e s are p r o b a b l y the loss o f . 

s u b s t r a t u m and or s m o t h e r i n g . R o c k y shore c o m m u n i t i e s , 

p a r t i c u l a r l y the s e s s i l e s p e c i e s , can be a f f e c t e d d i r e c t l y by t h e s e 

f a c t o r s ( F o r d e , 2 0 0 2 ; H a r t n o l l & H a w k i n s ; N e w e y & Seed , 1995; 

R a f f a e l l i & H a w k i n s , 1999; S u c h a n e k , 1993; 1 985 ; T e r l i z z i er 

oZ, 2 0 0 2 ) . 

In al l s i t e s the n u m b e r of i n d i v i d u a l s of f a f g / Z a was the 

l o w e s t a m o n g o t h e r s p e c i e s (F ig . 5 .1 ) . Th i s s p e c i e s is k n o w n as 

h i g h l y s e n s i t i v e to oil p o l l u t i o n ( H a w k i n s & S o u t h w a r d , 1992; 

G legg et al, 1 999; H i l l , 2 0 0 0 ; & C l a r k , 2 0 0 1 ) . Patella spp. h a v e 

a p a r t i c u l a r h i g h s e n s i t i v i t y to l o s s of s u b s t r a t u m , s m o t h e r i n g , 

and h y d r o c a r b o n c o n t a m i n a t i o n (H i l l , 2 0 0 0 ) . 

The l o w e s t n u m b e r s of i n d i v i d u a l s of th i s s p e c i e s w e r e r e c o r d e d 

in the v i c i n i t y of b ig c i t e s such as T r i p o l i , Z a w a i , and M i s u r a t a 

(F ig . 5 .2 ) w h e r e oil p o l l u t i o n has the h i g h e s t l e v e l s in the e n t i r e 

s tudy a rea . As d i s c u s s e d in the p r e v i o u s c h a p t e r s , the l e v e l s of 

oi l p o l l u t i o n in t h e s e s i t e s were the h i g h e s t in a l l of the c o a s t a l 

h a b i t a t s i . e . s e d i m e n t s , s e a w a t e r , s andy b e a c h e s and r o c k y 

s h o r e s . The a b u n d a n c e v a l u e s of p r o b a b l y i n d i c a t e 

the e x t e n t of i m p a c t of oi l p o l l u t i o n on t he se c o a s t a l h a b i t a t s . 
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R e s u l t s of the su rvey s h o w e d tha t Chthamalus spp. h ave a 

r e l a t i v e l y h i g h a b u n d a n c e a m o n g o the r s p e c i e s . U n l i k e the 

c o m m o n l i m p e t Patella spp., the b a r n a c l e Chthamalus spp. is 

k n o w n to h a v e low s e n s i t i v i t y to h y d r o c a r b o n c o n t a m i n a t i o n and 

i n t e r m e d i a t e s e n s i t i v i t y to s m o t h e r i n g e f f e c t s ( R i l e y , 2 0 0 2 ) . 

M o r e o v e r , as an o p p o r t u n i s t i c b a r n a c l e was 

r e p o r t e d to be ve ry a b u n d a n t in a r ea s tha t p r e v i o u s l y s u f f e r e d 

c h r o n i c o i l s p i l l s ( P e t e r s o n et al, 2 0 0 1 ) . 

The f a c t t ha t Chthamalus spp. has some d e g r e e of t o l e r a n c e to 

h y d r o c a r b o n c o n t a m i n a t i o n and as an o p p o r t u n i s t i c b a r n a c l e 

p r o b a b l y e x p l a i n s the r e l a t i v e l y h igh a b u n d a n c e of t h i s s p e c i e s 

a m o n g o t h e r s p e c i e s in the s t udy a rea . N e v e r t h e l e s s , the 

s m o t h e r i n g e f f e c t and the loss of s u b s t r a t a t h a t c a u s e d by ta r 

d e p o s i t i o n on the rocky s h o r e s of the s a m p l i n g s i t e s , p r o b a b l y 

has an e f f e c t on t he a b u n d a n c e of t h i s s p e c i e s . 

Some a lga l s p e c i e s , p a r t i c u l a r l y the red and g r e e n a l g a e , a re 

a l so k n o w n as h i g h l y s e n s i t i v e to oil c o n t a m i n a t i o n ( G l e g g er a / , 

1999; H a w k i n s & S o u t h w a r d , 1992) . O the r a l g a l s p e c i e s s u c h as 

Corallina officcinalis have a low s e n s i t i v i t y to h y d r o c a r b o n 

c o n t a m i n a t i o n and i n t e r m e d i a t e s e n s i t i v i t y to s m o t h e r i n g e f f e c t s 

( T y l e r - W a l t e r s , 2 0 0 0 ) . 
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No d i s t i n c t i o n was m a d e b e t w e e n the i n d i v i d u a l a lga l s p e c i e s 

d u r i n g the s a m p l i n g , but the r e s u l t s s h o w e d t h a t the p e r c e n t a g e 

c o v e r of the e x i s t i n g a lgae h a v e d e c r e a s e d s i g n i f i c a n t l y in a r ea s 

tha t r e c e i v e g r e a t e r p o l l u t i o n i n p u t s . Th i s p r o b a b l y i n d i c a t e s the 

i m p a c t of oi l p o l l u t i o n on the r o c k y s h o r e s as an i n t e g r a t e d 

h a b i t a t (F ig . 5 .3 ) . 

Al l s p e c i e s i n c l u d i n g Melarhaphe neritoides a n d Osilinus 

fHfAfwafwf w e r e f o u n d in l o w e r n u m b e r s in al l s a m p l i n g s i t e s 

c o m p a r e d w i t h the c o n t r o l s i t e s (F ig . 5 .4 , 5 .6 ) . The s i g n i f i c a n t 

d e c r e a s e in the a b u n d a n c e of s p e c i e s in a reas s u c h as M i s u r a t a , 

Z a w i a , K h m o s and T r i p o l i c o m p a r e d wi th the c o n t r o l s i t e s is 

c o n s i s t e n t w i th the f a c t tha t t h e s e a r ea s r e c e i v e g r e a t e r oi l 

p o l l u t i o n i n p u t s as d i s c u s s e d in the p r e v i o u s c h a p t e r s . 

M o r e o v e r , l o w e r v a l u e s of s p e c i e s a b u n d a n c e w e r e r e c o r d e d in 

s i t e s t h a t h a v e h i g h e r oil p o l l u t i o n l e v e l s . T h i s p a t t e r n is 

c o n s i s t e n t w i t h oil p o l l u t i o n l e v e l s tha t ex i s t in t he s i t e s of t he 

s t udy a rea . L e v e l s of h y d r o c a r b o n c o n t e n t in t h e s e d i m e n t s and 

s e a w a t e r , and l e v e l s of oi l d e p o s i t e d in f o r m of t a r in t he s a n d y 

b e a c h e s and the r o c k y s h o r e s a re a d v e r s e l y p r o p o r t i o n a l to s o m e 

d e g r e e wi th the s p e c i e s a b u n d a n c e in all s i t e s ( F i g s . 2 . 6 , 4 . 4 , 

4 . 1 , 5 . 1 , 5 .3 , 5 .6 ) . 
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The d e c r e a s e in s p e c i e s a b u n d a n c e on the r o c k y s h o r e s at the 

p o l l u t e d s i t e s is a c l ea r i n d i c a t i o n of the e x t e n t of the i m p a c t 

t h a t t h e s e h a b i t a t s r e c e i v e . The f i n d i n g s of t h i s su rvey t o g e t h e r 

w i t h the f i n d i n g s tha t were d i s c u s s e d in the p r e v i o u s c h a p t e r s 

h a v e s h o w n t h a t the L i b y a n rocky s h o r e s , w h i l e a c t i n g as a 

n a t u r a l s h i e l d fo r the res t of the c o a s t , are r e c e i v i n g a g r e a t e r 

i m p a c t as n a t u r a l h a b i t a t s . 
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CHAPTER SIX: GENERAL DISCUSSION 



C h a p t e r S ix : G e n e r a l D i s c u s s i o n 

6 .1 S o u r c e s a n d d i s t r i b u t i o n of oi l p o l l u t i o n on t h e L i b y a n 

c o a s t 

The p r e s e n c e of d i s p e r s e d and d e p o s i t e d h y d r o c a r b o n s on the 

L i b y a n c o a s t in the sea wa te r and the s e d i m e n t s is p r o b a b l y a 

r e s u l t of i n p u t s f r o m l o c a l i s e d s o u r c e s r a t h e r t h a n t r a n s -

b o u n d a r y p o l l u t i o n . The l o c a l i s e d s o u r c e s of o i l p o l l u t i o n are 

m a i n l y the s e a p o r t s , the c o a s t a l r e f i n e r i e s , and the m u n i c i p a l 

s e w a g e d i s c h a r g e ; but the t r a n s - b o u n d a r y oil p o l l u t i o n r e a c h e s 

the L i b y a n coas t f r o m the r e l e a s e of ba l l a s t w a t e r in the 

i n t e r n a t i o n a l d i s c h a r g e zone in the M e d i t e r r a n e a n (F ig . 1.2) 

( E l - G h i r a n i , 1981; M a g a z z u & A n g o t , 1981) . 

Oil r e l e a s e d in a r e a s f a r f r o m the coas t such as t he i n t e r n a t i o n a l 

d i s c h a r g e z o n e in the M e d i t e r r a n e a n sea , w o u l d l o s e m u c h of i ts 

l i g h t e r c o m p o n e n t s by e v a p o r a t i o n and o the r n a t u r a l p r o c e s s e s 

b e f o r e it r e a c h e s the coas t ( S h a r m a et al, 2 0 0 2 ) . T h u s , o n l y the 

h e a v i e r pa r t in the f o r m of m o u s s e or p e l a g i c t a r may f i n a l l y 

r e a c h t he coas t ( S h e l t o n , 1971; C l a r k , 2 0 0 1 ) . T h e r e f o r e , t he 

d i s p e r s e d and d e p o s i t e d h y d r o c a r b o n s in the s e a w a t e r and the 

s e d i m e n t s p r o b a b l y o r i g i n a t e d f r o m l o c a l i s e d s o u r c e s such 

s e a p o r t s , o i l r e f i n e r i e s , i n d u s t r i a l e f f l u e n t s , and m u n i c i p a l 

s e w a g e d i s c h a r g e . 
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H o w e v e r , t he i n f l u e n c e of the b a l l a s t w a t e r p r o b a b l y r e a c h e s the 

L i b y a n c o a s t in f o r m of p e l a g i c tar t ha t f i n a l l y d e p o s i t s on the 

r o c k y s h o r e s and the sandy b e a c h e s ( E l - G h i r a n i , 1981) . 

Many f a c t o r s may i n f l u e n c e the s p a t i a l d i s t r i b u t i o n of tar on 

c o a s t a l h a b i t a t s ( A l - m a d f a ef" aZ, 1999; I r v i n e a / , 1999; 

G u i d e t t i gf oZ, 2 0 0 0 ) . The s p a t i a l d i s t r i b u t i o n of oil d e p o s i t e d 

on r o c k y s h o r e s was d i f f e r e n t to t h a t on s a n d y b e a c h e s . The 

m a i n f a c t o r s t h a t i n f l u e n c e t h e s e p a t t e r n s a re p r o b a b l y the 

p h y s i c a l and the g e o g r a p h i c a l c h a r a c t e r i s t i c s of the c o a s t a l . 

h a b i t a t s , such as t o p o g r a p h y and e x p o s u r e to w a v e a c t i o n . 

Oil p o l l u t i o n in the L ibyan c o a s t is a s s o c i a t e d w i t h the c i t i e s . 

H i g h e r l e v e l s of oi l p o l l u t i o n w e r e f o u n d in t h e v i c i n i t y of t he 

c i t i e s such M i s u r a t a , K h o m s and T r i p o l i ( F i g s . 2 .6 , 4 .4 , 4 . 1 , 5 . 1 , 

5 .3 ) . L e v e l s of oi l p o l l u t i o n in such s i t e s are h i g h in the 

s e a w a t e r , t he s e d i m e n t s , the r o c k y s h o r e s , and the s a n d y 

b e a c h e s . Th i s p a t t e r n is c o n s i s t e n t w i th the l o w a b u n d a n c e of 

s p e c i e s on the m o r e p o l l u t e d r o c k y s h o r e s . T h e l e v e l s of 

p o l l u t i o n are a d v e r s e l y p r o p o r t i o n a l to some d e g r e e w i t h the 

s p e c i e s a b u n d a n c e on the r o c k y s h o r e s (F ig . 5 . 6 ) . 
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6.2 V u l n e r a b i l i t y of c o a s t a l h a b i t a t s 

C o a s t a l e c o s y s t e m s are bo th very p r o d u c t i v e and very v u l n e r a b l e 

( M a n n , 2 0 0 0 ) . The L i b y a n coas t is p a r t i c u l a r l y v u l n e r a b l e to oil 

p o l l u t i o n c o m p a r e d wi th o the r c o a s t l i n e s in t h e M e d i t e r r a n e a n 

Sea due to s e v e r a l f a c t o r s . F i r s t , the L i b y a n c o a s t b e i n g the 

s e c o n d l o n g e s t c o a s t l i n e in the M e d i t e r r a n e a n , it is more 

e x p o s e d to oi l t r a n s p o r t a t i o n t r a f f i c . S e c o n d , t h e r e is no n a t u r a l 

p r o t e c t i o n fo r t h i s c o a s t l i n e such as i s l a n d s t h a t may act as 

n a t u r a l s h i e l d s . T h i r d , L ibya is the b i g g e s t o i l p r o d u c e r and 

e x p o r t e r in the M e d i t e r r a n e a n . 

The r o c k y s h o r e s in L ibya r e p r e s e n t l e s s than 10% of the c o a s t 

( S n o u s s i & A o u l , 2 0 0 0 ) and are p r o b a b l y the m o s t v u l n e r a b l e to 

o i l . C o a s t a l h a b i t a t s have a r a n g e of v u l n e r a b i l i t i e s to oi l 

p o l l u t i o n ( T a b l e 6 .1) as they va ry in t he i r e x p o s u r e to w a v e 

a c t i o n ( H a w k i n s & S o u t h w a r d , 1992; C l a r k , 2 0 0 1 ) . The L i b y a n 

r o c k y s h o r e s , b e i n g s h e l t e r e d or m o d e r a t e l y e x p o s e d , may t a k e 

many y e a r s to r e c o v e r n a t u r a l l y ( T a b l e 6 .1 ) . O i l a c c u m u l a t e s 

ove r t i m e on t h e s e h a b i t a t s due to t he i r p h y s i c a l and 

g e o g r a p h i c a l c h a r a c t e r i s t i c s i n c l u d i n g the e x p o s u r e to w a v e 

a c t i o n and the t o p o g r a p h y . T h e r e f o r e the n a t u r a l r e c o v e r y of 

t h e s e h a b i t a t s may t ake a r e l a t i v e l y long t ime ( A l - m a d f a et al, 

1999; I r v i n e gr a / , 1999 ; G u i d e t t i a / , 2 0 0 0 ) . 
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T a b l e 6 .1 V u l n e r a b i l i t y i n d e x f o r c o a s t a l h a b i t a t s 
c l a s s i f i c a t i o n in o r d e r of v u l n e r a b i l i t y to o i l - s p i l l d a m a g e . 
R a n k i n g s t a r t s f r o m 1 tha t is the l ea s t v u l n e r a b l e to 8 tha t is the 
mos t v u l n e r a b l e ( G u n d l a c h , & Hayes , 1978) . 

I n d e x C o a s t a l h a b i t a t P e r s i s t e n c e of s t r a n d e d oi l 

1 R o c k y s h o r e s 

( e x p o s e d ) 

W a v e a c t i o n k e e p s mos t of oi l 

o f f s h o r e . C l e a n up is not 

n e c e s s a r y 

2 E r o d i n g w a v e - c u t 

p l a t f o r m s 

Mos t of oi l r e m o v e d by n a t u r a l 

p r o c e s s w i t h i n w e e k s 

3 Sandy b e a c h e s 

( F i n e - g r a i n e d ) 

Oil does not p e n e t r a t e in the 

s e d i m e n t s . Oil may p e r s i s t s e v e r a l 

m o n t h s u n l e s s m e c h a n i c a l r e m o v a l 

is u s e d . 

4 Sandy b e a c h e s 

( C o a r s e - g r a i n e d ) 

Oi l may p e n e t r a t e in the 

s e d i m e n t s . Oil c a n be r e m o v e d 

n a t u r a l l y in a r e l a t i v e l y l o n g e r 

t i m e . 

5 E x p o s e d t i d a l 

f l a t s 

Mos t of oi l wi l l no t a d h e r e to , nor 

p e n e t r a t e i n to , t h e t i d a l f l a t . 

6 Sand and g r a v e l 

b e a c h e s 

Oil may p e r s i s t f r o m m a n y y e a r s 

u n d e r rnode ra t e to l o w - e n e r g y 

c o n d i t i o n s . 

7 G r a v e l b e a c h e s Oil may p e r s i s t f r o m m a n y y e a r s 

u n d e r i n o d e r a t e t o l o w - e n e r g y 

c o n d i t i o n s . 

8 R o c k y s h o r e s 

( S h e l t e r e d ) 

Oil may p e r s i s t f o r m a n y y e a r s . 
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6.3 T h e p r o b a b i l i t y of oi l s p i l l s 

Oil p o l l u t i o n in the L ibyan coas t is a c h r o n i c p r o b l e m c a u s e d 

m a i n l y by f r e q u e n t i n p u t s f r o m l o c a l i s e d s o u r c e b o o s t e d by the 

r e l e a s e of b a l l a s t wa te r f r o m i n t e r n a t i o n a l o i l t a n k e r s in the 

M e d i t e r r a n e a n Sea . H o w e v e r , c a t a s t r o p h i c o i l s p i l l s may o c c u r 

at any t i m e e s p e c i a l l y in a r ea s such as the L i b y a n coas t w h e r e 

oi l e x p l o r a t i o n and e x p l o i t a t i o n a c t i v i t i e s h a v e t a k e n p l a c e s ince 

the 1950s . 

The w e s t e r n r e g i o n of the L ibyan coas t has b e e n i d e n t i f i e d as 

one of f i v e h i g h r i sk a reas in the M e d i t e r r a n e a n in w h i c h oil 

p o l l u t i o n a c c i d e n t s may occu r ( W o r l d B a n k , 1 9 9 8 ) . Th i s a r e a , as 

d i s c u s s e d in the p r e v i o u s c h a p t e r s , a c c o m m o d a t e s a l a rge 

n u m b e r of oi l e x p l o i t a t i o n a c t i v i t i e s i n c l u d i n g e x p l o r a t i o n , 

p r o d u c t i o n and t r a n s p o r t a t i o n . Two p r o j e c t s p a r t i c u l a r l y h a v e 

the h i g h e s t p r o b a b l e r i sk ; the new p r o j e c t w h i c h wi l l l ink the 

L i b y a n coas t w i t h I t a ly t h r o u g h a s u b - w a t e r p i p e l i n e to t r a n s f e r 

gas and oil ( D N V , 2 0 0 1 ) , and the " B o u r i " o f f s h o r e oi l f i e l d 

w h i c h is the b i g g e s t o f f s h o r e oi l f i e l d in the M e d i t e r r a n e a n Sea 

(SMI G r o u p , 2 0 0 0 ) . 

The S i c i l y - M a l t a c h a n n e l was d e f i n e d as a h i g h - r i s k a r ea as 

m o s t of the oi l t h a t t r a n s p o r t e d v ia the M e d i t e r r a n e a n p a s s e s 

t h r o u g h th i s c h a n n e l ( W o r l d B a n k , 1998) . Any r e l e a s e of oi l in 

the S i c i l y - M a l t a c h a n n e l wi l l h a v e a d i r ec t i m p a c t on the L i b y a n 
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w e s t e r n coas t wi th a m i n i m u m d r i f t t ime of 5 -10 days to r each the 

L ibyan coas t (F ig . 6 .1) . Wind and s u r f a c e c u r r e n t s are the main 

f a c t o r s tha t gove rn the sp read of r e l e a s e d oi l t o w a r d s the area of 

i n f l u e n c e ( M a g a z z u & A n g o t , 1981; Wor ld Bank , 1998) . 

h e M e d i t e r r a n e a n 

S i c i l y 

I I I I 

T u n i s 

L i b y a 

F i g u r e 6 .1 The area of i n f l u e n c e of three s i m u l a t e d re l ease 
s i t e s in the S ic i ly - Mal ta channe l (Not to s c a l e ) ( W o r l d Bank , 
1998) . 
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The o f f s h o r e o i l f i e l d of " B o u r i " is the cen t r e of one of f ive a reas 

of h igh r i sk in the M e d i t e r r a n e a n (Wor ld Bank , 1998) . The area of 

i n f l u e n c e of oil sp i l l s f r o m th is l oca t i on cover s mos t of the 

wes t e rn pa r t of the L ibyan coas t (F ig . 6 .2) . The p o l l u t i o n 

p r o b a b i l i t y at the coas t ex tends to 50% whi l e the m i n i m u m d r i f t 

t ime to the coas t r anges f r o m 3 to 20 days (Wor ld Bank , 1998) . 

T h e M e d i t e r r a n e a n 

T u n i s i a 

L i b y a 

F igure 6 .2 The area of i n f l u e n c e of a s i m u l a t e d r e l e a s e s i te at 
Bouri oil f i e l d , L ibya (Not to s ca l e ) (World B a n k , 1998) . 
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6.4 T h e i m p a c t of oil p o l l u t i o n on c o a s t a l r e s o u r c e s 

C o a s t a l r e s o u r c e s are v u l n e r a b l e to adve r se e f f e c t s f r o m ch ron ic 

i npu t s of oil at sea p a r t i c u l a r l y in a reas s u c h as the L ibyan 

coas t whe re coas t a l zone m a n a g e m e n t ( C Z M ) is poo r ly 

i m p l e m e n t e d ( S n o u s s i & Aou l , 2000) . The L i b y a n beaches are 

the m o s t i m p o r t a n t n e s t i n g p l a c e s fo r e n d a n g e r e d s p e c i e s of 

m a r i n e t u r t l e s in the M e d i t e r r a n e a n (Pa te l , 1995) wh ich i nc lude 

the l o g g e r h e a d tu r t l e {Caretta caretta), t he green tu r t l e 

{Chelonia mydas), and the l e a t h e r b a c k t u r t l e (Dermochelys 

c o r / a c g a ) (Lauren t gr a / . , 1998) . These s p e c i e s are r e g a r d e d as 

ra re in the M e d i t e r r a n e a n r eg ion b e c a u s e of l o s s of n e s t i n g s i tes 

as a r e s u l t of new d e v e l o p m e n t s and p o l l u t i o n (Lau ren t ef a/ . , 

1998; UNEP, 1990) . There is e v i d e n c e tha t o i l p o l l u t i o n may 

cause s i g n i f i c a n t damage to m a r i n e w i l d l i f e p a r t i c u l a r l y the sea 

t u r t l e s ( B i s h o p et al., 1998; M i g n u c c i - G i a n n o n i , 1999) . S t u d i e s 

showed tha t r e s i d u e s of p e t r o l e u m h y d r o c a r b o n s were f o u n d in 

the t i s s u e s of sea t u r t l e s tha t have been e x p o s e d to oil s p i l l s 

(Hal l gf aZ, 1983) . 

As d i s c u s s e d in the p r e v i o u s c h a p t e r s , oil r e s i d u e s are d e p o s i t e d 

in l a rge q u a n t i t i e s over c o n s i d e r a b l e a reas of t h e sandy b e a c h e s 

of the w e s t e r n r eg ion of L ibya . The d e p o s i t i o n of oil r e s i d u e s 

on sandy b e a c h e s , wh ich are the ne s t i ng a reas of t he se s p e c i e s , 

p r o b a b l y have s i g n i f i c a n t e f f e c t s on the sea t u r t l e s tha t can l ead 

to the e v i c t i o n of t he se a n i m a l s f r o m the a rea . 
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M o r e t h a n 20 b i rd s p e c i e s have been r e p o r t e d e i t he r as r e s i d e n t 

or m i g r a n t b r e e d e r s in the w e s t e r n c o a s t a l r e g i o n of L ibya , and 

m o r e t han 100 o t h e r b i rd s p e c i e s are c o n s i d e r e d as s e a s o n a l 

v i s i t o r s or p a s s i n g m i g r a n t s in t h i s r e g i o n ( B u n d y , 1976) . 

S o m e of the l o c a l l y b r e e d i n g s p e c i e s are l i s t e d as t h r e a t e n e d or 

e n d a n g e r e d such as the L e s s e r - C r e s t e d Tern 

6gMga/gMj'zs) ( J a m e s , 1984) . C h r o n i c oil p o l l u t i o n can have 

s i g n i f i c a n t a d v e r s e e f f e c t s on s e a b i r d s ( C a m p h y s e n & H e u b e c k , 

2 0 0 1 ) . T h e s e e f f e c t s r a n g e f r o m sk in d a m a g e to m o r t a l i t y 

( B o e s c h & R a b a l a i s , 1987; S t e p h e n s o n , 1997; T s e n g , 1999) . The 

f r e q u e n t i n p u t s of o i l in to the sea f r o m v a r i o u s s o u r c e s in t he 

L i b y a n c o a s t a l w a t e r s p r o b a b l y have s i g n i f i c a n t i m p a c t on t he 

m i g r a t o r y and r e s i d e n t s p e c i e s of s e a b i r d s . 

6 .5 P r o t e c t i o n of t h e L i b y a n c o a s t a g a i n s t o i l p o l l u t i o n 

P e r i o d i c oi l sp i l l i n c i d e n t s can c a u s e s i g n i f i c a n t e n v i r o n m e n t a l 

d a m a g e , but c h r o n i c oi l p o l l u t i o n may c a u s e g r e a t e r 

e n v i r o n m e n t a l d a m a g e than o c c a s i o n a l e x t r e m e e v e n t s ( D i c k s & 

H a r t l e y , 1982; B a u s s a n t er aZ, 2 0 0 1 ; C a m p h y s e n & H e u b e c k , 

2 0 0 1 ) . In o rde r to f i n d a ba s i s fo r m a n a g i n g t h i s b a c k g r o u n d 

p o l l u t i o n it is n e c e s s a r y fo r L ibya to m o n i t o r t h e e x i s t i n g 

e n v i r o n m e n t a l q u a l i t y s t a t u s and use t h i s to p r o v i d e an 

i n d i c a t i o n of p o s s i b l e c a u s e s and r e s p o n s e p r i o r i t i e s . In s o m e 

a r e a s , oi l p o l l u t i o n m o n i t o r i n g is an e s t a b l i s h e d o p e r a t i o n a l 

p r o c e d u r e but e l s e w h e r e , such as the L ibyan c o a s t , a f i r s t is to 
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u n d e r t a k e o n e - o f f s u r v e y s to i n d i c a t e the o v e r a H s t a tu s of the 

a r e a . 

The l ack of w e l l - d e f i n e d s t r a t e g i e s , long t e r m p l a n s , and co-

o r d i n a t i o n a m o n g a u t h o r i t i e s are the m a i n f a c t o r s tha t e n c o u n t e r 

the c o n t r o l of oi l p o l l u t i o n in L ibya ( T l u b a , 1991 ) . The c o u n t r y 

has to d e v e l o p new s t r a t e g i e s to c o m b a t and p r e v e n t th i s 

p r o b l e m . P l a n s and s t r a t e g i e s s h o u l d be d e s i g n e d to be f l e x i b l e 

to r e s p o n d e f f i c i e n t l y to oil p o l l u t i o n as a c h r o n i c p r o b l e m as 

we l l as in c a t a s t r o p h i c e v e n t s . 

C e r t a i n s t ep s s h o u l d be t a k e n to c o n t r o l and p r e v e n t t h i s 

p r o b l e m tha t s h o u l d i n c l u d e : 

# I n c r e a s i n g the a w a r e n e s s a b o u t the s e r i o u s n e s s of oi l 

p o l l u t i o n p r o b l e m s a m o n g the a u t h o r i t i e s as w e l l as t he 

g e n e r a l p u b l i c . 

# E n h a n c i n g m a r i n e p o l l u t i o n a b a t e m e n t and c o n t r o l in c r i t i c a l 

a r e a s tha t are s u b j e c t to i n d u s t r i a l and l a n d - b a s e d p o l l u t i o n . 

® S t r e n g t h e n i n g the r e g i o n a l c o - o p e r a t i o n to r e s p o n d to oil 

s p i l l s . 

# A d o p t i o n of a n a t i o n a l c o n t i n g e n c y p l an , w h i c h w o u l d e n s u r e 

t h a t t he c o u n t r y ha s c o n s i s t e n t r e g u l a t o r y p o l i c i e s , 

m e t h o d o l o g i e s , and e q u i p m e n t , and tha t t h e y a l l o c a t e 

r e s o u r c e s and o p e r a t e e f f i c i e n t l y . 
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« A d o p t i o n of an a c t i o n p l an and i m p l e m e n t a t i o n of i t s 

r e c o m m e n d a t i o n s to e n s u r e good c o a s t a l z o n e m a n a g e m e n t 

and t a c k l e m a r i n e p o l l u t i o n . 

# P r o v i s i o n of a c o m p r e h e n s i v e m o n i t o r i n g s y s t e m , b o t h l o c a l l y 

and r e g i o n a l l y , to c o n t r o l m a r i t i m e t r a f f i c and m o n i t o r 

c o m p l i a n c e wi th loca l and i n t e r n a t i o n a l r e g u l a t i o n s . 

• I m p l e m e n t a t i o n of a p p r o p r i a t e a l t e r n a t i v e s fo r c o l l e c t i n g and 

p r o c e s s i n g b a l l a s t w a t e r and o i ly w a s t e s , i n c l u d i n g p o s s i b l e 

m a r k e t i n g of b y - p r o d u c t s and o t h e r o p t i o n s f o r f i n a l d i s p o s a l . 

6 . 5 . 1 T h e n e e d f o r E1A f r o m oil p r o j e c t s 

E n v i r o n m e n t a l I m p a c t A s s e s s m e n t (E IA) in L ibya has not 

o b t a i n e d a f u l l l ega l s t a t u s and is s t i l l no t d e f i n e d by 

r e g u l a t i o n s t h a t d e t e r m i n e i ts s cope and p r o c e d u r e s ( D N V , 

2 0 0 1 ) . An EIA s h o u l d e v a l u a t e the i m p a c t of a d e v e l o p m e n t on 

h u m a n s and on the w h o l e s u r r o u n d i n g e n v i r o n m e n t . E x i s t i n g 

r e g u l a t i o n s h o w e v e r do not g ive a s u f f i c i e n t b a s i s f o r d e f i n i n g 

m e t h o d s and p r o c e d u r e s fo r e s t i m a t i n g the i m p a c t on h u m a n 

h e a l t h and on the e c o s y s t e m . 

The e x i s t i n g r e g u l a t i o n s c o n c e r n i n g EIA s h o u l d be d e v e l o p e d to 

i n c l u d e d e t a i l e d g u i d e l i n e s on the p r e p a r a t i o n of E I A s f o r oil 

p r o j e c t s . E x p e r t s f r o m the a u t h o r i t i e s s h o u l d r e v i e w the 

e n v i r o n m e n t a l s t a t e m e n t s b e f o r e g r a n t i n g a p p r o v a l f o r any 

p r o j e c t s . 
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6 . 5 . 2 P o s s i b l e i m p r o v e m e n t m e a s u r e s 

C o a s t a l oi l r e f i n e r i e s are c o n t r i b u t i n g to oil i n p u t s in to the 

w o r l d ' s o c e a n s wi th m o r e t han 0 .10 m i l l i o n t o n n e year '^ ( C l a r k , 

2 0 0 1 ) . R e f i n e r i e s in L ibya are c o n s i d e r e d s i g n i f i c a n t s o u r c e s of 

c h r o n i c oi l p o l l u t i o n . For e x a m p l e , p a r t i c u l a r l y h igh l e v e l s of 

oi l p o l l u t i o n w e r e f o u n d near Z a w i a r e f i n e r y as d i s c u s s e d in the 

p r e v i o u s c h a p t e r s . 

P o s s i b l e i m p r o v e m e n t m e a s u r e s can be a p p l i e d to the L i b y a n 

r e f i n e r i e s by t a k i n g the Esso r e f i n e r y in F a w l e y as an e x a m p l e . 

The m e a s u r e s t h a t have been used to r e d u c e h y d r o c a r b o n 

d i s c h a r g e in S o u t h a m p t o n Wate r f r o m the E s s o r e f i n e r y w e r e 

e f f e c t i v e and have i m p r o v e d the q u a l i t y of the r e f i n e r y ' s 

e f f l u e n t c o n s i d e r a b l y ( E S S O & E x x o n M o b i l , 2 0 0 0 ) . 

In t h i s c o n t e x t , i m p r o v e m e n t ( F i e l d S t u d i e s C o u n c i l , 1994) may 

i n c l u d e : 

• T r a i n i n g p e r s o n n e l on how to avo id l eaks a n d s p i l l s t h a t may 

o c c u r d u r i n g v a r i o u s o p e r a t i o n a c t i v i t i e s . 

* M o d i f y i n g in the p r o d u c t i o n p r o c e s s e s to r e d u c e the a m o u n t 

or t o x i c i t y of oi l w a s t e s . 

# I m p r o v i n g the q u a l i t y of the e f f l u e n t wa te r f r o m the r e f i n e r y 

by p a s s i n g the p r o c e s s wa te r and the c o o l i n g w a t e r t h r o u g h 

f i l t r a t i o n p l a n t . 
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6.6 S u g g e s t i o n s f o r F u r t h e r w o r k 

The s u b j e c t of m a r i n e oil p o l l u t i o n in L ibya is s t i l l a new area 

f o r r e s e a r c h and i n v e s t i g a t i o n . Very f e w s t u d i e s can be f o u n d on 

t h i s s u b j e c t . T h u s , t h i s r e s e a r c h can be used as a b a s i s f o r many 

f u r t h e r s t u d i e s to i n v e s t i g a t e the p r o b l e m of o i l p o l l u t i o n on the 

L i b y a n coas t f r o m v a r i o u s a s p e c t s . For e x a m p l e , the a s s e s s m e n t 

of the i m p a c t of oi l p o l l u t i o n on the c o a s t a l r e s o u r c e s such as 

the f i s h e r i e s and sea t u r t l e s , can be a s u b j e c t f o r f u r t h e r 

i n v e s t i g a t i o n . 

A f u r t h e r s tudy on the p o s s i b l e m e a s u r e s and s t r a t e g i e s f o r the 

p r o t e c t i o n of the L i b y a n coas t f r o m oil p o l l u t i o n is ve ry 

i m p o r t a n t at the p r e s e n t t i m e . Such s tudy may i n c l u d e the d e s i g n 

of r e c e p t i o n f a c i l i t i e s f o r b a l l a s t w a t e r in the L i b y a n s e a p o r t s , 

and i t s t e c h n i c a l and m a n a g e r i a l a s p e c t s . 

T h i s r e s e a r c h has s t u d i e d the p r o b l e m of oil p o l l u t i o n on the 

w e s t e r n pa r t of the L i b y a n coas t ( T r i p o l i t a n i a ) w h i c h is a b o u t 

500 km. C o n s i d e r i n g the a v a i l a b l e t i m e , it w a s no t p o s s i b l e to 

s t udy oil p o l l u t i o n on the e n t i r e L ibyan coas t ( a b o u t 1770 k m ) . 

The Gu l f of Sir t and the e a s t e r n coas t of L i b y a ( C y r e n a c i a ) is 

p r o b a b l y the mos t a f f e c t e d by the r e l e a s e of b a l l a s t w a t e r 

( M a g a z z u & A n g o t , 1981) . A s tudy on the a s s e s s m e n t of t h e 

i m p a c t of b a l l a s t w a t e r on th i s r e g i o n is , t h e r e f o r e , n e e d e d . 
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6 .7 C o n c l u s i o n 

Oil p o l l u t i o n on the L i b y a n coas t is c a u s e d by f r e q u e n t i n p u t s 

f r o m l o c a l i s e d s o u r c e s such as s e a p o r t s , c o a s t a l r e f i n e r i e s , and 

m u n i c i p a l s e w a g e d i s c h a r g e . T r a n s - b o u n d a r y s o u r c e s are a l so 

s i g n i f i c a n t , i . e . t he d i s c h a r g e of b a l l a s t w a t e r f r o m i n t e r n a t i o n a l 

oi l t a n k e r s in the M e d i t e r r a n e a n ( M a g a z z u & A n g o t , 1981) . 

A p p l y i n g s e v e r a l t e c h n i c a l and o p e r a t i o n a l m e a s u r e s can r e d u c e 

i n p u t s f r o m l o c a l i s e d s o u r c e s of p o l l u t i o n s u c h as oi l r e f i n e r i e s . 

The m e a s u r e s t a k e n to r e d u c e h y d r o c a r b o n i n p u t s in to 

S o u t h a m p t o n W a t e r f r o m the F a w l e y r e f i n e r y c a n be a p p l i e d to 

Z a w i a r e f i n e r y in L ibya . Based on the case of S o u t h a m p t o n 

W a t e r , r e s u l t s of any c h a n g e s in Z a w a i r e f i n e r y to r e d u c e the 

i n p u t s of oi l in to the sea may t ake s e v e r a l y e a r s b e f o r e any 

i m p r o v e m e n t s can be n o t i c e d . 

C o a s t a l h a b i t a t s on the L i b y a n coas t are a f f e c t e d c o n s i d e r a b l y 

by d e p o s i t i o n of o i l . The rocky s h o r e s are p a r t i c u l a r l y 

v u l n e r a b l e to oil p o l l u t i o n due to the a c c u m u l a t i o n of t a r t h a t 

may t a k e l ong t i m e to r e c o v e r in c o m p a r i s o n w i t h the s a n d y 

b e a c h e s ( G u n d l a c h , & H a y e s , 1978; A l - m a d f a et al, 1999 ; I r v i n e 

et al, 1999; G u i d e t t i et al, 2 0 0 0 ) . The L ibyan r o c k y s h o r e s a re 

a c t i n g as a n a t u r a l s h i e l d fo r the r e s t of the c o a s t , t h e r e f o r e t h e y 

are p r o b a b l y the m o s t v u l n e r a b l e a m o n g o the r c o a s t a l h a b i t a t s . 
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APPENDIX (1) 

CONCENTRATIONS OF HYDROCARBONS IN 

SEAWATER AND SEDIMENTS IN THE LIBYAN 

COAST 



A p p e n d i x (1) C o n c e n t r a t i o n s of H y d r o c a r b o n s in S e a w a t e r 

a n d S e d i m e n t s on t h e L i b y a n c o a s t ( p p m ) 

H y d r o c a r b o n s c o n c e n t r a t i o n s in M i s u r a t a s e a w a t e r 

L o c a t i o n 

S a m p l e 1 

C o n e , ( p p m ) 

S a m p l e 2 

C o n e , ( p p m ) 

A v e r a g e 

C o n e , 

( p p m ) 

N o t e s 

4 0 k m e a s t 4 0 2 Control site 

3 k m e a s t 

( I r o n a n d s t e e l 

c o m p l e x ) 

1 1.5 13 .5 1 2 . 5 

S e a p o r t 1 8 22 20 

F r o n t o f t h e c i t y 9 10 9.5 

3 0 km w e s t 

( D a f n i a ) 

6 . 5 7.5 7 
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H y d r o c a r b o n s c o n c e n t r a t i o n s in M i s u r a t a sea s e d i m e n t s 

L o c a t i o n 

S a m p l e 1 

C o n e , ( p p m ) 

S a m p l e 2 

C o n e , ( p p m ) 

A v e r a g e 

C o n e , 

( p p m ) 

N o t e s 

40 km e a s t 45 23 34 C o m p a r ^ o n 

area 

3 k m e a s t ( I r o n 160 2 7 8 2 1 9 

a n d s t e e l 

c o m p l e x ) 

S e a p o r t 3 8 6 4 9 0 4 2 9 

F r o n t o f t h e c i t y 128 154 141 

3 0 k m w e s t 58 96 77 

( D a f n i a ) 
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H y d r o c a r b o n s c o n c e n t r a t i o n s in Z l i t e n s e a w a t e r 

L o c a t i o n 

S a m p l e 1 

C o n e , ( p p m ) 

S a m p l e 2 

C o n e , ( p p m ) 

A v e r a g e 

C o n e , 

( p p m ) 

Notes 

3 k m e a s t 6 4 5 Comparison 

area 

3 km w e s t 5 0 2 . 5 

H y d r o c a r b o n s c o n c e n t r a t i o n s in Z l i t e n s e a s e d i m e n t s 

L o c a t i o n 

S a m p l e 1 

Cone, (ppm) 

S a m p l e 2 

C o n e , ( p p m ) 

A v e r a g e 

C o n e , 

( p p m ) 

N o t e s 

3 k m e a s t 122 146 1 3 4 C o m p a r h m n 

area 

3 k m w e s t 95 120 1 0 7 . 5 

156 



H y d r o c a r b o n s c o n c e n t r a t i o n s in K h o m s s e a w a t e r 

L o c a t i o n 

S a m p l e 1 

C o n e , ( p p m ) 

S a m p l e 2 Cone, 

( p p m ) 

A v e r a g e C o n e , ( p p m ) 

3 km e a s t 7.5 8 .5 8 

S e a p o r t 8 10 9 

3 km w e s t 8 9 8 .5 

H y d r o c a r b o n s c o n c e n t r a t i o n s i n K h o m s s e a s e d i m e n t s 

L o c a t i o n 

S a m p l e 1 

C o n e , ( p p m ) 

S a m p l e 2 C o n e , 

(ppm) 

A v e r a g e C o n e , ( p p m ) 

3 k m e a s t 9 8 8 875 9 3 1 . 5 

S e a p o r t 13 59 1 5 5 0 1 4 5 4 . 5 

3 km w e s t 9 7 5 1 1 0 0 1 03 7 .5 

157 



H y d r o c a r b o n s c o n c e n t r a t i o n s in T a j o r a s e a w a t e r 

L o c a t i o n 

S a m p l e 1 

C o n e , ( p p m ) 

S a m p l e 2 C o n e , 

( p p m ) 

A v e r a g e C o n e , ( p p m ) 

3 km e a s t 7 8 7 .5 

3 km w e s t 8 .5 9 .5 9 

H y d r 0 c a r b o n s c o n c e n t r a t i o n s i n T a j o r a s e a s e d i m e n t s 

L o c a t i o n 

S a m p l e 1 

C o n e , ( p p m ) 

S a m p l e 2 C o n e , 

( p p m ) 

A v e r a g e C o n e , ( p p m ) 

3 km e a s t 112 126 119 

3 km w e s t 130 195 1 6 2 . 5 
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H y d r o c a r b o n s c o n c e n t r a t i o n s i n T r i p o l i s e a w a t e r 

L o c a t i o n 

S a m p l e 1 

C o n e , ( p p m ) 

S a m p l e 2 

C o n e , ( p p m ) 

A v e r a g e C o n e , ( p p m ) 

3 km e a s t 13 .5 1 4 . 5 14 

S e a p o r t 23 2 2 . 5 2 2 . 7 5 

3 km w e s t 14 1 5 14 .5 

10 km w e s t 

( J a n z o u r ) 

6 .5 7 . 5 7 

H y d r o c a r b o n s c o n c e n t r a t i o n s i n T r i p o l i s e a s e d i m e n t s 

L o c a t i o n 

S a m p l e 1 

C o n e , ( p p m ) 

S a m p l e 2 

C o n e , ( p p m ) 

A v e r a g e Cone, ( p p m ) 

3 km e a s t 2 7 0 2 1 9 2 2 4 . 5 

S e a p o r t 5 1 2 5 9 5 5 5 3 . 5 

3 km w e s t 2 2 8 2 1 0 2 1 9 

10 km w e s t 

( J a n z o u r ) 

130 125 1 2 7 . 5 
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H y d r o c a r b o n s c o n c e n t r a t i o n s in Z a w i a s e a w a t e r 

L o c a t i o n 

Sample 1 

Cone, (ppm) 

Sample 2 C o n e , 

(ppm) 

Ave rage Cone, ( ppm) 

3 km eas t 35 32.5 33.75 

Oil R e f i n e r y 32 33.5 32.75 

3 km wes t 26 17.5 21.75 

H y d r o c a r b o n s c o n c e n t r a t i o n s in Z a w i a s ea s e d i m e n t s 

L o c a t i o n 

Sample 1 

Cone, (ppm) 

Sample 2 C o n e , 

(ppm) 

A v e r a g e Cone , (ppm) 

3 km eas t 415 390 402.5 

Oil R e f i n e r y 620 695 657.5 

3 km wes t 345 315 330 
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H y d r o c a r b o n s c o n c e n t r a t i o n s in Z w a r a s e a w a t e r 

Sample 1 Sample 2 Average Cone, (ppm) 

Loca t ion Cone, (ppm) Cone, ( ppm) 

3 km eas t 25 17.5 21.25 

3 km west 23 12.5 17.75 

A b o u - k a m m a s h 27.5 23 25.25 

chemica l complex 

H y d r o c a r b o n s c o n c e n t r a t i o n s in Z w a r a s ea s e d i m e n t s 

Sample 1 Sample 2 Ave rage Cone, (ppm) 

Loca t ion Cone, (ppm) Cone, ( p p m ) 

3 km east 215 290 252.5 

3 km west 320 370 345 

A b o u - k a m m a s h 440 490 465 

chemica l complex 
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APPENDIX (2) 

CONCENTRATIONS OF HYDROCARBONS IN 

THE SURFACE SEDIMENTS IN 

SOUTHAMPTON WATER 



A p p e n d i x (2) 

C o n c e n t r a t i o n s of H y d r o c a r b o n s in t h e s u r f a c e s e d i m e n t s in 

S o u t h a m p t o n W a t e r ( p p m ) 

Site Name Sample A Sample B Aiean Standard Difference 

Marchwood 291 279 285 6 

Dibden Bay 276 270 273 3.0 

Hythe Pier 263 223 243 2&28 

Hythe 341 359 350 9 

Bird Pile 668 678 673 5 

Lain's lake 1499 1481 1490 9 

Fawley North 1429 1395 1412 17 

Fawley Jetty 722 718 720 2 

Fawley South 1194 1246 1220 26 

Oil Jetty 669 611 640 29 

Calshot 261 269 265 4 

Beaulieu River 142 148 

. 

145 3 
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APPENDIX (3) 

TAR ABUNDANCE RATE ON SANDY BEACHES 



A p p e n d i x (3) 
T a r a b u n d a n c e r a t e on t h e s a n d y b e a c h e s 

Tar abundance for Misurata (Jannat Beach)- July 1999 

Distance from water 
edge(m) 

Tar quantity (Linel) 
(g/m )̂ 

Tar quantity 
(Line2)(g/m^) 

Tar quantity 
(Line3)(g/m^) 

Tar quantity 
(Line4)(g/m^) 

1 0 0 0 0 
2 0 0 0 0 
3 210 150 20 150 
4 70 30 40 85 
5 20 25 16 20 
6 10 15 15 15 
7 12 10 15 15 
8 7 0 10 10 
9 25 30 40 25 
10 10 25 15 6 
11 15 7 5 10 
12 20 13 15 16 
13 25 25 30 0 
14 0 0 0 0 
15 0 0 0 0 
16 0 0 0 0 
17 0 0 0 0 
18 0 0 0 0 
19 0 0 0 0 
20 0 0 0 0 
21 0 0 0 0 
22 0 0 0 0 
23 0 0 0 0 
24 0 0 0 0 
25 0 0 0 0 

Average (g/m^) 1327 
Total weight (g) 1327 

Average ball 
diameter (cm) 

6 

Average ball weight 

(g) 
20 

Distance of the 
nearest tar ball from 

water edge (m) 

3 

Distance of the 
furthest tar ball from 

water edge (m) 

13 

Range of tar balls 
distribution (m) | 

10 
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Tar abundance for Zliten (Soug Et-tlat beach)- July 1999 

Distance from water 
edge (m) 

Tar quantity (Linel) 
(g/m^) 

Tar quantity 
(Lme2)(g/m^) 

Tar quantity 
(Lines )(g/m^) 

Tar quantity 
(Liiie4)(g/m^) 

1 0 0 0 0 
2 0 0 0 0 
3 0 2 0 0 
4 5 0 5 3 
5 2 12 5 8 
6 10 5 0 0 
7 8 0 20 30 
8 5 1 3 8 
9 8 0 8 5 
10 20 7 18 13 
11 8 10 5 8 
12 5 10 12 10 
13 10 0 8 18 
14 13 0 8 0 
15 0 0 0 0 
16 0 0 0 0 
17 0 0 0 0 
18 0 0 0 0 
19 0 0 0 0 
20 0 0 0 0 

21 0 • 0 0 0 
22 0 0 0 0 
23 0 0 0 0 

24 0 0 0 0 
25 0 0 0 0 

Average (g/m^) 336 
Total weight (g) 336 

Average ball 
diameter (cm) 

5 

Average ball weight 

(K) 
15 

Distance of the 
nearest tar ball fi-om 

water edge (m) 
3 

Distance of the 
furthest tar ball from 

water edge (m) 
14 

Range of tar balls 
distribution (m) 

11 
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Tar abundance for Khoms (3 km west) - July 1999. 

Distance from water 
edge(m) 

Tar quantity (LineI) Tar quantity 
(Line2)(g/m^) 

Tar quantity 
(Line3)(g/m^) 

Tar quantity 
(Line4)(g/m^) 

1 0 0 0 0 
2 0 0 0 0 
3 210 150 20 150 
4 70 30 40 85 
5 20 25 16 20 
6 10 15 15 15 
7 12 10 15 15 

8 7 0 10 10 

9 25 30 44 25 
10 10 25 15 6 

11 15 7 15 10 
12 11 13 0 40 
13 20 13 15. 16 
14 25 25 30 25 

15 0 0 0 0 
16 0 0 0 0 

17 0 0 0 0 

18 0 0 0 0 
19 0 0 0 0 

20 0 0 0 0 
21 0 0 0 0 
22 0 0 0 0 

23 0 0 0 0 

24 0 0 0 0 

25 0 0 0 0 
Average (g/m^) 1430 
Total weight (g) 1430 

Average ball 
diameter (cm) 

5 

Average ball weight 

(g) 
16 

Distance of the 
nearest tar ball from 

water edge (m) 

3 

Distance of the 
furthest tar ball from 

water edge (m) 

14 

Range of tar balls 
distribution (m) | 

11 
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Tar abundance for Tajora (3 km east) - July 1999. 

Distance from water 
edge(m) 

Tar quantity (Line 1) 
(&b^ 

Tar quantity 
(Line2)(g/m^) 

Tar quantity 
(Line3)(g/m^) 

Tar quantity 
(Line4)(g/m-) 

1 0 0 0 0 
2 0 0 0 0 
3 0 2 0 0 
4 5 0 5 0 
5 2 12 5 8 
6 10 5 0 0 
7 8 0 0 20 
8 5 1 3 8 
9 8 0 8 5 
10 9 7 9 13 
11 8 10 5 8 
12 5 7 12 10 
13 0 0 ; 0 0 

14 0 0 0 0 
15 0 0 .0 0 
16 0 0 0 0 
17 0 0 0 0 

18 0 0 0 0 
19 0 0 0 0 
20 0 0 0 0 
21 0 0 0 0 

22 0 0 0 0 
23 0 0 0 0 
24 0 0 0 0 
25 0 0 0 0 

Average (g/m^) 223 
Total weight (g) 223 

Average ball 
diameter (cm) 

8 

Average ball weight 

(g) 
27 

Distance of the 
nearest tar ball from 

water edge (m) 
3 

Distance of the 
furthest tar ball from 

water edge (m) 
12 

Range of tar balls 
distribution (m) 

9 
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Tar abundance for Tripoli (Textile Factory) - July 1999. 

Distance from water 
edge(m) 

Tar quantity (Linel) Tar quantity 
(Line2)(g/m^) 

Tar quantity 
(Line3)(g/m-) 

Tar quantity 
(Line4)(g/m-) 

1 0 0 0 0 
2 0 0 0 0 
3 210 165 120 150 
4 170 130 140 185 
5 120 125 116 120 
6 10 15 15 15 
7 12 10 15 30 
8 14 13 20 10 
9 25 30 44 25 
10 10 25 15 6 
11 15 7 15 10 
12 11 13 0 40 
13 0 10 0 0 
14 0 7 0 23 
15 20 13 15 16 
16 25 25 30 25 
17 0 0 0 0 

18 0 0 0 0 
19 0 0 0 0 
20 0 0 0 0 
21 0 0 0 0 
22 0 0 0 0 
23 0 0 0 0 
24 0 0 0 0 
25 0 0 0 0 

Average (g/m") 24^6 
Total weight (g) 2445 

Average ball 
diameter (cm) 

2 

Average ball weight 
(g) 

8 

Distance of the 
nearest tar ball &om 

water edge (m) 

3 

Distance of the 
furthest tar ball from 

water edge (m) 

16 

Range of tar balls 
distribution (m) 

13 

167 



Tar abundance for Zawia - July 1999. 

Distance from water 
edge(m) 

Tar quantity (Linel) Tar quantity 
(Line2)(g/m^) 

Tar quantity 
(Line3)(g/m^) 

Tar quantity 
(Line4)(g/m^) 

1 42 23 25 36 
2 25 25 30 0 
3 210 150 20 150 
4 170 130 140 185 
5 20 25 . 16 20 
6 10 15 15 15 

7 12 13 15 15 

8 7 9 10 10 

9 25 30 40 25 
10 10 25 15 6 
11 15 7 5 10 

12 0 0 0 0 
13 0 0 5 14 
14 0 0 0 0 
15 0 0 0 0 
16 0 0 0 0 
17 0 0 0 0 

18 0 0 0 0 

19 0 0 0 0 

20 0 0 0 0 

21 0 0 0 0 

22 0 0 0 0 

23 0 0 0 0 

24 0 0 0 0 
25 0 0 0 0 

Average (g/m^) 1&40 
Total weight (g) 1840 

Average ball 
diameter (cm) 

4 

Average ball weight 

(g) 
10 

Distance of the 
nearest tar ball from 

water edge (m) 

1 

Distance of the 
furthest tar ball from 

water edge (m) 

13 

Range of tar balls 
distribution (m) 

12 
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Tar abundance for Zwara (3 km east) - July 1999. 

Distance from water 
edge(m) 

Tar quantity (Linel) Tar quantity 
(Line2)(g/m^) 

Tar quantity 
(Line3)(g/m^) 

Tar quantity 
(Line4)(g/m^) 

1 0 0 0 0 
2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 
5 2 12 0 8 
6 10 15 0 0 
7 8 0 0 20 

8 5 7 3 8 
9 8 0 8 5 
10 9 7 19 • 13 
11 8 10 5 18 

12 5 8 12 10 
13 0 0 7 0 
14 0 0 0 0 
15 17 0 23 0 
16 13 0 0 37 
17 0 0 0 0 
18 0 0 0 0 
19 0 0 0 0 
20 0 0 0 0 
21 0 0 0 0 
22 0 0 0 0 
23 0 0 0 0 
24 0 0 0 0 
25 0 0 0 0 

Average (g/m )̂ 140 
Total weight (g) 340 

Average ball 
diameter (cm) 

4 

Average ball weight 
W 

10 

Distance of the 
nearest tar ball from 

water edge (m) 
4 

Distance of the 
furthest tar ball from 

water edge (m) 
16 

Range of tar balls 
distribution (m) 

12 
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APPENDIX (4) 

TAR INCREMENT ON SANDY BEACHES 

(ONE-MONTH PERIOD) 

JULY-AUGUST 1999 



A p p e n d i x (4) 

T a r i n c r e m e n t on t h e s a n d y b e a c h e s ( o n e - m o n t h p e r i o d ) 

J u l y - A u g u s t 1999 (g m"") 

Site Line 1 
(8 m 

Line 2 

(8 

Line 3 Line 4 
(8 m 

Total 
Distance 

from water 
edge(m) 

Misurata 0 0 6 8 14 2 

Zliten 0 0 0 0 0 0 

Khoms 12 0 8 0 20 3 

Tajora 0 0 0 0 0 0 

Tripoli 4 3 0 0 7 2 

Zawia 9 8 0 0 17 3 

Zwara 4 0 0 0 4 3 
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APPENDIX (5) 

TAR ABUNDANCE ON LIBYAN ROCKY 

SHORES 



A p p e n d i x (5) 

T a r a b u n d a n c e on t h e L i b y a n r o c k y s h o r e s ( % c o v e r ) 

M i s u r a t a 

Q u a d r a t No. L i n e 1 L i n e 2 L i n e 3 Line 4 

1 32 55 64 43 

2 27 68 60 30 

3 19 17 32 25 

4 0 0 0 2 

A v e r a g e 29 .6 
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Z l i t e n 

Q u a d r a t No. L i n e 1 L i n e 2 L i n e 3 L i n e 4 

1 25 34 53 28 

2 16 11 1 1 10 

3 9 8 0 5 

4 0 8 0 2 

A v e r a g e 1 3 . 7 
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K h o m s 

Q u a d r a t No. L i n e 1 L i n e 2 L i n e 3 L i n e 4 

1 24 35 71 38 

2 27 32 54 30 

3 . 8 10 26 15 

4 2 0 0 9 

A v e r a g e 2 3 . 8 

173 



T a j o r a 

Q u a d r a t No . L i n e 1 L i n e 2 L i n e 3 L i n e 4 

1 21 38 48 17 

2 15 10 32 15 

3 0 6 9 4 

4 0 2 0 0 

A v e r a g e 13 .5 
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T r i p o l i 

Q u a d r a t No. Line 1 L i n e 2 L i n e 3 L i n e 4 

1 62 . 45 72 54 

2 38 43 69 44 

3 23 34 43 28 

4 8 26 3 15 

A v e r a g e 3 7 . 9 
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Z a w i a 

Q u a d r a t No. Line 1 L i n e 2 L i n e 3 L i n e 4 

1 36 45 67 53 

2 28 34 39 45 

3 12 28 25 34 

4 8 0 16 13 

A v e r a g e 3 0 . 1 
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Z w a r a 

Q u a d r a t No. L i n e 1 L i n e 2 L i n e 3 L i n e 4 

1 21 39 42 25 

2 16 18 24 18 

3 5 12 1 1 0 

4 3 0 0 0 

A v e r a g e 14 .6 
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APPENDIX (6) 

SPECIES ABUNDANCE ON LIBYAN ROCKY 

SHORES 



A p p e n d i x (6) 

S p e c i e s a b u n d a n c e on t h e L i b y a n r o c k y s h o r e s 

M i s u r a t a - (30 km e a s t ) 

Quadrat No. Melarhaphe 
neritoides 

Osilinus 
turbinatus 

Chthamalus sp. Patella 
sp. 

^Jgae 
(Vo cover) 

1 58 89 87 51 40 

2 43 65 54 35 65 

3 82 37 49 29 48 

4 74 56 23 38 64 

5 46 73 82 32 59 

6 69 64 89 56 48 

7 72 34 84 30 60 

8 46 85 35 31 41 

9 54 64 52 42 50 

10 76 73 85 36 65 

Average 62 64 64 38 54 

SD 14.30 18.01 24.28 &14 975 

178 



fWlsurata 

Quadrat No. Melarhaphe 
neritoides 

Osilinus 
turbinatus 

Chthamalus sp. Patella 
sp. 

Algae 
(% cover) 

1 29 0 24 0 28 

2 48 43 73 23 43 

3 39 52 76 18 37 

4 63 29 58 26 20 

5 32 48 42 15 24 

6 47 44 27 26 30 

7 37 30 60 0 30 

8 43 38 38 18 35 

9 52 43 35 30 28 

10 40 33 67 24 25 

Average 43 36 50 18 30 

SD 10 14.74 19 13 10.48 6 7 6 
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Z l i t c n 

Quadrat No. Melarhaphe 
neritoides 

Osilinus 
turbinatus 

Chthamalus sp. Patella 
sp. 

Algae 
(% cover) 

1 65 78 84 46 42 

2 87 86 73 37 49 

3 23 17 28 18 38 

4 76 72 83 32 35 

5 36 69 78 38 56 

6 85 68 98 27 38 

7 49 65 43 36 45 

8 67 48 89 39 35 

9 60 78 86 27 55 

10 72 69 78 30 37 

Average 62 65 74 33 43 

SD 20.69 19.61 21.69 7.90 7.94 
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Khoms 

Quadrat No. Melarhaphe 
neritoides 

Osilinus 
turbinatus 

Chthamalus sp. Patella 
sp. 

Algae 
(% cover) 

1 28 24 74 25 36 

2 52 67 74 29 38 

3 59 43 69 15 42 

4 57 48 84 34 46 

5 49 72 87 13 25 

6 79 76 68 28 35 

7 52 53 60 35 40 

8 62 65 73 21 45 

9 48 60 87 30 38 

10 54 42 84 10 25 

Average 54 55 76 24 37 

SD 12.77 16.07 &16 8 85 7.25 
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T r i p o l i 

Quadrat No. Melarhaphe 
neritoides 

Osilinus 
turbinatus 

Chthamalus sp. Patella 
sp. 

Algae 
(% cover) 

1 31 0 32 0 28 

2 34 32 37 25 36 

3 39 39 29 27 42 

4 26 24 12 13 25 

5 21 29 5 0 15 

6 41 26 23 19 22 

7 32 19 26 12 32 

8 37 35 16 6 25 

9 14 21 19 23 25 

10 45 25 31 15 30 

Average 32 25 23 14 28 

SD 9.48 1Cr74 9.97 9 7 6 7.54 
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Z a w i a 

Quadrat No. Melarhaphe 
neritoides 

Osilinus 
turbinatus 

Chthamalus sp. Patella 
sp. 

Algae 
(% cover) 

1 34 30 . 25 32 58 

2 0 9 0 19 25 

3 36 32 33 12 25 

4 48 34 14 6 40 

5 32 42 71 19 10 

6 42 27 67 8 10 

7 23 22 30 23 25 

8 45 32 48 22 22 

9 35 26 40 15 30 

10 25 36 22 4 35 

Average 32 29 35 16 28 

SD 13.77 8.96 22.30 8.71 14J7 

is: 


