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ABSTRACT 

An i n v e s t i g a t i o n was c a r r i e d out on the p o t e n t i a l s u i t a b i l i t y of 

s e l e c t e d marine i n v e r t e b r a t e s , e s p e c i a l l y the e c h i n o i d s A r b a c i a l i x u l a 

and Pa r a c e n t r o t u s 1i v i d u s and the gast ropod P a t e l l a c o e r u l e a as 

i n d i c a t o r s of the abundance of some Heavy Meta ls in the c o a s t a l Medi ter ranean 

env i ronment , w i t h p a r t i c u l a r emphasis on t h e i r use in l a r g e s c a l e moni tor ing 

w i t h the c o l l a b o r a t i o n of u n s k i l l e d p e r s o n n e l . Samples were c o l l e c t e d 

from 32 i n d i v i d u a l l y d e s c r i b e d s i t e s around the T y r r h e n i a n B a s i n , and 

a n a l y z e d fo r Heavy Metal c o n t e n t . A Microwave d i g e s t i o n techn ique was 

exper imented w i t h , but found u n s u i t a b l e . The a n a l y t i c a l r e s u l t s a r e 

p l o t t e d , compared w i th o t h e r v a l u e s appear ing in the l i t e r a t u r e , and 

s u b j e c t e d to s t a t i s t i c a l c o r r e l a t i o n a n a l y s i s w i th the d e s c r i b e d envi ronmenta l 

and demographic data c o l l e c t e d throughout the s u r v e y . No s t a t i s t i c a l l y 

¥nci"conceptua l T y — s i gnTf i cant correTaTiori - rs"fdund"b~etweeri"Heavy Me'ta 1 

content and any of the envi ronmenta l v a r i a b l e s , though some s i g n i f i c a n t 

i n t e r m e t a 1 1 i c c o r r e l a t i o n s a r e found and d i s c u s s e d . A s i g n i f i c a n t 

c o r r e l a t i o n between a d e s c r i b e d composite f a u n o - f l o r i s t i c index and 

env i ronmenta l and demographic v a r i a b l e s i s found and i t s i m p l i c a t i o n s 

towards an a l t e r n a t i v e moni tor ing techn ique a r e d i s c u s s e d . 
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Reasons f o r i n t e r e s t in heavy meta ls 

I t was Samuel B u t l e r who c la imed that a l l p r o g r e s s i s based upon 

the u n i v e r s a l , i nna te d e s i r e on the par t of e v e r y organism to l i v e beyond 

i t s means. I f s o , i t could be that the time has come fo r i n d u s t r i a l 

man to a s k h i m s e l f whether or not he w i l l be a b l e to a f f o r d to pay the 

b i l l of p r o g r e s s once i t i s p r e s e n t e d . 

L i t t l e doubt remains that man's p r e s s u r e on h i s environments has 

reached c r i t i c a l p r o p o r t i o n s in a number of a r e a s , but our a b i l i t y in 

measur ing t h i s p r e s s u r e , e v a l u a t i n g i t s impact , and p r e d i c t i n g i t s 

e f f e c t s i s s t i l l f a r from s a t i s f a c t o r y . 

P o s s i b l y due to the g r e a t e r time lag between cause and apparent 

e f f e c t , the degrada t ion of the marine environment has come to the p u b l i c 

a t t e n t i o n r e l a t i v e l y l a t e r than that of i t s t e r r e s t i a l c o u n t e r p a r t , and 

even then mainly due to such h i g h l y p u b l i c i z e d d i s a s t e r s such a s the 

Minamata mercury p o i s o n i n g s , n e v e r t h e l e s s , t h i s l a t e e n t r y has not 

d i m i n i s h e d the s e r i o u s n e s s of the phenomenon ( 1 ) . The debate i s s t i l l 

open whether or not l i f e in the sea as an e n t i t y i s a c t u a l l y under 

di rect t h r e a t , but enough-examples -hav.e._shown_beyond_reasonabJ.e- doubt 

t h a t " local ized envi ronmenta l i n s u i t s , a c u t e or c h r o n i c , can have s e r i o u s 

to d i s a s t r o u s e f f e c t s both on the exposed marine communities and to the 

human communities d i r e c t l y or i n d i r e c t l y dependent on them. 

A s p e c i a l p l a c e in the lengthy c a t a l o g u e of hazardous s u b s t a n c e s 

i n d u s t r i a l s o c i e t i e s a r e pour ing in to the environment a t an i n c r e a s i n g 

r a t e belongs to a s s o r t e d t o x i c heavy m e t a l s , both as s a l t s and i n t h e i r 

m e t a l l i c forms. Found in i n d u s t r i a l w a s t e , in waste t i p l e a c h a t e , and 

i n mine waste ( 2 ) , they a r e not a s v i s i b l y o f f e n s i v e a s raw sewage, 

s o l i d w a s t e , or s p i l l e d hydrocarbons , and a r e t h e r e f o r e l e s s l i k e l y 

to be spot ted or made the ta rge t fo r p u b l i c o u t c r y before t h e i r e f f e c t s 

become a p p a r e n t . They a r e , however, t o x i c in f a i r l y smal l q u a n t i t i e s , 
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u s u a l l y c u m u l a t i v e , and h i g h l y p e r s i s t e n t ( 3 , 4 , 5 , 6 ) . They a r e prone to 

b i o l o g i c a l c y c l i n g and enrichment which may g r e a t l y a l t e r t h e i r d i s ­

t r i b u t i o n and t o x i c i t y ( 5 , 7 , 8 , 9 ) . they a c t most ly as m e t a b o l i c po isons 

- o f t e n e s s e n t i a l a t t r a c e l e v e l s - and p r e s e n t a h i g h l y complex 

t o x i c o l o g y , i n v o l v i n g a s i t does an assor tment of s u b l e t h a l e f f e c t s , 

p o s i t i v e and n e g a t i v e synerg isms between e l e m e n t s , and d i f f e r e n t p a t t e r n s 

of a b s o r p t i o n - and hence b iochemica l a c t i v i t y - a c c o r d i n g to the 

chemical s p e c i e s in which they a r e p r e s e n t ( 5 , 1 0 , 1 1 , 1 2 , 1 3 . 1 4 , 1 5 , 1 6 ) . 

To t h i s we may add the d i f f i c u l t y of t h e i r d e t e c t i o n i n the env i ronment , 

r e q u i r i n g a c c u r a t e measurements of ve ry smal l q u a n t i t i e s of the m e t a l , 

u s u a l l y p resen t as an o r g a n o m e t a 1 1 i c complex, whose d e t e c t a b i 1 i t y might 

va ry w i th sur round ing c o n d i t i o n s such a s l o c a l i o n i c ba lance and 

a d s o r p t i o n on nearby s u r f a c e s ( 1 7 , 1 8 , 1 9 , 2 0 ) . 

The t o x i c o l o g y of heavy meta ls has been s t u d i e d and t r e a t e d f a i r l y 

e x t e n s i v e l y from the c l i n i c a l and b iochemica l a s p e c t . C o n s i d e r a b l y l e s s 

seems to be known o f t h e i r behaviour in the environment before t h e i r 

c l i n i c a l symptoms become apparent in an i n s u l t e d o rgan ism. 

There has been , t h e r e f o r e , a c e r t a i n degree of p r e s s u r e for 

deve lop ing methodologies which a 1 Iow Fhe - p r e s e n c e o f - h e a v y meta ls in 

the environment to be measured a t s u b l e t h a l l e v e l s , and an e a r l y warning 

to be g iven i f these seem to point out i n c r e a s e s which might be 

incompat ib le w i t h envi ronmenta l and human h e a l t h . 

One path towards t h i s goal which has been abundant ly fo l lowed has 

been that of u s i n g s p e c i f i c o r g a n i s m s , termed a c c u m u l a t o r s , w h i c h , by 

absorb ing and accumula t ing p o l l u t a n t s in measurable q u a n t i t i e s , can be 

used fo r moni tor ing t h e i r l e v e l s in the env i ronment , l e v e l s which may 

themselves be unmeasurable o r measurable o n l y w i t h d i f f i c u l t y ( 2 1 , 2 2 , 2 3 ) . 

Another i s tha t in which s i m i l a r l y s e n s i t i v e organisms a r e used a s 

i n d i c a t o r s , not so much by measuring t h e i r p o l l u t a n t c o n t e n t , but by 
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measuring the manner in which they reac t p h y s i o l o g i c a l l y , b e h a v i o u r a l l y , 

and through the s t r u c t u r e of the communities of which they a r e p a r t , to 

v a r y i n g l e v e l s of p o l l u t a n t s in t h e i r environment ( 2 4 , 2 5 , 2 6 , 2 7 , 2 8 , 2 9 , 

3 0 , 3 1 , 3 2 , 3 3 , 3 4 ) . 

A combinat ion of these two approaches has been used in the pas t by 

workers in the U n i v e r s i t y of Durham and e l s e w h e r e in deve lop ing a 

methodology by which the ke lp f o r e s t and i t s a s s o c i a t e d communities can 

and has been used f o r the measurement of p o l l u t i o n l e v e l s in i n s h o r e 

w a t e r s . The work of Bel lamy et a l ( 2 8 , 2 9 , 3 0 , 3 1 ) , Jones (35 ,32 ,33 ,34) 

and Moore (36) has led up to the use for t h i s purpose of the community 

s t r u c t u r e of the hapteron ec to fauna of the ke lp Laminar ia hyperborea , 

subsequent ly i n v e s t i g a t e d in depth by Sheppard ( 3 7 ) . 

The u s e of a uni form sampling u n i t such as the h o l d f a s t ec to fauna 

of a s i ngle i nd i vi dua1 of Lami na ri a hyperborea , a u n i t e a s i 1 y c o l l e c t e d 

by a SCUBA d i v e r not o t h e r w i s e t r a i n e d in s c i e n t i f i c t e c h n i q u e s , opens 

c o n s i d e r a b l e p o s s i b i l i t i e s f o r l a rge s c a l e s u r v e y s based on the c o l l a b ­

o r a t i o n between amateur d i v e r s d i s t r i b u t e d over a c o n s i d e r a b l e a r e a 

and a c e n t r a l i z e d l a b o r a t o r y for a n a l y s i s and data e v a l u a t i o n . The 

c o n c r e t e n e s s of these p o s s i b i l i t i e s was demons-t-ra-t-ed-by—Be-l-l-amy —(-38) } 

when a study based on the s imul taneous c o l l e c t i o n of ke lp h o l d f a s t s 

a long the b e t t e r p a r t of B r i t a i n ' s c o a s t l i n e was c a r r i e d out w i t h the 

a s s i s t a n c e of the B r i t i s h Sub-Aqua C l u b , and conf i rmed in the r e c e n t l y 

completed Underwater C o n s e r v a t i o n Y e a r , where the u s e f u l n e s s of amateur 

d i v e r s for the coord ina ted c o l l e c t i o n of data and o b s e r v a t i o n s fo r 

u n i v e r s i t i e s and r e s e a r c h e s t a b l i s h m e n t s on a v a r i e t y of s u b j e c t s has 

been abundant ly v i n d i c a t e d . 

T h i s s tudy was undertaken as an attempt to i n v e s t i g a t e the 

p o s s i b i l i t y of t r a n s f e r r i n g t h i s c o n c e p t , v i z . the use of a techn ique 

aimed at the moni tor ing of heavy metal l e v e l s in the i n s h o r e marine 
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e n v i r o n m e n t , t h r o u g h t h e use o f i n d i c a t o r o r g a n i s m s commonly found and 

eas i 1y c o 1 1 e c t e d i n v i ew o f e n l i s t i n g t h e he 1p o f ama teu r d i v e r s f o r 

i t s w i d e s p r e a d u s e , t o t he M e d i t e r r a n e a n e n v i r o n m e n t . 
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R e a s o n f o r M e d i t e r r a n e a n S t u d y 

The M e d i t e r r a n e a n b a s i n , e s s e n t i a l l y a c l o s e d s y s t e m w i t h o n l y a 

s l o w a n d l i m i t e d e x c h a n g e o f w a t e r w i t h t h e A t l a n t i c O c e a n , a n d a t 

t h e same t i m e t h e s i n k o f a g o o d p o r t i o n o f E u r o p e ' s w a s t e s a s w e l l 

a s a n o b l i g a t e w a t e r w a y f o r a s i z e a b l e a l b e i t d e c r e a s i n g s e c t i o n o f 

t h e w o r l d ' s o i l t r a f f i c , i s a l m o s t o b v i o u s l y v u l n e r a b l e t o m a n - c a u s e d 

c o n t a m i n a t i o n . U n t i l r e c e n t l y , h o w e v e r , v e r y l i t t l e w o r k h a d b e e n 

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

p o l l u t i o n was c o n c e r n e d i n v i e w o f i t s p a t h o l o g i c a l a n d e p i d e m o l o g i c a 1 

h a z a r d s ( 3 9 , ^ 0 , ^ 1 ) . By t h e m i d - 1 9 7 0 ' s t h e b a s i n ' s s t a t e o f c h r o n i c 

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

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

o u t o r a r e i n p r o g r e s s (k2 ,k3) . A r o u n d t h e same t i m e w o r k s s t a r t e d 

Lu d j j j j e d i i c y a i u i ny i i c d v y i neLd l p o l l u t i o n i n v d i i u u s M e d i t e r r a n e a n 

a r e a s a n d i t s m o n i t o r i n g (kk,k5,kS). The i m p o r t a n c e o f t h i s p r o b l e m 

h a s by now b e e n f u l l y a c c e p t e d , a n d t h e r e c e n t l y p r e s e n t e d U . N . E . P . 

M e d i t e r r a n e a n A c t i o n P l a n (k7,kS,k3) i n c l u d e s a n e x t e n s i v e m o n i t o r i n g 

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

i n d i c a t o r o r g a n i s m s , t h e s t r i p e d m u l l e t (Mu1 I u s ba r b a t u s L i n n . ) , t h e 

m e d i t e r r a n e a n m u s s e l ( M y t i l u s q a 1 i o p r o v i n c i a 1 i s L a m a r k ) a n d t h e b l u e f i n 

t u n a ( T h u n n t s t h y n n u s T h y n n u s L i n n . ) ( 5 0 , 5 1 ) . 

A t p r e s e n t , h o w e v e r , t h e a v a i l a b l e h e a v y m e t a l s t u d i e s t e n d t o 

c o n c e n t r a t e on e s t i m a t e d p o l l u t i o n l o a d s ( 3 9 ) o r m e t a l s f o u n d i n s e a w a t e r 

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

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

i n t h e e a r l y 1 9 7 0 ' s due t o i t s p u b l i c r e p u t a t i o n a s a n e n v i r o n m e n t a l 

p o i s o n . 

T h e d i r e c t M e d i t e r r a n e a n e q u i v a l e n t o f t h e k e l p f o r e s t w o u l d h a v e 

b e e n t h e p r a i r i e s o f sea g r a s s e s , P o s i d o n i a o c e a n i c a a n d Z o s t e r a s p . , b u t 
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u n f o r t u n a t e l y t h e i r t h i c k c o n t i n u o u s r h y z o m e m a t s , o f f e r i n g s h e l t e r 

n o t o n l y tc: a s s o r t e d e c t o p h y t e s a n d e c t o z o o i d s , b u t a l s o a c c u m u l a t i n g 

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

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

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

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

o n t h e o t h e r h a n d , c a n f o r t h e p u r p o s e s o f t h i s s t u d y be c o n s i d e r e d 

a b s e n t f r o m t h e M e d i t e r r a n e a n , a s i n t h e s e w a t e r s t h e L a m i n a r i a c e a e h a v e 

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

r e a c h o f t h e v a s t m a j o r i t y o f a m a t e u r d i v e r s ( 5 2 , 5 3 , 5 ^ , 5 5 ) . 

I t i s f o r t h i s r e a s o n t h a t i t was d e c i d e d t o c o n c e n t r a t e t h i s 

s t u d y ' s e f f o r t s t o w a r d s t h e u s e o f a d i r e c t c h e m i c a l a n a l y s i s o f o n e 

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

A t t h e b e g i n n i n g o f t h i s s t u d y , e v e n t h o u g h a n u m b e r o f w o r k s h a d 

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

a s b a s e l i n e s t u d i e s ( 5 6 , 5 7 , 5 8 ) a n d a s p o s s i b l e p o l l u t i o n i n d i c a t o r s 

( 5 9 , 6 0 , 6 1 , 6 2 , 6 3 , 6 ^ ) , a l m o s t no d a t a was a v a i l a b l e o n t h e d i s t r i b u t i o n 

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

s u c h . R e n z o n i , S a c c i a n d F a l c i o i ( ' I ' S ) had m e a s u r e d m e r c u r y l e v e l s i n a 

n u m b e r o f c p f - i o s a lnnn rhr> T u s c a n rn.T-.t, I b r a g i n a n d P a t i n 1 kb) h a d 

s t u d i e d t h e e f f e c t o f h e a v y m e t a l c o n t a m i n a t i o n o n p h y t o p l a n k t o n 

c o m m u n i t i e s , a n d M a j o r i a n d P e t r o n i o ( 2 2 ) s t u d i e d t h e a c c u m u l a t i o n 

i n v i t r o o f h e a v y m e t a l s i n m u s s e l s . M o r e s i g n i f i c a n t l y f o r t h i s w o r k ' s 

p u r p o s e , N a v r o t (kS) m e a s u r e d h e a v y m e t a l a b s o r p t i o n i n P a t e l l a v u 1 g a t a 

a l o n g t h e I s r a e l i c o a s t , a n d a p i l o t s t u d y by S h e p p a r d a n d B e l l a m y ( 6 5 ) 

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

t h e t o t a l h e a v y m e t a l c o n t e n t o f t h e e c h i n o i d s A r b a c i a 1 i x u 1 a a n d 

P a r a c e n t r o t u s l i v i d u s , t h e same s p e c i e s t o g e t h e r w i t h o t h e r e c h i n o d e r m s 

b e i n g u s e d by P a p a d o p o l o u ( 6 6 ) t o m e a s u r e t r a c e a n d u l t r a t r a c e e l e m e n t s 

i n t h e S a r o n i k o s g u l f . 
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Sea u r c h i n s a r e j u s t a b o u t t h e m o s t o b v i o u s l y common a n d e a s i l y 

r e c o g n i z e a b l e o r g a n i s m s a l o n g t h e M e d i t e r r a n e a n c o a s t ; w e r e t h e y s u i t a b l e 

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

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

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

The o r i g i n a l s c o p e o f t h i s s t u d y , t h e r e f o r e , c a n be summed u p a s 

f o l l o w s : 

F i r s t : t o i n v e s t i g a t e t h e s u i t a b i 1 i t y o f c e r t a i n i n v e r t e b r a t e s , 

i n p a r t i c u l a r t h e e c h i n o i d s A r b a c i a 1i x u 1 a a n d Pa r a c e n t r o t u s 1i v i d u s 

a n d t h e g a s t r o p o d P a t e l l a c o e r u l e a , a s h e a v y m e t a l a c c u m u l a t o r s a n d 

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

S e c o n d : t o i n v e s t i g a t e t h e i r s u i t a b i l i t y t o w a r d s a l a r g e s c a l e , 

r o u t i n e m o n i t o r i n g s y s t e m i n v o l v i n g t h e u s e o f u n s k i l l e d p e r s o n n e l 

f o r t h e s a m p l i n g a n d p r e p a r a t i o n p h a s e . 

T h i r d : t o i n v e s t i g a t e a n a p p a r e n t l y r a p i d m e t h o d o f s a m p l e 

p r e p a r a t i o n w h i c h had r e c e n t l y a p p e a r e d i n t h e l i t e r a t u r e ( 6 7 ) . T h i s 

m e t h o d , d e s c r i b e d b e l o w , a p p e a r e d t o be i d e a l f o r u s e i n s u c h a n e x t e n s i v e 

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

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

I d e a l l y , a r a n d o m c h o i c e o f s i t e s c o v e r i n g a v a r i e d s e c t i o n o f 

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

s u r p r i s i n g l y a c o m p r o m i s e h a d t o be r e a c h e d . S a m p l i n g s i t e s h a d t o 

p r e s e n t r e a s o n a b l y e a s y a c c e s s , t h e n u m b e r o f s a m p l e s t o be s u b s e q u e n t l y 

a n a l y s e d had t o be k e p t t o a r e a s o n a b l e n u m b e r , t i m e a n d m a n p o w e r l i m i t a t i o n s 

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

o f t h u m b , t h e o r i g i n a l p l a n t o s a m p l e t h e T y r r h e n i a n B a s i n w i t h s t a t i o n s a t 

a b o u t 100km i n t e r v a l s was by a n d l a r g e a d h e r e d t o . F i g u r e 1 a n d t a b l e 1 

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

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

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

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

a b o v e t h e s u r f a c e , o n t h e o t h e r h a n d , 3 c o n s c i o u s e f f o r t was mad? t o 

a v o i d a s f a r a s p o s s i b l e d i r e c t i n d u s t r i a l o u t l e t s a n d s i t e s w h i c h 

m i g h t h a v e shown a h i g h l y u n c h a r a c t e r i s t i c l o c a l c o n c e n t r a t i o n o f 

p o l l u t a n t s . I t may be a d d e d t h a t by e a s e o f a c c e s s l a n d a c c e s s i s 

m e a n t , e x c e p t f o r s i t e s 2 ( S e c c h e d e l l a M e l o r i a ) , 16 ( L i p a r i l ) a n d 

18 ( F i l i c u d i ) w h e r e a b o a t was b o t h n e c e s s a r y a n d a v a i l a b l e . A h i g h e r 

f r e q u e n c y o f s a m p l i n g was c a r r i e d o u t i n t h e C a s t e l l a b a t e r e g i o n , t o 

a l l o w f o r a n y e v e n t u a l c o m p a r i s o n s w i t h p r e v i o u s w o r k e r s ( 6 5 ) . 

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

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

s u m m a r i z e d i n t a b l e s 2 t o 7 . 

T a b l e 2 r e f e r s t o t h e p h y s i c a l a s p e c t s o f t h e c o a s t a t t h e 

s a m p l i n g s i t e , t a b l e 3 t o t h e v i s i b l e human i m p a c t u p o n i t , w h i l e t a b l e 

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

s u m m a r i z e d i n t h e 1973 TECNECO r e p o r t ( 3 9 ) . T a b l e s 5 a n d 6 s u m m a r i z e t h e 

g e n e r a l n a t u r e o f t h e sea b o t t o m a n d o f t h e s a m p l e d e c h i n o i d c o m m u n i t i e s 
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L i s t o f s i t e s and s p e c i e s t h e r e c o l l e c t e d T a b l e 1 

l/l 
n T3 ns 

> 
• — f'J '/> ig 
'— (1) '/< 

TO 1 — L. 1/1 

•— a 0 
3 3 L. 0) 4-' • X 4J 01 •a o 

1— 0 0 T3 
— L_ u •St a> 

C ~, a. • u <S1 
. — •— • c 3 
U u •— • M *— 

<u (Ti V) >u 1— . — 

L. 4J le­ 4-1 
u ID ro 0) ft) > < a. QL > h 

1 P o r t o Venere X X X 
2 Secche d e l ' a M e l o r i a X X 
3 Que rc i ane1 la X 
4 S a 1 i v o 1 i X X 
5 Ta1amone X X 
6 Ansedon i a X X 
7 Anz i o x 
8 Anz i o f i s h ma r k e t X X 
9 S o r r e n t o Mar ina P i c c o l a X X X 

10 S o r r e n t o f i s h marke t X 
1 1 Massa Lubrense X X X 
i n 
1 Z A g r o p o 1 i V 

A 
V v 

13 Punta T r e s i no X X X 
14 Punta I n f e r n o X X X 
15 0 g 1 i a s t ro Ma r i na X X X 
16 L i pa r i 1 X X 
17 L i pa r i I I X X X 
18 Fi 1 i c u d i X X X 
19 Punta Ra i s i X X 

Cd pO I d 1 O O l Id 1 d A A 

21 Me 1 i senda X X 
1 2"> / t l U U L U A Y Y X 

23 Fu i 1 e e Ma re X X 
24 Gol f o A r a n c i X X 
25 S . Teresa d i Ga1 lu ra X X X 
26 Mess i na 
27 An t i bes 
28 Ma rse i 1 ' e s - Co r t i ou X 
29 M a r s e i l l e s - Mongenet X X 
30 Ma l ta - F o r t S t . L u c i a n X X 
31 M a l t a - P a r a d i s e Bay X X X 
32 M a l t a - Wied i z Z u r r i e g X X 
33 Cyprus - A k r o t i r i X 
34 Ma 1 ta - Unspec i f i ed X 
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C o a s t C h a r a c t e r i s t i c s T a b l e 

S I T E Si t e numbe r 

EXPOSURE D e g r e e o f e x p o s u r e o f c o a s t t r a c t 

ACCESS Ease o f a c c e s s o f s i t e f r o m 1 a n d 

FRESHW A r e t h e r e f r e s h w a t e r o u t l e t s i n t h e v i c i n i t y ? 

COASTNAT B a s i c n a t u r e o f c o a s t a I w a t e r 1 i ne 

PHIS IOG B a s i c p h y s i o g r a p h y o f c o a s t 

S I T E EXPOSURE ACCESS FRESHW COASTNAT PHYSIOG 

1 SHELTERED EASY NO MAINLY SAND SLOPING 
2 V . EXPOSED V . D I F F . NO MIXED FLAT 

3 EXPOSED EASY NO MIXED SLOPING 
k SHELTERED EASY NO MIXED SLOPING 
5 EXPOSED EASY NO MAINLY SAND C L I F F S 
6 EXPOSED D1 F F . YES MIXED C L I F F S 
7 EXPOSED EASY NO MAINLY KUOK hLAT 

3 SHELTERED EASY NO MIXED C L I F F S 
11 SHELTERED EASY NO MAINLY SAND C L I F F S 
12 SHELTERED EASY YES MAINLY SAND C L I F F S 

13 SHELTERED Dl F F . NO MAINLY SAND C L I F F S 
\k EXPOSED EASY NO MIXED SLOPING 
15 EXPOSED EASY YES MIXED SLOPING 
16 EXPOSED V . D I F F . NO MAINLY SAND C L I F F S 
17 EXPOSED EASY NO MAINLY SAND C L I F F S 
i o ii r \ i r r K i n MA INLY SAND C L I F F S 1 O v . u f i r . Iro MA INLY SAND C L I F F S 
19 EXPOSED EASY NO MIXED FLAT 
° 0 EXPOSED D! F F , wn Ml XFn SLOPING 
21 V.EXPOSED V . D I F F . NO MAINLY SAND SLOPING 
22 EXPOSED EASY YES MIXED C L I F F S 

23 EXPOSED V . D I F F . YES MAINLY ROCK FLAT 
2k SHELTERED Dl F F . NO Ml XED SLOPING 

25 EXPOSED EASY NO Ml XED SLOPING 
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Key t o t a b l e 3 

HARBOUR A r e t h e r e h a r b o u r s i n t h e v i c i n i t y ? 

FISHPORT A r e t h e r e f i s h i n g h a r b o u r s i n t h e v i c i n i t y ? 

OILTERM A r e t h e r e o i l t e r m i n a l s o r r e f i n e r i e s i n t h e v i c i n i t y ? 

INDEV A r e t h e r e i n d u s t r i a l d e v e l o p m e n t s i n t h e v i c i n i t y ? 

INURB How much o f t h e c o a s t h a s b e e n b u i l t u p ? 

QUARRY A r e t h e r e q u a r r i e s i n t h e v i c i n i t y w i t h w a s t e d i s p o s a l 
a t s e a ? 

SEWAGE A r e t h e r e s i g n i f i c a n t u r b a n s e w a g e d i s c h a r g e s i n t h e 
v i c i n i t y ? 

WASTE A r e t h e r e s i g n i f i c a n t d i s c h a r g e s o f i n d u s t r i a l w a s t e s 
i n t h e v i c i n i t y ? 



Huinan impact o n t o C o a s t , by v i s u a l i n s p e c t i o n 

SITE HARBOUR FlSHPORT 01LTERM 1 NDEV INURB QUARRY SEWAGE WASTE 

1 PRESENT PRESENT - ABUNDANT > 2 / 3 N.A. N.A. PRESENT 
2 PRESENT - - ABUNDANT > 2 / 3 - - PRESENT 
3 - - PRESENT - < l / 3 - - -
k PRESENT PRESENT - ABUNDANT > 2 / 3 PRESENT PRESENT PRESENT 
5 - PRESENT - - > l / 3 < 2 / 3 - - -
6 - - - - < l / 3 - PRESENT -
7 - PRESENT PRESENT - < l / 3 PRESENT PRESENT _ 
9 PRESENT PRESENT PRESENT - > 2 / 3 - PRESENT • -

11 - - - - > l / 3 < 2 / 3 - PRESENT -
12 - PRESENT - - > 2 / 3 PRESENT PRESENT -
13 - - - < l / 3 - - -
)k - PRESENT - - > 2 / 3 - PRESENT -
15 - - - - > l / 3 < 2 / 3 - - -
16 - - - < l / 3 - - -
17 - PRESENT - > l / 3 < 2 / 3 - - -
18 - - - - < l / 3 - - -
19 - PRESENT PRESENT PRESENT < l / 3 - - PRESENT 
20 - - - - > 2 / 3 PRESENT - -
21 - - - - < l / 3 - -
22 PRESENT PRESENT PRESENT PRESENT > 2 / 3 PRESENT - PRESENT 
23 - - - - < l / 3 - - -
2k PRESENT PRESENT PRESENT PRESENT < l / 3 - PRESENT PRESENT 
25 - PRESENT PRESENT PRESENT < ! / 3 - - - H 

01 
3" 

B 
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T a b l e k 

TECNECO d e m o g r a p h i c i n f o r m a t i o n ( T e c n e c o 1973) (39) 

POP P o p u l a t i o n i n i n h a b i t a n t s p e r s q u a r e k i l o m e t e r 

ESTPOLL E s t i m a t e d p o l l u t i o n l o a d i n e q u i v a l e n t i n h a b i t a n t s p e r 
s q u a r e k i l o m e t e r 

INLEV T e c n e c o I n d u s t r i a l i z a t i o n i n d e x : 

5 Commune w i t h o v e r 100 i n h a b i t a n t s p e r s q u a r e k i l o m e t e r , 
o v e r 1000 e m p l o y e d i n i n d u s t r y , a n d w i t h a n a v e r a g e o f 
o v e r 10 e m p l o y e e s p e r i n d u s t r y . 

k As a b o v e , b u t w i t h a n a v e r a g e o f l e s s t h a n 10 e m p l o y e e s 
p e r i n d u s t r y . 

3 S u r r o u n d i n g Comuni , n o t q u a l i f y i n g u n d e r (5) o r ( k ) , 
b u t w i t h o v e r 15% o f t h e p o p u l a t i o n e m p l o y e d i n i n d u s t r y . 

2 As ( 3 ) , b u t w i t h b e t w e e n 10 a n d 15% o f 1 t h e p o p u l a t i o n 
e m p l o y e d i n i n d u s t r y . 

1 N o t q u a l i f y i n g u n d e r a n y o f t h e a b o v e . 

S I T E POP ESTPOLL INLEV 

1 > 1 0 0 0 5 0 1 - 1 0 0 0 5 
2 > 1 0 0 0 5 0 1 - 1 0 0 0 5 
3 151 -250 501-1000 5 
k 2 5 1 - 3 5 0 5 0 1 - 1 0 0 0 5 
5 5 1 - 1 5 0 < 2 0 0 1 
6 51-150 <200 i 
7 5 0 1 - 7 5 0 > 2 5 0 0 

9 > 1 0 0 0 >2500 i 
11 >1000 12500 1 
12 251-350 2 0 1 - 5 0 0 1 
13 51-150 2 0 1 - 5 0 0 1 
\k 51-150 2 0 1 - 5 0 0 ! 

15 51-150 2 0 1 - 5 0 0 1 
16 5 1 - 1 5 0 < 2 0 0 1 
17 51-150 < 2 0 0 1 
18 51-150 < 2 0 0 1 

19 3 5 1 - 5 0 0 2 0 1 - 5 0 0 1 

20 >50 < 2 0 0 1 
71 >50 <200 1 

22 1 5 1 - 2 5 0 < 2 0 0 

23 >50 < 2 0 0 ! 
2k 5 1 - 1 5 0 < 2 0 0 1 

25 >50 <200 1 



N a t u r e o f b o t t o m , by v i sua 1 i n s p e c t i o n 

S ITE CONCRETE ROCK SAND MUD PEBBLE POSIDONIA 

1 - PRESENT - AI3UNDANT - _ 

2 - - PRESENT - - ABUNDANT 
3 - ABUNDANT - - PRESENT -
if PRESENT PRESENT ABUNDANT - - -
5 - ABUNDANT - - PRESENT -
6 - ABUNDANT ABUNDANT - PRESENT -
7 PRESENT ABUNDANT ABUNDANT - - -
9 PRESENT ABUNDANT ABUNDANT - - -

11 ABUNDANT ABUNDANT ABUNDANT - - PRESENT 
12 - ABUNDANT ABUNDANT - - -
13 - ABUNDANT ABUNDANT - - ABUNDANT 
]k PRESENT ABUNDANT PRESENT - - -
15 - ABUNDANT ABUNDANT - - ABUNDANT 
16 - ABUNDANT - - - _ 

17 - ABUNDANT - - - -
18 - ABUNDANT PRESENT - - -
19 - ABUNDANT ABUNDANT - - -
20 - ABUNDANT ABUNDANT - - -
21 - ABUNDANT PRESENT - - PRESENT 
22 - ABUNDANT - -. -
23 - ABUNDANT ABUNDANT - - ABUNDANT 
24 - ABUNDANT ABUNDANT - - ABUNDANT 
25 - ABUNDANT ABUNDANT - - PRESENT 
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E c h i n o i d c o m m u n i t y d a t a T a b l e 6 

TECHFR 

RECHFR 

ECHCOM 

T o t a l f r e q u e n c y o f e c h i n o i d s , v i s u a l e s t i m a t e 

R e l a t i v e e c h i n o i d f r e q u e n c y (A : A r b a c i a l i x u l a , 
P : P a r a c e n t r o t u s l i v i d u s ) - V i s u a l e s t i m a t e 

G e n e r a l a p p e a r a n c e o f two e c h i n o i d c o m m u n i t i e s , v i s u a l 
e s t i m a t e 

S I T E TECHFR RECHFR ECHCOM 

1 V .ABUND. A < P SEPARATED 
2 V .ABUND. A = P SEPARATED 
3 V .ABUND. P ONLY N . A . 
k ABUND. P ONLY N . A . 
5 PRESENT A = P SEPARATED 
6 P R E S E N T A > P MIXED 
9 ABUND. A » P MIXED 

11 V .ABUND. A » P MIXED 
12 ABUND. A < P C L U S T E R E D 
13 P R E S E N T A = P MIXED 
\k V.ABUND. A - P MIXED 
15 ABUND. A < F Mi XED 
17 ABUND. A = P SEPARATED 
18 V .ABUND. A < P MIXED 
19 ABUND. A = P MIXED 
20 RARE A < P MIXED 
21 RARE A < P MIXED 
22 ABUND. A > P SEPARATED 
23 V .ABUND. A << P SEPARATED 
2k P R E S E N T A < P SEPARATED 

-2-5 ABUND-. A = P SEPARATED 
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T a b l e 7 

F a c i e s d i s t r i b u t i o n on s i t e s a c c o r d i n g t o t h e m o d i f i e d E h r h a r d t 

c l a s s i f i c a t i o n d e s c r i b e d i n t h e t e x t ( 6 8 ) , a s w e l l a s t h e c o m p o s i t e 

i n d e x d e s c r i b e d i n a p p e n d i x 5 . 

A = A b u n d a n t 

P = P r e s e n t 

A b s e n t a n d S c a r c e v a l u e s o m i t t e d 

S i t e 1 2 3 5 6 7 8 9 10 11 12 FACTOT 

1 P - - - - - - A - 38 

2 - A - A 6 

3 - - A - - - - - - - - 9 

*f P A P - - - 5 6 

5 - - - - - A - - - - - - 21 

9 - - - - = A A - - - - - k8 

11 P - P - - A - - - - P 2 9 

12 - - P - P - - - - - - nn 

13 P A - P - A 16 

)k - - P P P P - - - - - 4 6 

15 - - - P - A - - - - A 2 9 

17 P P P P - P yk 

18 - - P - - - - - - - - 6 

- 1-9 - - A - P _ p - - - - -3-1 

on 
4- W 

p - - - A - - - - - - 23 

21 A - P 3 

22 - - A - - A - - - - 3 6 

2k P - - P - A - - - P 37 

25 A - - P - P - - - - P 2 5 
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r e s p e c t i v e l y , a n d t a b l e 7 shows t h e d i s t r i b u t i o n , i n o r d e r o f i n c r e a s i 

e n v i r o n m e n t a l i n s u l t - e x c e p t f o r f a c i e s 12 - o f t h e i n d i c a t o r 

c o m m u n i t i e s u s e d by E h r h a r d t ( 6 8 ) to e s t i m a t e o r g a n i c p o l l u t i o n . A 

f u l l d e s c r i p t i o n o f t h e s e a p p e a r s i n a p p e n d i c e s 2 and 5 . 
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R e f e r e n c e s 

65) S h e p p a r d , C . R . C . a n d B e l l a m y , D . J . (197*0 P o l l u t i o n o f t h e 

M e d i t e r r a n e a n a r o u n d N a p l e s M a r . Po11 . B u 1 1 . 5 (3 ) 

k2-kk. 

39) TECNECO (1973) " P r i m a r e l a z i o n e a m b i e n t a l e d e l p a e s e " , F i r e n z e 

1973, V o l I I , p p . 180 -207 . 

68) E h r h a r d t , J . P . , (1968) N o t e p o u r 1 1 i d e n t i f i c a t i o n b i o l o g i q u e d e s 

e a u x p o l l u e e s m a r i n e s e t s a u m S t r e s R e v u e du C o r p s de 

S a n t e 9 (0 8 9 . 
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Samp 1 i nq m e t h o d 

I n v i e w o f t h e e n v i s a g e d u s e o f t h e m e t h o d b y a m a t e u r d i v e r s , a s 

s i m p l e a n d s t a n d a r d i z e d m e t h o d o f s a m p l i n g a s p o s s i b l e had t o be u s e d . 

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

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

h a v e b e e n p r e s e n t a t e a c h s i t e , s u c h a s e a s e o f a c c e s s , n a t u r e o f 

b o t t o m , a n d e c h i n o i d f r e q u e n c y . 

S h e p p a r d a n d B e l l a m y ( 6 5 ) had u s e d up t o kO i n d i v i d u a l o r g a n i s m s 

p e r s i t e , e a c h c o n s t i t u t i n g a s a m p l e . I n t h i s c a s e t h e g r e a t e r n u m b e r 

o f s i t e s a n d s p e c i e s t o be i n v e s t i g a t e d made s u c h a l a r g e s a m p l e s i z e 

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

F o r t h i s r e a s o n , an a r b i t r a r y n u m b e r o f t e n s a m p l e s p e r s p e c i e s p e r 

s i t e , was s e t t l e d u p o n . 

I n t h e f i r s t s i t e s v i s i t e d , s i n g l e i n d i v i d u a l o r g a n i s m s w e r e 

c o l l e c t e d as s a m p l e s . I t s o o n became a p p a r e n t , h o w e v e r , t h a t w h i l e 

a n a v e r a g e i n d i v i d u a l o f Pa r a c e n t r o t u s 1i v i d u s w o u l d f u r n i s h m o r e t h a n 

e n o u g h m a t e r i a l f o r a n a l y s i s , t h e same c o u l d n o t be s a i d f o r P a t e l l a 

iSo a s t o a v o i d 

c o e r u 1 e a . l p r o b 1 ems d u r i n g t h e a n a l y t i c a l s t a g e o f t h e w o r k d u e t o 

i n s u f f i c i e n t m a t e r i a l , i t was a r b i t r a r i l y d e c i d e d t o c o n s i d e r a v a l i d 

s a m p l e a m i n i m u m o f 10ml o f w e t t i s s u e i r r e s p e c t i v e o f how many 

i n d i v i d u a l s had t o be b u l k e d t o r e a c h s u c h a v o l u m e . 

On r e a c h i n g a s i t e , a sweep was c a r r i e d o u t u s i n g b a s i c d i v i n g 

e q u i p m e n t , c o v e r i n g a s much b o t t o m a r e a a s n e c e s s a r y t o c o l l e c t t h e 

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

n e v e r e x c e e d i n g 500 m 2 , b e i n q q e n e r a l l y a l o t s m a l l e r , a n d a t t i m e s 

o n l y a f e w s q u a r e m e t e r s o f b o t t o m w o u l d y e l d s u f f i c i e n t m a t e r i a l . 

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

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

s t e e l s c o o p . T h e s e w e r e s t o r e d a t a m b i e n t t e m p e r a t u r e i n s n a p t o p 
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p o l i s t y r e n e t u b e s , p r e v i o u s l y a c i d s o a k e d i n d i l u t e d HC1 , t o g e t h e r 

w i t h 10ml o f e t h a n o l ( M e r c k P r o A n a l y s i s g r a d e , d e s c r i p t i o n i n a p p e n d i 

a d d e d a s a p r e s e r v i n g a g e n t . 

No a t t e m p t was made t o s e p a r a t e i n d i v i d u a l o r g a n s o r t o e l i m i n a t e 

t h e g u t c o n t e n t , as t h i s w o u l d h a v e r e q u i r e d , e s p e c i a l l y f o r A r b a c i a 

J J x u l a , a l e n g t h y d i s s e c t i o n , p r o b a b l y b e y o n d a l a y m a n ' s c a p a c i t y . 
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R e f e r e n c e s 

6 5 ) S h e p p a r d , C . R . C . , B e l l a m y , O . J . ( 1 9 7 ^ ) P o l l u t i o n o f t h e 

M e d i t e r r a n e a n a r o u n d N a p l e s Ma r . Po M . Bu 1 1 . 5 (3 ) k2-kk. 
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S a m p l e p r e p a r a t i o n 

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

i n t e n t i o n s t o t r y t o a p p l y a n o v e l a n a l y t i c a l t e c h n i q u e (67) so a s t o 

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

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

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

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

a n d a s t o t h e p r a c t i c a l v a l u e o f t h e r e s u l t s t h e y p r o d u c e . W i t h o u t 

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

e l s e w h e r e ( 6 9 , 7 0 , 7 1 , 7 2 ) , s u f f i c e i t t o s a y t h a t f o r t h e p u r p o s e s o f 

t h i s p a r t i c u l a r s t u d y F l a m e A t o m i c A b s o r p t i o n S p e c t r o m e t r y was t h e 

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

n a m e l y a P e r k i n s - E l m e r 403 a t o m i c a b s o r p t i o n s p e c t o p h o t o m e t e r . M o s t 

p r e v i o u s w o r k i n D u r h a m h a d b e e n • .> i 1 i e o u u l o n t h i s i n s t r u m e n t , a n d 

i t was f e l t t h a t r e g a r d l e s s o f t h e r e c o g n i z e d u n c e r t a i n t i e s o f t h e 

m e t h o d ( 6 9 , 7 3 ) . t h e e x i s t i n g e x p e r i e n c e w o u l d h a v e a l l o w e d t h e 

c o m p a r i s o n o f e v e n t u a l r e s u l t s w i t h t h e s e p a s t w o r k s . The o n e a s p e c t 

o f t h e a n a l y t i c a l p r o c e d u r e w h i c h was o p e n f o r e x p e r i m e n t i n g u p o n 

was t h e s a m p l e p r e p a r a t i o n s t a g e . 

T h e t r a n s f o r m a t i o n o f a s p e c i m e n o f o r g a n i c t i s s u e i n t o a 

s u b s t a n c e s u i t a b l e f o r t r a c e e l e m e n t a n a l y s i s w i t h o u t i n t e r v e n i n g 

l o s s e s h a s b e e n r e c o g n i z e d a s a s e r i o u s p r o b l e m (7k), a d m i r a b l y i n v e s t i g a t e d 

by G o r s u c h ( 7 5 , 7 6 ) , a n d u n t i l v e r y r e c e n t l y h a s r e m a i n e d a n u n a v o i d a b l e 

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

u s e d i n D u r h a m i n t h e p a s t had b e e n a m o d i f i c a t i o n o f t h e o n e d e s c r i b e d 

by U l r i c h (77) i n v o l v i n g w e t f l a m e s e q u e n t i a l d i g e s t i o n w i t h n i t r i c 

a n d p e r c h l o r i c a c i d . 

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

h i g h t e m p e r a t u r e s had b e e n f o r some t i m e f e l t t o be u n s u i t a b l e i n a 
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s t a n d a r d p r o c e d u r e w h i c h w o u l d p r o b a b l y h a v e t o be c a r r i e d o u t r o u t i n e l y 

by p e r s o n n e l o f v a r y i n g d e g r e e s o f s k i l l . P e r c h l o r i c a c i d i s a h i g h l y 

' t e m p e r a m e n t a l ' s u b s t a n c e w h i c h , t h o u g h u s e d a b u n d a n t l y i n t h i s c o n t e x t , 

has o c c a s i o n a l l y b e e n t h e c a u s e o f a c c i d e n t s o f q u i t e s p e c t a c u l a r 

d e s t r u c t i v e n e s s ( 7 6 , 7 8 , 7 9 ) . U n f o r t u n a t e l y , no d i g e s t i o n m i x t u r e l a c k i n g 

i t seems t o g i v e a s g o o d a r e c o v e r y , p a r t i c u l a r l y as f a r a s l e a d i s 

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

t o u s e l e s s p o t e n t i a l l y h a z a r d o u s t e c h n i q u e s , s u c h a s d r y a s h i n g a s 

d e s c r i b e d by U l r i c h ( 7 7 , 8 0 , W a u g h m a n , J . , P e r s o n a l C o m m u n i c a t i o n ) , 

w i t h o u t h o w e v e r o b t a i n i n g s a t i s f a c t o r y r e s u l t s g i v e n t h e e x i s t i n g 

f a c i l i t i e s . A l o w t e m p e r a t u r e / m e d i u m p r e s s u r e s y s t e m i n v o l v i n g s m a l l 

q u a n t i t i e s o f p e r c h l o r i c a c i d was d e s c r i b e d b y A d r i a n ( 8 1 , 8 2 ) a n d u s e d 

b y G e n a k o s ( 8 3 ) , b u t f o r r e a s o n s t o be m e n t i o n e d b e l o w i s s t i l l 

f e l t t o be s o m e w h a t s t i s p e r . t A t t h e o u t s e t o f t h i s s t u d y , a m e t h o d 

p u b l i s h e d by A b u - S a m r a et_ a_l_ (67) h a d s t r u c k t h e a u t h o r a s h a v i n g a 

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

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

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

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

v e r y s m a l l a m o u n t s o f s a m p l e m a t e r i a l . A t t h e same t i m e , t h e a p p l i c a t i o n o f 

t h e S a f e t y a t W o r k A c t t o U n i v e r s i t y l a b o r a t o r i e s made t h e s e a r c h f o r 

a s a f e a l t e r n a t i v e t e c h n i q u e a m a t t e r o f some u r g e n c y . 

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

k:] n i t r i c a c i d / p e r c h l o r i c a c i d m i x t u r e , u s i n g a m o d i f i e d c o m m e r c i a l 

m i c r o w a v e o v e n f i t t e d w i t h a f ume e x t r a c t o r . 

T h e e q u i p m e n t was r e p r o d u c e d u s i n g a T a p p a n 56 -0^55 m i c r o w a v e 

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

a n d a n e x t r a c t o r f a n . C o n s i d e r a b l e t e c h n i c a l d i f f i c u l t i e s w e r e met b o t h 

w i t h t h e o v e n , w h i c h was f o u n d t o e m i t a h i g h l e v e l o f s t r a y m i c r o w a v e s 



- kk -

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

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

a m o u n t o f f u m e s p r o d u c e d , was s o o n c o r r o d e d b e y o n d r e p a i r . A p a r t f r o m 

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

t i s s u e g a v e r e s u l t s , c i t e d i n a p p e n d i x 3 , w h i c h seem t o c a s t s t r o n g 

d o u b t s o n t h e c h e m i c a l b a s i s o f t h e m e t h o d . 

H e a v y m e t a l v a l u e s , m e a s u r e d o n t h e c o d t i s s u e a n d c o m p a r e d t o 

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

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

l a r g e mass o f c r y s t a l s a p p e a r i n g i n t h e r e a c t i o n v e s s e l s o n c o o l i n g . 

S i m i l a r c r y s t a l s a p p e a r e d i n e v e n g r e a t e r q u a n t i t i e s i n t h e d i g e s t e d 

g l u c o s e s a m p l e s , w h i c h w o u l d h a v e b e e n e x p e c t e d t o be t o t a l l y d i s s o c i a t e d 

i n a n e f f i c i e n t d i g e s t i o n t e c h n i q u e . 

T h e m a t t - p r w a s u s e f u l l y d i s c u s s e d w i t h D r . D . G . O t h e n . t h e n o f 

Du rham U n i v e r s i t y C h e m i s t r y D e p a r t m e n t , a n d o n a n a l y s i s t h e r e s i d u a l 

c r y s t a l s w e r e s h o w n t o be o x a l i c a c i d d i h y d r a t e . F r o m t h i s i t was 

d e d u c e d t h a t t h e u s e o f a c o m m e r c i a l m i c r o w a v e o v e n e m i t t i n g a t 915 MHz 

a n d a t 2 . ^ 5 GHz m e a n t t h a t a m a s s i v e d r o p i n e n e r g y a b s o r p t i o n t o o k 

p l a c e o n c e t h e m a j o r i t y o f t h e w a t e r p r e s e n t was l o s t , a n d b e f o r e 

o x i d a t i o n by t h e p e r c h l o r i c a c i d c o u l d s e t i n . M o r e o v e r , s i n c e t h e 

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

n o t much h i g h e r t h a n t h e b o i l i n g p o i n t o f w a t e r , t h e A d r i a n m e t h o d 

( 8 1 , 8 2 ) , r e l y i n g o n a p r e s s u r e i n c r e a s e o f a f e w a t m o s p h e r e s and t h e 

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

no d e t a i l e d c o m p a r i s o n was c a r r i e d o u t . 

I n v i e w o f t h e s e d i f f i c u l t i e s a n d t h e v e r y c o n s i d e r a b l e a m o u n t o f 

t i m e t a k e n u p by t h e m , i t was d e c i d e d t o c a r r y o u t t h e p r o j e c t u s i n g t h e 

t r a d i t i o n a l m o d i f i e d U l r i c h (77) m e t h o d , a f t e r a l t e r i n g t h e p r o c e d u r e 

a n d t h e f a c i l i t i e s so a s t o c o m p l y w i t h t h e m o r e s e v e r e s a f e t y s t a n d a r d s 
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( 7 6 , 7 8 , 7 9 ) . 

The s a m p l e s i n e t a n o l h a d b e e n d r i e d o u t a t *+5°C a s s o o n a s t h e y 

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

d e s s i c a t o r . The d r y s a m p l e s w e r e g r o u n d i n a m o r t a r , h o m o g e n i z e d , 

a n d a l i q u o t s w e r e w e i g h e d o u t i n t h e r e a c t i o n v e s s e l s . An a n a l y t i c a l 

s a m p l e w e i g h t o f 0 . 5 g was a i m e d a t , b u t q u i t e f r e q u e n t l y t h e a m o u n t 

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

became n e c e s s a r y t o o b t a i n a n a n a l y z e a b l e q u a n t i t y . W h e n e v e r p o s s i b l e , 

w h i c h was i n o v e r t w o t h i r d s o f t h e c a s e s , s a m p l e s w e r e a n a l y z e d i n 

d u p 1 i ca t e . 

The r e a c t i o n v e s s e l s w e r e s p o u t e d w i d e - n e c k e d 125ml P y r e x c o n i c a l 

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

t e c h n i q u e , b u t w h i c h p r o v e d t h e m s e l v e s m o r e e f f i c i e n t t o t h e p u r p o s e 

t h a n t h e n o r m a l l y u s e d c c n i c o l b e c k s r s , p o s s i b l y d u e t o t h e i n r r p a ^ p H 

r e f l u x e f f e c t o f t h e n a r r o w e r n e c k . 

The s a m p l e s w e r e d r e n c h e d w i t h 10ml o f f u m i n g n i t r i c a c i d , BDH A n a l a R 

g r a d e , a n d l e f t t o p r e d i g e s t f o r a t l e a s t 12 h o u r s . S u b s e q u e n t l y , 2ml 

o f c o n c e n t r a t e d p e r c h l o r i c a c i d , BDH A n a l a R g r a d e , w e r e a d d e d a n d t h e 

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

a s u i t a b l e fume c u p b o a r d . T h e t e m p e r a t u r e was c o n t r o l l e d so a s t o k e e p 

t h e s a m p l e s j u s t s i m m e r i n g . 

T h e p r o c e s s had t o be c l o s e l y w a t c h e d , a n d t h e o p e r a t o r had t o be 

r e a d y t o q u e n c h t h e r e a c t i o n w i t h d i s t i l l e d w a t e r a t t h e moment i n w h i c h 

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

o f d e n s e w h i t e p e r c h l o r a t e f u m e s . T h i s p r o c e d u r e was r e p e a t e d u n t i l 

t h e s o l u t i o n t u r n e d c l e a r a n d c h a n g e d f r o m y e l l o w - b r o w n t o c o l o u r l e s s 

o r j u s t s t r a w y e l l o w . T h e s i n g l e f l a s k s w e r e r e m o v e d a t t h i s p o i n t a n d 

a l l o w e d t o c o o l . T h e c l e a r d i g e s t was f i l t e r e d t h r o u g h a Whatman n o . 41 

f i l t e r p a p e r so as t o r e m o v e s i l i c a p a r t i c l e s , made u p t o 50ml w i t h 
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d i s t i l l e d w a t e r , and s t o r e d i n p o l y t h e n e o r p o l y p r o p y l e n e b o t t l e s w h i c h 

had b e e n , a s a l l o t h e r g l a s s w a r e u s e d i n t h e d i g e s t i o n , a b u n d a n t l y 

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

e f f e c t o f v e s s e l s u r f a c e c o n t a m i n a t i o n and a d s o r p t i o n . 
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A n a l y t i c a l Techn ique 

The d i g e s t s were a n a l y z e d f o r Z i n c , Coppe r , Lead and Cadmium. 

O r i g i n a l l y t h e r e had been t h e i n t e n t i o n o f m e a s u r i n g t h e l e v e l s o f 

M e r c u r y and Se len ium as w e l l . T h i s idea was e v e n t u a l l y abandoned 

because i t was f e l t t h a t t h e use o f a d i g e s t i o n i n v o l v i n g a l e n g t h y 

p e r i o d o f b o i l i n g w i t h o u t r e c o v e r y o f fumes wou ld have led t o an 

a l m o s t c o m p l e t e l oss o f t h e s e two e l e m e n t s , b o t h p a r t i c u l a r l y p rone t o 

f o r m i n g v o l a t i l e compounds u n d e r t h e s e c o n d i t i o n s ( 7 5 , 7 6 ) . A l s o 

measured were t h e l e v e l s o f Sod ium, P o t a s s i u m , C a l c i u m and Magnes ium. 

Except f o r Sodium f o r w h i c h an EEL s i n g l e beam a t o m i c a b s o r p t i o n 

s p e c t r o p h o t o m e t e r was u s e d , a l l o t h e r e l e m e n t s were a n a l y s e d on a 

P e r k i n s - E l m e r k03 d o u b l e bea.Ti a t o m i c a b s o r p t i o n s p e c t r o p h o t o m e t e r . 

I n a l l c a s e s , an a i r / a c e t y l e n e f l ame was u s e d . 

The i n s t r u m e n t s w e i e z e i u c u U I I d i s t i l l e d w a t e r , and the o b t a i n e d 

r e a d i n g s were c o r r e c t e d f o r c o n c e n t r a t i o n response c u r v e , sample w e i g h t , 

c h e m i c a l b l a n k s , and m a t r i x i n t e r f e r e n c e by w r i t i n g an a p p r o p r i a t e 

subse t o f d a t a m o d i f i c a t i o n commands i n t h e SPSS s o f t w a r e package used 

f o r t h e subsequent s t a t i s t i c a l a n a l y s i s o f t h e r e s u l t s (8k). S t a n d a r d 

m a t r i x i n t e r f e r e n c e c o r r e c t i o n f a c t o r s as a p p e a r i n g i n t a b l e 8 were 

u s e d , f a c t o r s p r e v i o u s l y used and f ound v a l i d on t h e same i n s t r u m e n t 

unde r s i m i l a r c o n d i t i o n s , and c o n f i r m e d by a number o f c o n t r o l checks 

t h r o u g h o u t t h e a n a l y s e s . 

The r e p l i c a t e v a l u e s were ave raged u n l e s s , by v i s u a l i n s p e c t i o n , one 

o f t h e r e a d i n g s was found t o d i f f e r s i g n i f i c a n t l y b o t h f r o m t h e o t h e r 

r e p l i c a t e and f r om o t h e r r e a d i n g s o f t h e same n a t u r e and s i t e , i n w h i c h 

case i t was d e l e t e d . The r e s u l t s were f i n a l l y g rouped f o r s i t e and 

s p e c i e s , and g roup ave rages o b t a i n e d . 
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Tab l 

The M a t r i x r e p r e s e n t s t he p o s i t i v e i n t e r f e r e n c e 

o f one p a r t o f a l k a l i n e me ta l i n t e rms o f p a r t s 

d e t e c t e d o f heavy m e t a l . 

Na K Ca Mg 

Zn 2 .0 x 1 0 " 6 3.3 x 1 0 " 6 \5.k x 1 0 " 6 7^ .0 x 1 0 " 6 

Cu Mt.O x 1 0 " 6 3 . 6 x 1 0 " 6 12.0 x 1 0 ' 6 6 . 9 x 1 0 " 6 

Pb 17.0 x 1 0 " 6 2 0 . 0 x 1 0 " 6 ]kk.O x 1 0 " 6 100.0 x 1 0 ~ 6 

Cd B.k x 1 0 " 6 2 . 3 x 1 0 " 6 21 .3 x 1 0 " 6 2 . 9 x 1 0 ~ 6 
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( 1 9 7 5 ) "SPSS - S t a t i s t i c a l Package f o r t h e S o c i a l S c i e n c e s " , 

2nd e d . , McGraw-Hi 1 1 . 
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The R e s u l t s 
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The r e s u l t s o b t a i n e d a r e shown i n t a b l e s 9 t o 17 and i n f i g u r e s 2 

t o 1 3 . The t a b l e s g i v e t h e number o f a n a l y z e d samples p e r s i t e , t h e 

a v e r a g e me ta l c o n t e n t i n ppm, and t h e c o e f f i c i e n t o f v a r i a t i o n f o r each 

v a l u e . The f i g u r e s a r e a g r a p h i c a l r e p r e s e n t a t i o n o f t h e Heavy Me ta l 

r e s u l t s f o r t h e t h r e e p r i n c i p a l s p e c i e s s t u d i e d , A r b a c i a 1i x u l a , 

P a r a c e n t r o t u s l i v i d u s , and P a t e l l a c o e r u l e a , t h e p l o t t e d v a l u e s b e i n g 

a l i n e a r e x p a n s i o n o f t h e s c a l e shown i n t h e uppe r r i g h t hand c o r n e r . 

So as t o make a g e n e r a l i z e d c o m p a r i s o n between s i t e s p o s s i b l e 

w i t h o u t g i v i n g any s i n g l e e lemen t an undue w e i g h i n g , t h e T o t a l Heavy 

M e t a l I ndex concep t as used by Sheppard (37) was a p p l i e d , where t h e 

s i t e s a r e ranked s e p a r a t e l y i n d e s c e n d i n g o r d e r o f c o n c e n t r a t i o n f o r 

each e lement measu red , and an a v e r a g e o f ranks i s t a k e n f o r each s i t e , 

t h i s b e i n g c o n s i d e r e d as a g e n e r a l r a n k i n g i n d e x g i v i n g a measure o f 

t h e t o t a l heavy meta l l oad per s p e c i e s pe r s i t e . Tab les 18 t o 20 

show the i n d i v i d u a l e lemen t r a n k i n g s and t h e T o t a l Heavy Me ta l I n d e x 

f o r A r b a c i a 1i xu1 a , Pa r a c e n t r o t u s 1i v i d u s , and P a t e l l a c o e r u l e a 

r e s p e c t i v e l y , and f i g u r e s 1*4- t o 16 g i v e a g r a p h i c a l r e p r e s e n t a t i o n o f 

t h e T o t a l Heavy M e t a l Index f o r t h e same s p e c i e s . 
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R e s u l t t a b l e s 

C o d i n g : SITE Number o f s i t e as i n Tab le 1 

nX Number o f i n d i v i d u a l samples pe r s i t e 

xX Ave rage d e t e c t e d ppm o f X pe r s p e c i e s pe r s i t e 

cX% C o e f f i c i e n t o f V a r i a t i o n (as p e r c e n t a g e ) 
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A r b a c i a l i x u l a T a b l e 

A1 ka 1 i ne Meta 1 R e s u l t s 

Si t e nNa KNa cNa% nK xX cK7o 

1 8 ^3014.3 35 8 11527.6 23 
2 10 3196*+. 7 27 10 7712 . 2 24 
it 10 36728.2 25 10 12274.8 35 
5 1 1 3 3 2 7 5 . 7 18 11 12778.3 20 
6 9 25297.3 21 9 1 0 6 6 4 . 8 33 
9 10 33589.9 16 10 11702.0 23 

11 10 4 0 7 1 7 . 7 27 10 10099.3 17 
12 10 37191.4 23 10 11261 .8 2 4 

13 8 26656.5 44 8 6722 .8 21 
\k 10 33258.8 41 10 13346.9 1 "7 

1 / 

15 6 30283.5 23 6 7 2 1 0 . 1 12 
16 7 49758.9 14 7 14726.2 1 1 
17 10 43753.7 12 10 16971.4 1? 
18 10 41932.6 24 10 11900 .0 17 
19 12 26851.5 40 12 7430.8 4i 
20 10 31406.1 34 10 8151.2 u, 

21 8 4 1 1 3 5 . 2 24 8 12037.4 2 0 
22 10 39356.2 18 10 15301 .3 13 
23 10 42865.0 12 10 12443 .2 13 
24 10 65776.0 17 10 14723.6 14 
*•> r 
J 

C\ 1 o 
1 L. 

r\ i i * \ o i t~ 
\ £-£.£. 1 , J i 

i. 4 
31 k 3 6 7 5 5 . 5 10 k 19595.8 7 
32 3 45964.3 1 3 21514 . 5 8 
33 17 43128.7 18 17 7155.0 2 ! 

Si t e nCa XCa cCa% nMg *Mg cMg% 

1 8 1 1 9 0 1 0 . 3 41 8 1 1 0 1 9 . 5 25 
2 10 203140.2 15 10 10402 .0 16 
h in 5 9 0 5 9 , 3 6^ in i n 9 l 6 . ? 33 
5 i i 111322.9 4 9 1 i i 5 0 2 o . 9 36 
6 9 1 2 8 7 4 0 . 3 2 8 9 1 1 1 7 7 . 2 19 
9 10 143675 .1 21 10 1 8 1 1 5 . 2 '6 

11 10 167118.9 18 10 1 0 8 0 9 . 6 10 
12 10 1 2 2 4 0 9 . 9 32 10 1 6 2 3 2 . 2 20 
13 8 1 4 6 3 7 9 . 9 22 8 1 6 6 2 0 . 0 16 
\h 10 4 5 7 8 6 . 1 kk 10 1 0 3 7 3 . 6 24 
15 6 1 2 7 9 8 6 . 4 23 6 1 5 9 6 9 . 4 22 
16 6 5 4 8 9 6 . 6 35 7 1 3 7 4 5 . 7 15 
17 10 3 3 0 7 7 . 3 42 10 1 0 5 6 1 . 6 18 
18 10 1 3 8 6 8 8 . 5 3 9 10 1 1 6 5 6 . 9 3 ! 
19 a 1 5 5 3 4 8 . 7 63 12 1 6 6 4 2 . 1 32 
20 1 1 0 6 3 9 4 . 3 46 10 12141 .5 3 4 
21 8 6 2 0 2 8 . 2 51 8 1 2 0 0 6 . 6 15 
22 10 6 1 8 8 6 . 2 3 6 10 1 1 0 6 8 . 0 16 
23 10 7 7 2 8 5 . 8 39 10 1 3 1 2 2 . 8 19 
24 10 7 5 9 3 7 . 3 29 10 1 4 2 7 7 . 5 2 2 
25 9 9 8 8 4 4 . 2 23 9 1 1 0 2 6 . 2 13 
31 4 2 5 1 6 6 . 1 6 5 4 7 5 3 5 . 9 15 
32 3 6434 . 9 31 3 7 6 5 9 . 6 1 
33 17 1 5 2 8 1 7 . 5 21 17 1 3 4 3 3 . 9 17 
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A r b a c i a l i x u l a T a b l e 

Heavy Me ta l R e s u l t s 

Si t e nZn xZn cZn% nCu xCu cCu% 

1 7 109.773 51 7 11 .413 30 
2 10 70.517 4 4 10 1 1 . 2 1 7 36 
4 10 98 .609 53 9 7.918 48 
5 1 1 79.612 48 11 9 . 372 21 
6 9 62.151 48 9 5.441 ? 1 
9 10 54.767 4 4 10 8.934 19 

11 9 98.265 77 10 6 .350 10 
12 10 47 .448 40 10 4.023 30 
13 8 3 4 . 1 3 9 23 8 4 . 5 1 4 16 
14 10 78.386 76 10 6 . 343 24 
15 6 55 . 073 30 6 7 . 9 5 5 18 
16 6 71.822 4 4 6 8 . 1 3 2 26 
17 10 124.549 49 10 7 .651 19 
18 10 98.416 60 9 8 . 9 2 5 34 
19 8 63.225 33 8 6 . 910 16 
20 10 84.771 65 10 4 . 562 17 
21 8 132.733 40 8 7 .212 19 
22 10 143.571 54 10 6 . 906 22 
23 10 113 . 094 52 10 6 . 356 13 
24 in 1 9 0 . 9 2 1 37 in 67? ' 0 

25 8 188 . 523 39 8 6 . 454 30 
31 4 102 .522 9 4 11 .517 45 
32 2 2 2 8 . 0 9 5 28 3 1 1 . 2 6 3 23 
33 17 251.614 50 17 1 0 . 2 7 8 23 

Si t e nPb xPb cPb% nCd xCd cCd% 

1 7 51.147 46 7 10.013 36 
2 10 76 .701 31 10 14.366 10 
'! in * .> • s *» s i f . 10 2 ,748 30 
5 I 1 2 9 . 8 8 0 22 1 i 20. 126 2 4 
6 9 10.759 24 9 9 . 5 3 1 32 
9 10 2 9 . 7 5 4 17 10 8 .129 24 

1 1 10 34.463 13 10 15.517 15 
12 10 28.481 34 10 12.071 26 
13 8 41 .058 16 8 11 .268 23 
14 10 20.510 37 10 2 . 130 34 
15 6 4 3 . 1 7 4 2 9 6 16.274 40 
16 6 2 0 . 1 1 5 23 6 11 .707 33 
17 10 24.793 36 10 12.558 17 
18 10 26 .616 20 10 15.542 31 
19 o 

u 
3 3 . 0 3 5 4 4 8 18.732 15 

20 10 24 .384 39 10 1 1 . 0 6 8 21 
21 8 24.108 25 8 10.650 19 
22 10 19.532 24 10 8 . 7 3 9 1 1 
23 10 24.716 30 10 12.042 30 
24 10 18.843 23 10 10.322 15 
25 8 19 .091 30 8 9 .205 22 
31 4 2 3 . 9 9 5 106 4 18.802 1 1 
32 2 7 .881 1 3 17 .693 22 
33 17 47 .028 39 17 14.832 14 
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F i gu re 2 

• A r b a c i a l i x u l a 100 p p m 

Zinc 50 p p m 

/ 
T I 0 2 8 

! 
2 3 

24 

15 

in 
17 

11 

11 • 
30 31 

/ 
/ 
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F i g u r e 3 

A r b a c i a lixula 
Copper 

9 ppm 

4.5 ppm 
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Fi gu re k 

Arbac ia lixula 
Lead 

30 ppr 

1 2 ppr 

M a s 
BBE&BB 
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F i g u r e 5 

Arbacia lixula 
Cadmium 

9 ppm 

* ppm 
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P a r a c e n t r o t u s l i v i d u s T a b l e 

A l k a l i n e Me ta l Resit 1 t s 

Si t e nNa xNa cNa 0/ nK xK cK% 

1 9 6 1 7 5 2 . 7 14 9 1 1 1 2 3 . 9 3 8 
2 10 7 1 9 3 9 . 0 11 10 I 1 8 2 5 . 9 16 
3 10 5 7 7 4 7 . 1 23 10 1 2 4 3 3 . 5 20 
5 9 5 7 3 1 8 . 9 2 4 9 1 0 3 3 1 . 0 2 6 
6 8 4 2 2 4 4 . 1 12 8 1 1 6 2 0 . 1 20 
9 5 4 4 4 7 4 . 1 40 5 1 2 5 7 8 . 4 25 

11 10 5 4 0 4 8 . 0 4 4 10 1 1 2 7 8 . 2 19 
12 10 3 1 7 1 1 . 4 36 10 1 0 6 8 3 . 1 ' 9 
13 9 3 5 9 1 8 . 3 4 9 9 1 0 1 6 1 . 1 2 3 
14 7 4 0 2 1 6 . 6 2 4 7 9 5 1 7 . 7 32 
15 10 6 4 3 1 3 . 4 14 10 8 5 7 0 . 3 25 
16 10 4 8 5 6 7 . 2 23 10 1 2 7 1 2 . 3 27 
17 12 5 8 1 2 4 . 3 23 12 1 4 0 5 5 . 4 20 
18 10 6 8 7 0 6 . 7 21 10 1 0 4 9 3 . 8 21 
19 10 7 4 5 5 9 . 1 17 10 8 2 6 5 . 3 22 
20 10 6 3 1 9 2 . 9 2 4 10 7 3 6 3 . 7 ?? 
21 10 6 6 3 3 8 . 0 14 10 9 4 7 9 . 8 17 
22 10 5 8 1 0 0 . 5 12 10 1 0 9 2 2 . 3 14 
23 10 6 0 6 8 3 . 6 21 10 1 1 0 5 9 . 9 19 
2 4 10 6 1 4 9 1 . 3 18 10 1 1 8 9 6 . 8 9 
i r 
t- J 

1 r\ 
1 U u u y u y . j 

0 1 
z. 1 

1 A 
I U 0 1 2 2 . 0 . n 

1 O 
30 3 2 5 2 7 4 . 6 11 3 1 7 7 9 4 , 0 6 
32 l 3 1 4 4 6 . 2 0 1 1 7 0 3 6 . 8 0 
34 2 2 9 5 8 7 . 2 7 2 1 7 6 2 2 . 9 4 

S i t e nCa xCa cCa% nMg xMg cMg°/0 

1 9 4 2 1 3 0 . 1 3 6 9 1 2 1 5 6 . 5 14 
2 10 5 3 8 4 2 . 7 3 5 10 13132 . 8 8 
3 10 9 7 9 2 6 . y 37 10 1 6 8 5 1 . 6 19 
9 5 9 5 2 3 0 . 0 53 5 1 4 9 0 1 . ? ?q 

1 1 10 8 9 6 4 4 . 2 31 10 1 1 0 9 3 . 7 18 
12 10 8 8 6 6 8 . 8 32 10 1 4 6 2 0 . 3 2 ' 
13 9 7 0 1 2 0 . 1 4 9 9 1 2 3 1 8 . 4 2 4 
14 7 1 1 2 6 5 6 . 6 2 5 7 1 4 3 8 6 . 9 19 
15 10 4 4 2 9 8 . 4 43 10 1 3 1 6 7 . 1 2 8 
16 9 1 3 3 8 0 5 . 3 233 10 1 6 1 6 8 . 5 29 
17 12 3 5 2 0 7 . 0 53 12 1 3 2 0 3 . 1 19 
18 10 5 9 2 1 4 . 1 3 6 10 1 4 5 3 1 . 6 18 
19 10 9 9 5 2 0 . 2 36 10 1 7 4 1 3 . 2 16 
20 10 6 6 1 9 7 . 9 4 0 10 1 5 8 3 8 . 3 9 
21 10 5 0 6 4 0 . 5 34 10 1 6 0 4 6 . 5 9 
22 10 5 6 8 2 3 . 1 4 7 10 1 3 5 9 4 . 3 ' 5 
23 10 5 9 7 4 4 . 7 18 10 1 3 8 3 8 . 2 8 
2 4 10 3 4 8 9 6 . 2 15 10 1 2 8 6 8 . 5 9 
2 5 10 8 2 0 8 6 . 4 30 10 1 4 0 5 0 . 9 9 
30 3 2 4 2 9 . 4 57 3 6 9 9 6 . 5 10 
32 1 2 3 2 0 . 3 0 1 7 3 7 4 . 9 0 
34 2 1 4 5 8 6 . 6 115 2 6 3 7 1 . 7 9 
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Pa r a c e n t r o t u s 1 i v i d u s T a b l e 

H e a v y M e t a 1 R e s u 1 t s 

Si t e nZn x 7 n c Z n % nCu x t u cCu7o 

1 9 2 2 6 . 1 7 5 75 9 2 0 . 2 2 2 23 
2 10 1 2 8 . 2 8 2 19 10 1 3 . 1 1 2 32 
3 9 1 0 3 . 1 3 8 53 10 1 5 . 9 3 1 28 
5 9 5 3 . 0 1 6 38 9 1 2 . 9 8 2 32 
6 8 9 8 . 9 5 6 35 8 1 3 . 0 9 7 20 
9 5 1 1 7 . 4 6 9 83 5 8 . 9 6 9 14 

11 10 5 8 . 4 9 0 4 9 10 5 . 9 6 1 35 
12 10 8 3 . 9 7 1 81 10 5 . 1 1 1 23 
13 9 1 1 6 . 9 4 8 92 9 6 . 2 7 9 4 4 
\ k 7 6 4 . 5 2 5 23 7 6 . 7 7 8 16 
15 10 1 0 6 . 0 2 8 63 10 7 . 3 4 6 3 ! 
16 9 5 8 . 7 4 8 103 9 5 . 5 5 4 19 
17 11 6 7 . 6 2 4 58 12 7 . 6 9 4 22 
18 10 5 0 . 0 5 8 61 10 5 . 7 2 7 27 
19 10 5 8 . 2 5 3 42 10 5 . 7 6 4 15 
20 10 4 7 . 4 4 5 58 10 4 . 5 4 3 22 
21 10 7 5 . 5 0 6 96 10 8 . 1 5 1 30 
22 10 7 0 . 6 1 3 37 10 8 . 8 2 3 2 4 
23 10 5 1 . 1 9 2 4 0 10 6 . 0 4 6 9 
2k 10 3 7 . 8 2 5 29 10 4 . 3 5 4 20 
25 10 6 4 . 0 9 5 55 10 5 . 1 5 4 ' 9 
30 3 7 9 . 2 9 7 63 -> 

•> 4 . 2 8 7 42 
32 1 1 8 3 . 2 6 1 0 1 9 . 7 6 4 0 
3k 2 1 1 2 . 5 8 9 19 2 8 . 9 6 2 5 9 

Si t e nPb £Pb cPb% nCd xCd cCd% 

1 9 5 2 . 7 3 3 98 9 1 4 . 7 5 3 55 
2 10 1 7 . 6 2 8 37 10 1 2 . 4 1 4 9 
3 10 4 1 . 0 2 9 7 6 10 8 . 0 7 4 2 9 
5 9 1 o . z t z 36 3 

-. e l . ~ 
/ O H ? 3 6 

6 8 2 0 . 8 8 7 13 7 3 . 8 1 5 15 
9 5 2 3 . 3 8 0 4 2 5 6 . 5 9 3 6 4 

11 10 2 8 . 1 7 4 6 0 10 7 . 5 5 9 4 0 
12 10 2 2 . 1 6 4 26 10 6 . 4 6 1 2 6 
13 9 2 3 . 6 9 1 51 9 4 . 1 4 7 59 
14 6 3 4 . 8 4 4 19 7 1 1 . 6 3 5 k 
15 10 1 9 . 9 3 8 2 8 10 6 . 6 9 7 4 9 
16 9 1 5 . 5 1 2 40 9 4 . 2 6 7 37 
17 12 1 7 . 2 4 2 2 8 12 4 . 2 0 2 8 ! 
18 10 1 4 . 1 7 6 33 10 7 . 6 8 4 32 
19 10 2 4 . 2 1 0 30 10 1 2 . 2 8 9 13 
2 0 10 2 0 . 7 0 5 27 10 8 . 2 8 8 51 
21 10 2 0 . 9 2 4 2 4 10 7 . 7 7 1 26 
22 10 1 9 . 8 7 3 22 10 4 . 8 2 5 5 4 
23 10 2 6 . 7 0 5 13 10 9 . 3 1 1 23 
2k 10 1 5 . 1 8 9 3 6 10 6 . 9 7 0 53 
25 10 2 5 . 5 6 3 13 10 1 0 . 4 0 6 22 
30 3 2 0 . 9 6 7 3 9 3 8 . 4 4 9 4 4 
32 1 3 4 . 8 8 3 0 1 1 5 . 6 7 8 0 
3k 2 1 3 . 2 1 5 35 2 1 6 . 0 1 1 27 
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P a r a c e n t r o t u s l i v i d u s 10 0 p p rn 

Z i n c 5 0 p p m 

HHP \̂ 



64 

re 7 

4.5 P » m 

i i v i d u s 
t r o t u s 

P a r a c e n

C o p p e ' ' 

/ 0 i f 

/ 

/ 2 * •>-. 

9,10 
11 

14 

1!> 

if 1M 

/ • 

30 S1 
j i V 8 M 

/ 
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F i g u r e 8 

3 P a r a c e n t r o t u s l i v i d u s 3 0 p p m 

1 2 p p m 

\ 

V) 

9,10 © 12 I I ® 
;3 
14 

a. 
/ / / 

/ 
18 i'J 

/ // 
/ 

/ { 30 31 

X 
3» 



F i g u r e 9 

P a r a c e n t r o t u s l i v i d u s 9 p p m 

C a d m i u m 

• 

\ 

! 

i. 

2 4 

2 1' 
22 

4 

• 7 / / / S 1 

! 7 •8 

/ 
/ • ® 3 3 / 

30 31 
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P a t e l l a c o e r u l e a T a b l e ' 3 

A1 ka 1 i ne Me ta l Resu1ts 

Si t e nNa XNa cNa% nK cK% 

1 k 36179 .3 17 4 10762.1 10 
k 10 39283 .0 19 10 13467.9 27 
7 5 27349 .6 64 5 9608.2 .':> 

9 3 28088 .0 1 3 8 5 0 7 . 5 5 
11 4 2 1 8 7 2 . 9 25 k 8169 .3 11 
12 3 16131.7 8 3 8078 .2 7 
13 3 18129.5 20 3 8 8 0 7 . 9 9 
14 3 2 1 0 9 ^ . 0 17 3 7 8 7 9 . 8 25 
15 3 29088 .0 5 3 3737 .3 1 
17 10 27878 .5 22 10 10287.8 6 
18 8 30091 .8 38 8 9248 .2 1 i 
22 8 26820 .0 20 8 9952.7 6 
25 9 32991 .1 16 10 10235.6 5 
29 31066 .3 33 4 9 5 1 9 . 9 20 
30 9 32532 .7 17 9 10788.6 9 
31 1 30413.2 0 ! 12006.8 0 

Si t e nCa xCa cCa°/0 nMg xMg cMg% 

i 4 18508.7 36 4 64i>4.9 24 
4 10 76788 .7 112 10 6 9 9 4 . 8 ' 
7 5 16855.6 67 5 4 7 4 2 6 . 9 7 
9 3 19482.3 42 3 5866 .3 12 

11 4 32715 .6 48 4 4 6 9 3 . 8 12 
12 3 3 5 7 1 5 . 9 28 3 5440 .1 1 
13 3 6 5 0 6 . 1 15 3 4 0 8 6 . 6 4 
14 3 13487.4 21 3 4 1 9 5 . 7 17 
15 3 8 4 0 7 . 6 1 1 3 4829 .7 1 1 
1 -7 10 1f> 1 0 7 Q 

• » . i « - / . j 

n l , 
l T 

1 A m o r \ O 1 

• 1 10 1f> 1 0 7 Q 
• » . i « - / . j 

n l , 
l T l V £ 1 

18 8 10181.5 42 8 5 2 0 5 . 9 34 
22 8 6 5 7 8 . 4 ?k 8 3825 .0 14 
25 1 11368.9 30 10 5 0 9 K 3 16 
29 4 35743 .6 79 4 4611 .2 19 
30 9 51917 .5 45 9 6149 .3 14 
31 1 11990.2 0 1 4 9 6 6 . 8 0 
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P a t e l l a c o e r u l e a T a b l e 

Heavy Meta l R e s u l t s 

Si t e nZn xZn cZn% nCu xCu cCu% 

1 4 9 0 . 9 0 9 15 4 14.523 39 
4 10 8 9 . 8 2 6 31 10 5 .100 47 
7 5 55 .742 6 5 9 .456 8 
9 3 52 .092 2 3 9 .666 2 

11 4 6 0 . 0 6 9 10 4 5 .388 6 
12 3 62 .201 2 3 6 .361 36 
13 3 4 7 . 6 3 9 1 3 4 . 4 4 7 17 
14 3 4 3 . 0 8 5 32 3 4 . 4 9 4 33 
15 3 6 1 . 4 8 8 19 3 7 .946 22 
17 10 84 768 48 10 8 .720 15 
',8 8 54 .681 16 8 7 .724 30 
22 8 128.035 85 8 9 .440 38 
25 9 99 .560 54 9 5 .530 33 
29 4 7 4 . 0 0 4 30 4 7 . 0 8 6 36 
30 9 191.205 40 9 18.371 15 
31 1 87 .682 0 I 8 .618 0 

Si t e nPb xPb cPb% nCd xCd cCd% 

1 4 31 .576 46 4 3 .468 20 
10 21 .517 29 10 8 .130 55 

7 5 7 9 / . OO 41 5 2 .857 33 
9 3 16.580 13 3 2 . 9 6 9 16 

11 4 35 .848 63 4 7 .588 60 
12 3 19.083 19 3 17 .254 15 
13 3 13.263 19 3 3 .318 16 
14 3 9 .672 47 3 3 .631 26 
15 3 3 0 . 8 7 8 15 3 5 .345 11 
17 10 19 .729 153 10 

O 
4 . 9 9 0 97 

18 O 102 O 1 i .t-i 1 2 i 
22 8 9 . 0 0 9 38 8 13.987 32 
25 9 7 T i n 

/ . / 1 V 
40 1 1 QCn 

1 j . CJw^ 12 
30 9 2 8 . 7 4 4 20 9 15 .769 15 
31 1 13 .174 0 1 19.167 0 
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F i g u r e 10 

P a t e l l a c o e r u l e a t O O p o m 

Z i nc 5 0 p p m 

i • 

i n 

I 
ti. A 

IS 

v 
4 

18 r 

• •J" I 

10 31 

/ V 
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F i gure 11 

P a t e l l a c o e r u l e a 
Copper 

0 ppm 

4.5 ppm 
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F i g u r e 12 

P a t e l l a c o e r u l e a 
L e a d 

30 ppm 

1 2 ppm 
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Pa te l l a c o e r u l e a 9 ppm 

C a d m i u m 4 ppm 

a 

a 
26 
10 

7.8 
24 

23 9,10 12 11 
13 22 

15 14 

Mi 20 

18 
17 18 19 

© 3 3 

30 31 

34 
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Venerup i s d e c u s s a t a T a b l e 

A l k a l i n e and Heavy Meta l R e s i l l t s 

S i t e nNa xNa cNa% nK xk cK% 

8 5 2 9 6 4 1 . 4 1 1 5 1 3 4 1 3 . 4 3 
1 0 5 2 5 2 4 5 . 6 19 5 1 3 3 4 8 . 1 k 

Si t e nCa *Ca cCa% nMg XMg cMg% 

8 5 3 4 8 4 . 6 4 1 5 5 0 8 2 . 0 7 

10 5 4 6 1 8 . 8 29 5 4 4 6 6 . 5 1 

Si t e nZn xZn cZn% nCu xCu CCLI% 

8 5 5 2 . 4 4 9 1 3 5 6 . 6 3 8 6 7 
1 0 5 5 . 3 1 8 3 5 8 . 0 2 6 3 

Si t e nPb *Pb cPb% nCd SCd cCd% 

8 4 3 . 5 6 3 2 4 5 0 . 7 8 2 

1 0 5 3 2 . 3 7 5 3 8 5 4 . 1 9 5 8 
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T e l 1i na d i s t o r t a T a b l e 

A l k a l i n e and Heavy Me ta l R e s u l t s 

Si t e nNa xNa cNa% nK xX cK% 

8 4 2 2 2 2 0 . 9 2 4 12588.6 15 

Si t e nCa SO a cCa% nMg xMg cMg% 

8 4 4348 .3 14 4 3759.2 3 

S i t e nZn KZn cZn% nCu *Cu cCu% 

8 4 58 .182 9 4 19.843 21 

Si t e nPb xPb cPb% nCd xCd cCd% 

8 4 6 .001 55 4 0 . 7 1 9 98 
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M y t i l u s edu1 i s T a b l e 

A l k a l i n e and Heavy Me ta l R e s u l t s 

Si t e nNa xNa cNa% nK xK cK% 

28 10 72377 .1 10 10 13170.7 11 
29 2 77142 .2 9 2 11246.2 c> 

Si t e nCa xCa cCa% nMg xMg cMg% 

28 10 17519.4 32 10 8036 .8 9 
29 2 4 0 0 9 4 . 9 40 2 10868.3 0 

Si t e nZn xZn cZn% nCu xCu cCu% 

28 10 561 .517 22 10 9 .327 18 
29 2 292 .398 6 2 12. 1 10 1 

Si t e nPb xPb cPb% nCd xCd cCd% 

28 10 115.447 37 10 8 . 150 52 
29 2 38 .398 17 2 9 .318 67 
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A r b a c i a l i x u l a 

1nd i v i dua l and t o t a l heavy me ta l r a n k i ngs 

Rank Rank Rank Rank Rank 
S i t e 

Zn Cu Pb Cd To ta 1 

33 1 5 3 8 4 . 2 5 

3 1 10 I 17 2 7 . 5 

5 15 8 1 7 . 5 

1 9 2 2 18 7 . 7 5 

2 18 k I 9 8 

32 2 3 24 k 8 .25 

18 12 a I 1 6 9 .25 

15 22 10 k 5 1 0 . 2 5 

17 7 12 13 10 10 .5 

11 13 1B 6 7 1 1 

19 20 14 / 3 ! i 

21 6 ' 3 16 16 12.75 

23 8 17 14 1 2 1 2 . 7 5 

22 5 15 20 2 1 14 

12 24 2 4 10 11 1 4 . 1 2 

4 11 11 12 2 3 1 4 . 2 5 

16 17 9 19 13 1 4 . 5 

25 4 16 2 1 K) 15.25 

2 4 3 20 22 17 15.5 

20 14 22 15 15 1 6 . 5 

13 25 23 5 16.75 

9 23 1 9 22 18.12 

l i t 16 19 18 2 4 19.25 

6 2 1 21 23 19 21 
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A r b a c i a l i x u l a 
R a n k e d t o t a l h e a v y m e t a l s 

• 

••-< 

T'4 

» , i u 
? ! 

22 

15 
5< 

/ / • 

r .1,5 

/ 
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Pa r a c e n t r o t u s 1 i v i dus Ta b1e 19 

I n d i v i d u a l and t o t a l heavy me ta l r a n k i n g 

Rank Rank Rank Rank Rank 
Si t e 

Zn Cu Pb Cd T o t a l 

1 1 1 1 3 1.5 

32 2 6 3 2 3 .25 

3 8 2 2 1 1 5 .75 

2 3 3 18 4 7 

\k 15 13 4 6 9 . 5 

9 k 7 10 18 9 .75 

3^ 6 8 24 1 9 .75 

21 12 10 13 12 11 .75 

19 19 17 8 5 12.25 

23 21 15 6 8 12.5 

25 16 20 7 7 12.5 

6 9 4 14 24 12.75 

1 7 14 9 2 3 12.75 

15 -7 
/ '2 16 1 7 13 

11 18 16 5 14 13 .4 

30 11 24 12 14 

22 13 9 17 20 14.75 

5 20 20 15 15 

12 10 21 11 19 15.25 

17 14 11 19 22 16.5 

20 23 22 15 10 17 .5 

18 22 18 23 !3 19 

16 17 19 2 ! 21 19.5 

24 24 23 22 16 21 .25 
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F i g u r e 15 

P a r a c e n t r o t u s l i v i d u s 
R a n k e d t o t a l h e a v y m e t a l s 

A ® 2 I n 

2."> 9,10 13 

IB 
2 1 

» 2 0 
! 

/ / : 

/ 30 31 
32 
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P a t e l l a c o e r u l e a T a b l e 

I n d i v i d u a l and t o t a l heavy meta l r a n k i n g 

Si t e 
Rank 

Zn 

Rank 

Cu 

Rank 

Pb 

Rank 

Cd 

Rank 

To ta 1 

30 1 1 k 3 2 .25 

1 k 2 2 13 5.25 

22 2 5 l i t k 6.25 

31 6 7 12 I 6 .5 

12 9 11 8 2 7 .5 

29 8 10 6 6 7 . 5 

15 10 8 3 10 7 .75 

17 7 6 7 ] 1 7 .75 

5 5 B 8 

11 11 13 1 8 .5 

25 3 12 15 5 8 .75 

18 13 9 10 / 9.75 

9 \k 3 9 15 10.25 

13 15 16 11 !/4 11.5 

7 12 k 16 16 12 

\k 16 \5 13 12 
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F i gu re 16 

P a t e l l a c o e r u l e a 
R a n k e d t o t a l heavy m e t a l s 

• 

\ 

\ 

i,.Q 

1 ?1 

r P ,™ 

/ 
- H 

£1 
50 31 
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R e f e r e n c e s 

37) Sheppard , C . R . C . (1976) "The h o l d f a s t sys tem of L a m i n a r i a hyperborea 

(Gunn.) F o s l . and envi ronmenta l m o n i t o r i n g : an e c o l o g i c a l 

s t u d y . " P h . D . t h e s i s , Durham U n i v e r s i t y . 



The D i s c u s s i o n 
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P o i n t s R a i s e d 

In an at tempt to o b t a i n an answer to the q u e s t i o n s i n i t i a l l y posed in 

the i n t r o d u c t i o n and a r i s e n throughout t h i s work, the d i s c u s s i o n of the 

ob ta ined r e s u l t s can be broken down in a number of s e p a r a t e h e a d i n g s , 

t r e a t e d i n d i v i d u a l l y in the f o l l o w i n g c h a p t e r . 

1) I s t h e r e s u f f i c i e n t reason to b e l i e v e the ob ta ined r e s u l t s to 

be a n a l y t i c a l l y a c c u r a t e and s u i t a b l e f o r i n t e r p r e t a t i o n in the 

contex t of t h i s s t u d y ? 

Comparing the ob ta ined r e s u l t s w i t h those of o t h e r w o r k e r s , in 

p a r t i c u l a r those who have a v a i l e d themselves of the same l a b o r a t o r y 

f a c i l i t i e s used throughout t h i s study ( 3 7 , 6 5 f 8 3 ) , they appear to be 

in no way l e s s t r u s t w o r t h y . The spread of the i n d i v i d u a l s i t e read ings 

i s a d m i t t e d l y on the l a r g e s i d e , e s p e c i a l l y in the c a s e of C a l c i u m , in 

the e c h i n o i d s a m p l e s , but t h i s could be e x p l a i n e d both by the p o s s i b i l i t y 

of o c c a s i o n a l s k e l e t a l f ragments f i n d i n g t h e i r way amongst the s o f t 

t i s s u e s dur ing d i s s e c t i o n and by p o s s i b l e v a r i a t i o n in gut c o n t e n t s . 

I n te re lementa1 c o r r e l a t i o n a n a l y s i s , to be d i s c u s s e d below, showed no 

p e r s i s t e n t c o r r e l a t i o n between the a l k a l i n e m e t a l s , C a l c i u m in p a r t i c u l a r , 

and the Heavy Metal v a l u e s , i n d i c a f i n g that T h e " m a t r i x Trite r?VreiTce 

c o r r e c t i o n f a c t o r s used may be c o n s i d e r e d v a l i d . I t i s f e l t , t h e r e f o r e , 

tha t t h e r e i s no reason not to a c c e p t the ob ta ined v a l u e s a s t r u e e s t i m a t e s , 

w i t h i n the a c c u r a c y and p r e c i s i o n of the a n a l y t i c a l t e c h n i q u e , o f the 

d e t e c t a b l e a n a l y t e s w i t h i n the samples . 

2) Are the Heavy Metal v a l u e s o b t a i n e d comparable w i th those c i t e d 

by o t h e r w o r k e r s ? 

A summary of the ob ta ined r e s u l t s toge ther w i t h those p u b l i s h e d by 

o t h e r a u t h o r s i s p resen ted in t a b l e s 21 to 2k. By and l a rge the v a l u e s 

a r e comparab le , though u s u a l l y a t the h i g h e r end of the range , and w i t h 

somewhat g r e a t e r s p r e a d . The l a t t e r might w e l l be caused by the u s e of 
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T a b l e 21 

Heavy Meta l v a l u e s c i t e d i n t h e l i t e r a t u r e f o r A r b a c i a l i x u l a 

i n t h e M e d i t e r r a n e a n b a s i n , i n ppm d r y w e i g h t . Range and ave rages 

( i n p a r e n t h e s e s i f a v a i l a b l e ) 

Area R e f . Zn Cu Pb Cd 

T y r r h e n i a n P r e s e n t 
Bas in S t u d y 

34 - 228 
( 1 0 7 . 6 ) 

k - 11.5 
( 7 . 7 2 ) 

7 . 8 - 7 6 . 7 
( 2 9 . 4 ) 

2 . 1 - 20 .1 
( 1 2 . 2 ) 

Naples Bay (65) 
(Averages f o r 
c l e a n and 
po1 l u t e d s i t e s ) 

76 - 120 7 - 16 .6 21 - 5 8 . 6 i§IP 
S a r o n i c o s (66) 
G u l f 

95 

Mmmm 
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T a b l e 22 

Heavy Meta l v a l u e s c i t e d i n t h e l i t e r a t u r e f o r P a r a c e n t r o t u s l i v i d u s i n 

t h e M e d i t e r r a n e a n b a s i n , i n ppm d r y w e i g h t . Range and ave rages ( i n 

p a r e n t h e s i s i f a v a i l a b l e ) 

Area R e f . Zn Cu Pb Cd 

T y r r h e n i a n P r e s e n t 
B a s i n S tudy 

4 7 . 4 - 226 .1 
( 8 8 . 1 ) 

4 . 3 - 2 0 . 2 
( 8 . 4 ) 

13.2 - 52 .7 
( 2 4 . 1 ) 

3 . 8 - 16 
( 8 . 6 ) 

Nap les Bay (65) 
(Averages f o r 
c l e a n and 
p o l l u t e d 
s i t e s ) 

5 5 . 6 - 122 7 . 6 - 13 .8 20 - 4 2 . 3 m mm* 
• - H \t 

V , " ' . ' ^ 

• w§ mn 
S a r o n i c o s (66) 
G u l f 

54 
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T a b l e 23 

Heavy Meta l v a l u e s c i t e d i n t h e l i t e r a t u r e f o r P a t e l l a c o e r u l e a 

i n European and M e d i t e r r a n e a n w a t e r s . Range and a v e r a g e s ( i n 

p a r e n t h e s e s i f a v a i 

Area R e f . 

a b l e ) . 

Zn Cu Pb Cd 

T y r r h e n i a n P r e s e n t 
B a s i n S tudy 

4 3 . 1 - 191.2 
( 8 0 . 2 ) 

i f .k - 18 .4 
( 8 . 3 ) 

7 .2 - 3 5 . 8 
( 1 8 . 6 ) 

2 . 8 - 19 .2 
( 9 . 3 ) 

I s r a e l i (45) 
Coast 

53 .7 - 86 .7 
( 6 6 . 3 ) 

5 .5 - 11.2 
( 8 . 2 ) mmm 

SW Spa in (64) 
and P o r t u g a l 

90 - 120 
(106) 

5 - 1 0 
( 7 . 7 5 ) 

2 - 16 
( 1 0 . 2 5 ) 

1.1 - 7 .1 
( 4 . 2 ) 

1 r i s h Sea (57) 7 .7 32 

I r i s h Sea (85) 56 - 27k 
02k) 

5 .5 - 22 
( 1 2 . 1 ) 

3 . 5 - 85 
( 7 . 8 ) 

2 . 8 - 35 
( 1 0 . 7 ) 

B r i s t o l (60) 
Channel 

65 - 375 
(193) 

2 - 2 7 
( 8 . 2 ) 

9 - 500 
(127) 

D o r s e t , U.K. (63 ) 8 .1 

Pembs. , U.K. (63 ) 6 

Severn (59) 
Estua r y 

30 - 550 

Loch S u n a r t , (37) 
Weste rn 
Sco t land 
( C o n s i d e r e d c l e a n ) 

66 - 89 
( 7 7 . 7 ) 

k.7 - 3.3 
( 6 . 4 ) 

2 - 9 .2 
( 4 . 5 ) 

0 . 1 5 - 0 . 2 5 
( 0 . 1 9 ) 

S h e t l a n d (37) 76 - 145 
(116) 

k j - 8 . 9 
( 6 . 7 ) 

3 .2 - 7 . 9 
ft; i t i 

U .K . East (86) 
Coast 

y ** * " W , „ 14.3 - 21 

Marsden Bay (83) 
U.K. NE Coast 

143 .1 - 227 .3 
( 1 7 3 . 8 ) 

16 .5 - 19.3 
( 1 7 . 9 5 ) 

16 .7 - 20 . 6 
( 1 3 . 6 ) 

5 . 6 - 7 . 4 
( 6 . 4 ) 



- 88 -

T a b l e 24 

Heavy Meta l v a l u e s c i t e d i n t he l i t e r a t u r e f o r M y t i l u s e d u 1 i s 

i n European w a t e r s , i n ppm d r y w e i g h t . Range and ave rages ( i n 

p a r e n t h e s e s i f a v a i l a b l e ) 

Area Ref Zn Cu Pb Cd 

Ma r s e i 1 l e s 
A rea 

P r e s e n t 
S tudy 

292 - 561 
(423) 

9 - 1 2 
( 1 0 . 5 ) 

38 - 115 
( 7 6 . 5 ) 

8 - 9 
( 8 . 5 ) 

Naples Bay (65) 227 8 56.7 

NW (87) 
Medi t e r r a n e a n 

97 - 644 
(209) 

2 . 3 - 154 
(18) 

2 . 7 - 117 
( 2 1 . 5 ) 

0 . 4 - 5 . 9 
( 1 . 9 ) 

R o v i n i (+) 
J u g o s l a v i a 

SW Spa in and 
P o r t u g a 1 

(64) 190 - 370 
(265) 

6 . 5 - 14 
( 1 0 . 9 ) 

2 - 15 
( 6 . 8 ) 

1.7 - 3 . 6 
(2 .7 ) 

I r i sh Sea (57) 91 9 . 6 9 . 1 5 . 

B r i s t o l 
Channel 

(60) 62 - 250 
(147) 

HHP • 1 - 30 
( 1 0 . 7 ) 

4 - 60 
(18) 

C lyde Sea (5b) 79 - 259 
(155) 

5.7 - 30 
( 1 2 . 5 ) 

b - 33 
( 1 5 . 7 ) 

u.t> - 3 . 5 
( 1 . 8 ) 

N o r t h Sea (+) (89) 
U.K. 

164 - 242 
(194) 

10.3 - 20 
(17) 

15 - 27 
(20) 

2 - 2 .7 
(2 .2 ) 

France (89) 85 15 4 . 8 

Germany (89) 127 79 

Norway (89) 194 23 44 

The N e t h e r l a n d s (89) 

The N e t h e r l a n d s (62) 

Hi e u p o r t 
B e l g i um 

29 - 57 
(40) 

(+) 0 .165 D r y / w e t w e i g h t r a t i o used t o c o n v e r t v a l u e s 
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a s a m p l i n g a rea l a r g e r and more v a r i e d t h a n mos t . The p r i n c i p a l 

d i f f e r e n c e s a r e i n t h e Cadmium v a l u e s f o r P a t e l l a c o e r u l e a ( t a b l e 2 2 ) , 

where a v e r a g e s more t h a n an o r d e r o f m a g n i t u d e g r e a t e r t h a n t h e ones 

o b t a i n e d have been p u b l i s h e d ( 5 9 , 6 0 ) . I t may be kep t i n m i n d , t h o u g h , 

t h a t t h e maximum v a l u e s c i t e d , 500 and 550 ppm, a r e up t o t w e n t y t i m e s 

t h e g e n e r a l l y q u o t e d LD^q v a l u e s ( 1 1 , 7 2 ) , a l b e i t f o r mammals; n e v e r t h e l e s s , 

such h i g h v a l u e s do no t seem t o have been c o n f i r m e d e l s e w h e r e . 

The c o m p a r i s o n h o l d s a l s o f o r t h e M y t i l u s e d u l i s v a l u e s ( t a b l e 23) 

even t h o u g h t h e r e s u l t s a r e h i g h e r t h r o u g h o u t t h a n most o t h e r s c i t e d , 

e s p e c i a l l y t hose (87) c o l l e c t e d f r o m t h e same r e g i o n . I t must be s a i d 

however t h a t musse ls were c o l l e c t e d o n l y f r o m two s i t e s , b o t h c l a i m e d 

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

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

g i v e s no e v i d e n c e a g a i n s t t h e v a l i d i t y o f t h e r e s u l t s . 

3) Do t h e t h r e e p r i n c i p a l s p e c i e s show g e n e r a l l y s i m i l a r d e t e c t a b l e 

Heavy Me ta l c o n t e n t s ? 

Compar ing t h e i n t e r s p e c i f i c i n d i v i d u a l me ta l l e v e l s and T o t a l Heavy 

M e t a l rank i n d i c e s , no d e f i n i t e p a t t e r n seems t o s t a n d o u t . I n some 

i o c a t i o n s t h e t h r e e p r i n c i p a l s p e c i e s show s i m i l a r re1a11ve l e v e l s , 

w h i l e i n o t h e r s t h e y d i f f e r m a r k e d l y . The answer i s t h e r e f o r e n o . 

k) I s t h e r e any o b v i o u s i n d i c a t i o n t h a t i n d u s t r i a l i z e d a r e a s , 

g e n e r a l l y c o n s i d e r e d s u b j e c t t o g r o s s p o l l u t i o n , show h i g h e r l e v e l s 

o f d e t e c t a b l e Heavy M e t a l s i n t h e s p e c i e s under s t u d y t h a n more 

r u r a l a r e a s , g e n e r a l l y c o n s i d e r e d c l e a n e r ? 

Upper T y r r h e n i a n s i t e s seem g e n e r a l l y t o show h i g h c o n c e n t r a t i o n s , 

w h i l e t h e S a r d i n i a n s i t e s a r e g e n e r a l l y l o w e r . On t h e o t h e r h a n d , 

c o m p a r i s o n between t he G u l f o f Nap les and t h e C i l e n t o c o a s t , where t h e 

same s i t e s where used w h i c h Sheppard and B e l l a m y (65) had v i s i t e d i n t h e 

p a s t , no c l e a r g r a d i e n t such as had been n o t i c e d by them was f o u n d , some 

o f t h e s i t e s a l o n g t h e p r e s u m a b l y c l e a n C i l e n t o c o a s t h a v i n g l e v e l s 
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c o n s i d e r a b l y h i g h e r t han t h o s e o f t h e G u l f o f N a p l e s , whose s t a t e o f 

c h r o n i c p o l l u t i o n has by now become a l m o s t p r o v e r b i a l . M a l t a and Cyprus 

samples rank f a i r l y h i g h l y , bu t t h e samples i n t h e s e two a r e a s were no t 

c o l l e c t e d by t h e a u t h o r , and o n l y l i m i t e d i n f o r m a t i o n on t h e human impact 

on t h e s u r r o u n d i n g c o a s t l i n e : i s a v a i l a b l e ; a l s o t h e Cyprus samples were 

no t t r e a t e d i n t h e same manner as t h e r e s t , h a v i n g been d r i e d and s h i p p e d 

i n a l u m i n i u m f o i l p a c k e t s , w h i c h m i g h t have caused some c o n t a m i n a t i o n . 

The l a t t e r r e s u l t s , t h e r e f o r e , t h o u g h p r e s e n t e d as a m a t t e r o f i n t e r e s t , 

s h o u l d be v iewed w i t h some s u s p i c i o n . P o s s i b l y t h e most i n t e r e s t i n g s e t 

o f r e s u l t s a r e t h o s e f r o m t h e E o l i a n I s l a n d s ( s i t e s 16, 17 and 1 8 ) , w h i c h 

show m a r k e d l y h i g h v a l u e s and ranks f o r A r b a c i a 1 i xu1a and P a t e l l a 

coe r u 1 e a , e s p e c i a l l y F i l i c u d i ( s i t e 18) w h i c h i s t h e f u r t h e s t one amongst 

a l l t h o s e i n v e s t i g a t e d f r o m any f o r m o f human i m p a c t , and exposed p r i m a r i l y 

t o o f f s h o r e W t o NEE c u r r e n t s f l o w i n g t h r o u g h t h e S a r d i n i a n Channel w i t h o u t 

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

t h a t d e t e c t a b l e Heavy Meta l c o n t e n t s a r e d i r e c t l y r e l a t e d t o t h e v i c i n i t y 

o f p o l l u t i o n s o u r c e s , t h i s s i t e wou ld t h e r e f o r e have been e x p e c t e d t o 

show t h e l o w e s t l e v e l s t h r o u g h o u t , w h i c h has no t been t h e c a s e . 

C o n s i d e r i n g t h e s e p o i n t s , i t i s f e l t t h a t t h e r e i s no e v i d e n c e i n d i c a t i n g 

t h a t t h e g r o s s r a n k i n g o f Heavy M e t a l l e v e l s i s n e c e s s a r i l y p r o p o r t i o n a l 

t o t h e l o c a l i z e d supposed r e l a t i v e Heavy Me ta l i n p u t . 

5) Does a more d e t a i l e d s t a t i s t i c a l a n a l y s i s o f t h e r e s u l t s p r o v i d e 

any e v i d e n c e o f c o r r e l a t i o n between t h e d e t e c t a b l e Heavy M e t a l 

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

f a c t o r s ? 

Go ing beyond a g r o s s r a n k i n g o f t h e r e s u l t s , a d e t a i l e d s t a t i s t i c a l 

a n a l y s i s o f t h e o b t a i n e d r e s u l t s t o g e t h e r w i t h t h e a v a i l a b l e e n v i r o n m e n t a l 

d a t a was c a r r i e d o u t . Most o f t h e s i t e i n f o r m a t i o n was g rouped i n t h r e e 

c o m p o s i t e i n d i c e s as d e s c r i b e d i n t h e a p p e n d i x 5 , one d e f i n i n g t h e b o t t o m 
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m o r p h o l o g y i n t h e immed ia te s a m p l i n g a r e a , r e f e r r e d t o as BOTTOM, t h e 

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

2 , i n a s i n g l e w e i g h t e d " A p p a r e n t V i s i b l e P o l l u t i o n I n d e x " , r e f e r r e d t o 

as FACTOT, and t h e t h i r d w e i g h i n g t o g e t h e r t h e sho re c h a r a c t e r i s t i c s so 

as t o g i v e a s i n g l e "Human Impact I n d e x " , r e f e r r e d t o as HI I . Mak ing use 

o f t h e SPSS? (84) s t a t i s t i c a l package a v a i l a b l e a t t h e NUMAC-UDCU c o m p u t i n g 

f a c i l i t y , t h e i n d i v i d u a l s i t e / s p e c i e s r e s u l t s , t h e c o m p o s i t e s i t e i n d i c e s , 

t o g e t h e r w i t h some a v a i l a b l e demograph ic and e n v i r o n m e n t a l d a t a were 

s u b j e c t e d t o p a r t i a l c o r r e l a t i o n a n a l y s i s . 

Each s i t e d i d no t n e c e s s a r i l y c o n t a i n a l l o f t h e t h r e e s p e c i e s 

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

P e a r s o n ' s p roduc t -moment c o r r e l a t i o n c o e f f i c i e n t r was used 

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

between x and y w i t h t h e s t a t i s t i c a l i n f l u e n c e o f z removed, i . e . r v w T -

were e x t r a c t e d f o r a l l v a r i a b l e s . Due t o t he l a r g e number o f i n t e r a c t i o n s 

i n v o l v e d , second o r d e r p a r t i a l c o r r e l a t i o n s - i . e . r - were e x t r a c t e d 
r x y . z w 

o n l y t h e r e where undue u n c e r t a i n t i e s p e r s i s t e d . 

C o r r e l a t i o n s w h i c h were l o g i c a l l y s p u r i o u s o r w h i c h c o u l d be a c c o u n t e d 

f o r by p a r t i a l c o r r e l a t i o n were e l i m i n a t e d , and due t o t h e somewhat 

l i m i t e d number o f cases and t h e p o s s i b i 1 i t y o f i n a c c u r a c i e s b e i n g i n t r o d u c e d 

by non -no rma l d i s t r i b u t i o n o f v a l u e s , o n l y c o r r e l a t i o n s w i t h r > 0 . 4 

and p > 0 . 0 5 were t a k e n i n t o c o n s i d e r a t i o n . The s u r v i v i n g c o r r e l a t i o n 

c o e f f i c i e n t s w i t h t h e i r l e v e l s o f s i g n i f i c a n c e a r e summar ized i n t a b l e s 

2 5 , 26 and 2 7 . 

As can be s e e n , v a l i d c o r r e l a t i o n s between Heavy Me ta l c o n t e n t s and 

e n v i r o n m e n t a l v a r i a b l e s were b o t h s c a r c e and i n c o n s i s t e n t . No c o r r e l a t i o n 

was f ound between t h e E h r h a r d t S c a l e i ndex FACTOT and any o f t h e 

Heavy M e t a l s , and t h e appea rance o f n e g a t i v e c o r r e l a t i o n c o e f f i c i e n t s 

between Z i n c and ESTPOLL i n A r b a c i a l i x u l a and between Cadmium and 
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A r b a c i a l i x u l a T a b l e 25 

S u r v i v i n g c o r r e l a t i o n m a t r i x n = 2k 

Mm-. 

X''*/'•'''tiff.,'. ••/•^.^s '• % 

mmwm 

MS'*** 1***? 

mmmmm 

oil i VtXfg *, •„, £;. £ i~gw 

Boxed c o r r e l a t i o n s appear o n l y when remov ing t h e 

i n f l u e n c e o f e lemen t i n uppe r r i g h t c o r n e r o f box . 
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P a r a c e n t r o t u s l i v i d u s T a b l e 26 

S u r v i v i n g c o r r e l a t i o n m a t r i x n - 2k 

mmiwm 
ESTPOLL 

tarn . 

mmmm 
FACTOT 

BOTTOM 

1 ^ ' 

mmmm 
i ••>.'„•>* 

3 
v 7 n 

••- :::> 

**** 

Boxed c o r r e l a t i o n s appea r o n l y when remov ing t h e 

i n f l u e n c e o f e lemen t i n uppe r r i g h t hand c o r n e r o f box . 
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P a t e l l a c o e r u l e a T a b l e 27 

16 S u r v i v i n g c o r r e l a t i o n mat r ix 

xCu xPb xCd xZn 

POP 
we 

.67 ESTPOLL 

INLEV 

» 5 7 FACTOT 

BOTTOM 

4 

HI I 

xNa 

i 3*1 .* ' w xK 1 
xCa 

xMg 

xZn 

+ .71 xCu A/A 
( .001) 

8 xPb 

QB! 
xCd 
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ESTPOLL i n P a t e l l a c o e r u l e a a r e d i f f i c u l t to j u s t i f y in terms of e n v i r o n ­

mental i n s u l t to the s p e c i e s , except p o s s i b l y through the r a t h e r t o r t u o u s 

argument that an i n c r e a s e in p o l l u t i o n load i n a g iven a r e a might a f f e c t 

the r e s i d e n t s p e c i e s ' e x c r e t o r y c a p a c i t i e s . Such an argument , a t any r a t e , 

would need f a r more and w e i g h t i e r e v i d e n c e than a v a i l a b l e i n i t s f a v o u r . 

In these c o n d i t i o n s , the two p o s i t i v e c o r r e l a t i o n s d e t e c t e d , Lead w i t h POP 

f o r A r b a c i a l i x u l a and Copper w i t h INLEV f o r P a r a c e n t r o t u s l i v i d u s , remain 

worthy o f note but can h a r d l y be c o n s i d e r e d c o n c l u s i v e f o r the purposes 

o f t h i s s t u d y . 

What does stand o u t , i s the r e l a t i v e l y p e r s i s t e n t c o r r e l a t i o n between 

BOTTOM and a number of Heavy M e t a l s . The index i n q u e s t i o n i s a 

geomorphological r a t h e r than a geochemical o n e , and t h e r e f o r e a c o n n e c t i o n 

between i t and the Heavy Metal content o f the two e c h i n o i d s i s not 

immediate ly o b v i o u s . One p o s s i b i l i t y f o r which a sandy o r s i l t y bottom 

might be connected w i t h h igher v a l u e s than a rocky one could be t h a t f i n e 

p a r t i c u l a t e m a t e r i a l , d e p o s i t e d on the a l g a e on which the two s p e c i e s f e e d , 

may be an important v e h i c l e fo r metal i n t a k e , and that t h e r e f o r e a g r e a t e r 

p r e s e n c e of such m a t e r i a l would cor respond to a p r o p o r t i o n a l l y g r e a t e r 

metal "content . Thoug'H W t " "to'faTly i"mp"lausi"ble, t h i s " theory-would — 

a l s o r e q u i r e c o n s i d e r a b l y more e v i d e n c e than a v a i l a b l e be fore be ing taken 

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

In the l i g h t of t h e s e r e s u l t s , i t i s f e l t tha t i n s u f f i c i e n t e v i d e n c e 

i s p rov ided f o r a c o r r e l a t i o n between Heavy Metal content and v a r i a b l e s 

depending on human impact , and o n l y i n c o n c l u s i v e e v i d e n c e f o r a c o r r e l a t i o n 

between the Heavy Metal v a l u e s and the one s t u d i e d v a r i a b l e not so dependent , 

bottom morphology. 
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6) On the same c o n s i d e r a t i o n s as the p r e v i o u s h e a d i n g , i s t h e r e 

any e v i d e n c e tha t the measured Heavy Metal l e v e l s a r e i n any way 

c o r r e l a t e d w i t h i n t e r n a l , i . e . non-env i ronmenta1 , v a r i a b l e s ? 

As can be seen in t a b l e s 25 to 2 7 , a type of c o r r e l a t i o n which 

does appear in a l l s p e c i e s i n v e s t i g a t e d i s that between d i f f e r e n t metal 

c o n t e n t s . P e r s i s t e n t p o s i t i v e c o r r e l a t i o n s between heavy and a l k a l i n e 

meta ls might be taken as i n d i c a t i n g an i n s u f f i c i e n t c o r r e c t i o n f o r Atomic 

A b s o r p t i o n Spect rometry mat r i x i n t e r f e r e n c e . Sheppard (90) found 

g e n e r a l l y p o s i t i v e c o r r e l a t i o n s between heavy meta ls and C a l c i u m and 

Magnesium, and n e g a t i v e c o r r e l a t i o n s w i t h Sodium and Potass ium s t u d y i n g 

the same s p e c i e s t r e a t e d here and c o l l e c t e d in and around the Bay of N a p l e s , 

and he t e n t a t i v e l y e x p l a i n e d them a s r e s u l t o f the d i s t u r b a n c e of the 

o r g a n i s m ' s i n t r a c e l l u l a r i o n i c b a l a n c e caused by the e f f e c t of t o x i c meta ls 

on membrane p e r m e a b i l i t y . No such c o n s i s t e n t r e s u l t s were found in 

the data a t hand, and i t can be seen from t a b l e 2 5 , r e f e r r i n g to A r b a c l a 

1 i x u l a , tha t the o n l y p e r s i s t e n t c o r r e l a t i o n between heavy and a l k a l i n e 

meta ls a r e those between Lead and P o t a s s i u m , which i s indeed n e g a t i v e , 

and between Sodium and Z i n c , which i s i n s t e a d p o s i t i v e . Both a r e absent 

in the o t h e r two s p e c i e s . I t can a l s o be seen that the removal o f the 

s t a t i s t i c a l i n f l u e n c e o f Lead makes a r e l a t i v e l y s t r o n g p o s i t i v e c o r r e l a t i o n 

appear between Copper and P o t a s s i u m . T h i s removal a l s o b r i n g s about a 

n e g a t i v e c o r r e l a t i o n between Z i n c and Copper , w h i l e the removal of the 

s t a t i s t i c a l i n f l u e n c e of Potass ium b r i n g s out a r e l a t i v e l y s t rong p o s i t i v e 

c o r r e l a t i o n between Lead and Copper . T h i s seems to i n d i c a t e a s e t of 

m u l t i p l e c r o s s i n t e r f e r e n c e s , a t l e a s t between L e a d , Copper , Z i n c and 

P o t a s s i u m . These may e i t h e r be dependent on the a n a l y t i c a l t e c h n i q u e , in 

which c a s e s y n e r g i s t i c and a n t a g o n i s t i c i n t e r f e r e n c e f a c t o r s , both f o r 

a l k a l i n e and f o r Heavy M e t a l s , would have to be a l l o w e d f o r as w e l l as the 

normal ly c o n s i d e r e d Matr ix I n t e r f e r e n c e c o r r e c t i o n s o r e l s e might be 
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dependen t on p h y s i o l o g i c a l p r o c e s s e s i n t h e o r g a n i s m s unde r t e s t a f f e c t i n g 

t h e i r me ta l r e t e n t i o n c h a r a c t e r i s t i c s , and w h i c h wou ld be u n l i k e l y t o 

be i d e n t i f i e d w i t h a who le body c o n t e n t measurement . What appea rs t o 

c o n f i r m t h e f i r s t p o s s i b i l i t y w i t h o u t e x c l u d i n g t h e second i s t h e f a c t t h a t 

i n t he o t h e r two s p e c i e s i n v e s t i g a t e d p e r s i s t e n t c o r r e l a t i o n s , a l b e i t 

p o s i t i v e , appear between Z i n c and Copper ( b o t h f o r P a r a c e n t r o t u s l i v i d u s 

and f o r P a t e l l a c o e r u l e a ) and Zi nc and Lead ( o n l y i n Pa r a c e n t r o t u s 1i v i d u s ) . 

I t i s s u g g e s t e d , t h e r e f o r e , t h a t t he p o s s i b i l i t y o f t h e e x i s t e n c e o f such 

m u l t i f a c t o r i n t e r f e r e n c e s , i n v o l v i n g heavy as w e l l as a l k a l i n e m e t a l s 

and h a v i n g a s i g n i f i c a n t e f f e c t on a n a l y t i c a l r e s u l t s , s h o u l d be t a k e n 

i n t o c o n s i d e r a t i o n . A d m i t t e d l y , f u r t h e r t e s t s u s i n g known s t a n d a r d s wou ld 

be r e q u i r e d t o p roduce a c o n c l u s i v e c o n f i r m a t i o n . 

7) On t h e b a s i s o f t h e p r e c e d i n g h e a d i n g s , i s t h e r e any e v i d e n c e 

t h a t t h e measurement o f t o t a l Heavy Me ta l c o n t e n t i n t h e s p e c i e s 

under o b s e r v a t i o n i s a s i g n i f i c a n t i ndex o f t h e human impac t 

i n t h e a rea and t h e r e f o r e , by i n f e r e n c e , o f Heavy Meta l c o n t a m i n a t i o n 

o f t h e s p e c i e s ' immed ia te e n v i r o n m e n t ? 

As d e s c r i b e d a b o v e , t h e r e seems t o be no c o n c l u s i v e e v i d e n c e t owa rds 

a s i g n i f i c a n t r e l a t i o n between t o t a l Heavy Me ta l Content a n d flf ttlBT 

e n v i r o n m e n t a l o r human impac t c h a r a c t e r i s t i c s o f t h e s a m p l i n g s i t e , no r 

w i t h s t a t e s o f p o l l u t i o n i n f e r r e d f r o m g e o g r a p h i c a l and demograph ica1 

c o n s i d e r a t i o n s . Whether o r no t t h e s e c h a r a c t e r i s t i c s n e c e s s a r i l y i m p l y an 

a l t e r a t i o n o f t h e l e v e l s o f a s s i m i l a b l e Heavy M e t a l s i n t h e s p e c i e s ' e n v i r o n m e n t 

i s , o f c o u r s e , an u n p r o v e n i n f e r e n c e as f a r as t h i s s t u d y i s c o n c e r n e d . 

The d e t e c t i o n o f s i g n i f i c a n t c o r r e l a t i o n s m i g h t have been t a k e n as p a r t i a l 

e v i d e n c e o f i t , bu t t h e i r a b s e n c e , w h i l e l e a v i n g a v e r d i c t o f no t p r o v e n , 

does not n e c e s s a r i l y r u l e i t o u t . The i n d i c a t i o n , on t h e o t h e r h a n d , 

t h a t t h e d e t e c t a b l e Heavy Me ta l l e v e l s m i g h t depend t o a l a r g e e x t e n t on 

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



- 98 -

t h e a n a l y t i c a l t e c h n i q u e , r a i s e s c o n s i d e r a b l e d o u b t s on t h e u s e f u l n e s s 

o f the e n t i r e p r o c e d u r e . 

I t i s f e l t , t h e r e f o r e , t h a t t h e method o r i g i n a l l y s u g g e s t e d , u s i n g 

t o t a l Heavy Meta l c o n t e n t measurements i n t h e t h r e e s p e c i e s i n v e s t i g a t e d 

f o r t he pu rpose o f m o n i t o r i n g t h e Heavy Me ta l p o l l u t i o n o f t h e i r e n v i r o n m e n t , 

i s t o be c o n s i d e r e d u n s a t i s f a c t o r y . 

8 ) On t h e e v i d e n c e p r e s e n t e d , i s t h e r e any i n d i c a t i o n t h a t t h e t e c h n i q u e 

used c o u l d be a l t e r e d so as t o g i v e more v a l i d r e s u l t s ? 

T h r o u g h o u t t h e s t u d y , t he f o l l o w i n g p o i n t s were r e c o g n i z e d as 

weaknesses o r p o t e n t i a l causes o f e r r o r : 

a ) I n s u f f i c i e n t sample s i ; : e . 

R e g a r d l e s s o f t he l a r g e t o t a l number o f samples c o l l e c t e d , and due 

p r i n c i p a l l y t o t h e need t o b u l k t h e s m a l l e r i n d i v i d u a l s , t he a c t u a l number 

o f v a l u e s a v a i l a b l e pe r s i t e was f r e q u e n t l y t o o sma l l t o g i v e f u l l c o n f i d e n c e 

i n t he subsequen t s t a t i s t i c a l a n a l y s i s , mak ing n e c e s s a r y t he r e l a t i v e l y 

seve re l i m i t s o f a c c e p t a b i l i t y d e s c r i b e d under h e a d i n g 5 . As m e n t i o n e d 

p r e v i o u s l y , Sheppard and Be l l amy (65) used a f a r l a r g e r sample s i z e , and 

i t i s p o s s i b l e t h a t had t h i s been done i n t h i s s t u d y , s i m i l a r t r e n d s m i g h t 

have been o b s e r v e d . On t h e o t h e r h a n d , a g r e a t e r sample s i z e wou ld have 

meant a c o r r e s p o n d i n g l y g r e a t e r number o f samples t o p r e p a r e and a n a l y z e , 

and as a l r e a d y t h e number d e a l t w i t h p roved t o be a c o n s i d e r a b l e s t r a i n 

on a v a i l a b l e r e s o u r c e s o f t i m e and f a c i l i t i e s , t h e q u e s t i o n a r i s e s w h e t h e r 

such an i n c r e a s e w o u l d , i n t h e p r e s e n t c o n d i t i o n , p rove i t s e l f w o r t h y o f 

t h e e f f o r t . 

b) E x c e s s i v e t i m e r e q u i r e m e n t s . 

A d m i t t e d l y more t i m e was a c t u a l l y consumed i n e x p e r i m e n t i n g w i t h t h e 

d e s c r i b e d m ic rowave d i g e s t i o n t e c h n i q u e ( 6 7 ) , s u b s e q u e n t l y abandoned , t h a n 

w i t h t h e a c t u a l a n a l y s i s , and t h e d e s c r i b e d p r e p a r a t o r y t e c h n i q u e e v e n t u a l l y 

used was one known t o be h i g h l y t i m e c o n s u m i n g , bu t as one o f t h e o r i g i n a l 
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p u r p o s e s o f t h i s s t u d y was t o d e v e l o p a method c a p a b l e o f p r o d u c i n g r e s u l t s 

w i t h i n a r e a s o n a b l y s h o r t t i m e a f t e r t h e s a m p l i n g , i t can o n l y be s a i d 

t h a t t he t e c h n i q u e used does no t s a t i s f y t h i s r e q u i r e m e n t t h o u g h i t m i g h t 

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

sample p r e p a r a t i o n and a n a l y s i s . One such m e t h o d , r e c e n t l y appeared 

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

o f t h e s a m p l e , o b v i a t i n g t h e need f o r e l a b o r a t e sample p r e p a r a t i o n s , and 

Zeeman E f f e c t A t o m i c A b s o r p t i o n S p e c t r o m e t r y , bu t no such f a c i l i t i e s were 

a v a i l a b l e a t t h e t i m e o f t h e s t u d y ( 9 1 , 12, 1 3 ) . 

c ) U n c e r t a i n t i e s abou t u s e f u l n e s s o f r e s u l t s . 

The d o u b t s r a i s e d c o n c e r n i n g t h e e x a c t c o r r e s p o n d e n c e between d e t e c t e d 

m e t a l l e v e l s and m e t a l c o n t e n t o f t he a n a l y z e d o r g a n i s m ' s immed ia te 

e n v i r o n m e n t r e m a i n , and a r e l i k e l y t o remain even i f i t were p o s s i b l e t o 

a n a l y z e a s u f f i c i e n t l y l a r g e number o f samples i n a s u f f i c i e n t l y s h o r t 

t i m e i n t e r v a l . 

I t i s f e l t , t h e r e f o r e , t h a t any s i m p l e a l t e r a t i o n o f t h e a p p l i e d 

t e c h n i q u e wou ld be u n l i k e l y t o s i g n i f i c a n t l y improve t h e v a l i d i t y o f 

t h e r e s u l t s , a goa l w h i c h wou ld be bes t reached t h r o u g h a f a i r l y 

f undamen ta l r e v i s i o n o f t h e e n t i r e e x p e r i m e n t a l p r o c e d u r e . 

9) Amongst t h e i n f o r m a t i o n o b t a i n e d t h r o u g h o u t t h e s t u d y , i s t h e r e 

e v i d e n c e o f any o t h e r f a c t o r no t i n v o l v i n g t h e t o t a l Heavy Me ta l 

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

t h e pu rpose o f e n v i r o n m e n t a l m o n i t o r i n g a l o n g t h e p r e m i s e s o f t h i s 

s tudy? 

Bes ides t h e t h r e e m a t r i c e s t r e a t e d so f a r . a f o u r t h one was p r o d u c e d , 

i n v o l v i n g o n l y t he s i t e - d e p e n d e n t v a r i a b l e s l i s t e d i n t a b l e 2 8 , and 

d e s c r i b e d i n t a b l e s k, 6 ,7 and a p p e n d i c e s 2 and 5 , w h i c h combined a l l 

s i t e s f r om w h i c h such d a t a was a v a i l a b l e , i r r e s p e c t i v e o f t h e s p e c i e s 

t h e r e c o l l e c t e d . T h i s was s u b j e c t e d t o t h e same s t a t i s t i c a l a n a l y s i s as 



L i s t i ng o f t h e Envi Torment 5 1 Ma r i a b l es used in t h e S t a t i s t i c a l A n a l y s " s o f t h e R e s u l t s 

SITE POP ESTPOLL INLEV TECHFK RECHFR FACTOT BOTTOM HI 1 

1 8 3 5 5 5 38 26 3 2 

2 8 3 5 5 4 6 7 27 
3 3 3 5 5 7 9 45 ! 1 
4 4 3 5 t, 1 56 30 37 
5 2 1 1 3 k 2 1 45 1 7 
6 2 1 1 3 3 0 50 13 

7 6 5 c 0 0 35 2 1 

9 8 5 1 2 48 35 40 
1 1 8 5 1 5 2 29 35 15 
12 4 2 1 5 20 35 28 
13 2 2 1 4 16 35 7 
14 2 2 1 !•: t» 46 37 23 
15 2 2 1 L 5 29 35 1 5 
1 6 2 1 1 c 0 0 30 7 
17 2 1 1 4 k 3 4 30 17 
1 8 2 1 1 5 5 6 37 7 
1 9 5 2 1 l | 3 1 35 33 
20 1 1 1 2 5 2 3 35 17 
2 1 1 1 1 2 5 3 37 7 
22 3 1 L 3 36 30 47 
2 3 1 1 1 5 6 C 35 10 
24 2 1 1 3 5 37 35 43 
25 1 1 1 ii 4 25 35 22 
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t h e p r e c e d i n g o n e s , and t h e s u r v i v i n g c o r r e l a t i o n s appea r i n t a b l e 2 9 . 

The p e r s i s t e n t c o r r e l a t i o n between ESTPOLL and POP c o u l d be e x p e c t e d , as 

ESTPOLL i t s e l f i s c a l c u l a t e d by a d d i n g t he i n d u s t r i a l p o p u l a t i o n - e q u i v a l e n t 

t o t h e a c t u a l p o p u l a t i o n d e n s i t y , POP. The p e r s i s t e n t c o r r e l a t i o n between 

RECHFR and TECHFR, t h e e c h i n o i d f r e q u e n c y i n d i c e s , and BOTTOM i s a l s o 

no t s u r p r i s i n g , as i t i s w e l l known and u s u a l l y n o t i c e a b l e t h a t A r b a c i a 

1 i x u l a i s b o t h more common i n e x t r e m e l y r ocky e n v i r o n m e n t s and more 

t o l e r a n t o f h i g h e r p o p u l a t i o n d e n s i t i e s t h a n P a r a c e n t r o t u s l i v i d u s ( 5 2 ) . 

The one p e r s i s t e n t c o r r e l a t i o n w o r t h y o f n o t i c e i s t h e one between 

HI I and FACTOT. K e e p i n g i n mind t h a t t h e o r i g i n a l E h r h a r d t s c a l e ( 6 8 , 

a p p e n d i c e s 2 and 5 ) was based on e m p i r i c a l c o n s i d e r a t i o n s and drawn up 

p u r e l y i n v i e w o f o r g a n i c p o l l u t i o n , i . e . sewage, i t i s i n t e r e s t i n g t o 

n o t e t h a t t h e r e seems t o be such a r e l a t i v e l y s t r o n g c o r r e l a t i o n between 

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

c o m p o s i t e i n d e x HI I w h i c h c o m p r i s e s no t o n l y human a b i t a t i o n s , but 

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

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

I t i s s u g g e s t e d , t h e r e f o r e , t h a t t h e use o f such c o m p o s i t e i n d i c e s , 

d e f i n i n g i n much q i c d L e i d e t a i l t h a n he re b o t h t he v i s i b l e env i rorirnenta 1 

c h a r a c t e r i s t i c s o f an a rea and t he communi ty s t r u c t u r e o f i t s fauna and 

f l o r a , c o u l d p r e s e n t a much more u s e f u l and r e l i a b l e method o f e n v i r o n m e n t a l 

m o n i t o r i n g t h a n t h e d e t e c t i o n and measurement o f r e t a i n e d i n d i v i d u a l 

p o l l u t a n t s . 
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S i t e d a t a T a b l e 

S u r v i v i n g c o r r e l a t i o n m a t r i x n = 2 5 

POP FACTOT BOTTOM TECHFR 

ESTPOLL + . 8 9 

( . 0 0 1 ) 

P&jS&Kxt 4 
tym**!'?} • 

HI 1 + . 6 3 
( . 0 0 1 ) 

+ . 7 9 
( . 0 0 1 ) 

, ./.*,':.. ' p: '>..•» 
ism/*;;*'®' * 

RECHFR + . 6 8 

( . 0 0 1 ) 

+ . 7 8 

( . 0 0 1 ) 
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The C o n c l u s i o n s 

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

a s w e l l a s the prob lems, which have cropped up throughout t h i s s t u d y . 

What s o r t o f a n s w e r s , t h e r e f o r e , can one g i v e to the o r i g i n a l q u e s t i o n s 

r a i s e d in the i n t r o d u c t i o n , and what c o n c l u s i o n s can be drawn from them, 

both in r e s p e c t to the s t u d y ' s s p e c i f i c scope and to the wider a s p e c t s of 

env i ronmenta l mon i to r ing? 

As f a r as the t h r e e i n i t i a l t e c h n i c a l problems a r e c o n c e r n e d , the 

r e s u l t s a r e a lmost e n t i r e l y n e g a t i v e . The a n a l y t i c a l techn ique s t u d i e d , 

i n v o l v i n g microwave sample d i g e s t i o n , proved i t s e l f t o t a l l y i n a d e q u a t e , 

and the a n a l y s i s had e v e n t u a l l y to be c a r r i e d out u s i n g the procedure I t 

was meant to r e p l a c e . On the o t h e r hand the use of amateur d i v e r s fo r 

the purpose of c o l l e c t i n g samples and in fo rmat ion was by and l a r g e v i n d i c a t e d , 

even though most of the sampl ing was in p r a c t i c e c a r r i e d out by the a u t h o r . 

When c o n t a c t s were made w i th l o c a l d i v e r s and d i v i n g o r g a n i z a t i o n s , he lp 

proved i t s e l f both for thcoming and u s e f u l , and t h e r e i s e v e r y reason to 

b e l i e v e tha t s i m i l a r o r more complex work, assuming an adequate p lann ing and 

exper imenta l d e s i g n , could be c a r r i e d out by them w i t h o n l y e lementary 

s c i enti - f i e- t-ra i-n i ng-and—1-i-t-t-l e - o r -no sci-ent-i-f-i c -supervi-si on-;—Unfortunate-!y> 

the techn ique u s e d , v i z . the c o l l e c t i o n and a n a l y s i s of the e e h i n o l d s 

A r b a c i a 1 I x u l a and Pa r a c e n t r o t u s 11vl dus and the gas t ropod P a t e l l a c o e r u l e a , 

d id not prove i t s e l f o f any d e f i n i t e v a l u e towards the moni tor ing o f Heavy 

Metal v a l u e s , v o i d i n g t h e r e f o r e the u s e f u l n e s s of the sampl ing s t r a t e g y 

wi thout n e v e r t h e l e s s touch ing upon the v a l i d i t y of the sampl ing method. 

The f a i l u r e of the a c t u a l moni tor ing par t o f the s tudy d id not seem to 

depend so much on the inadequacy of the s p e c i e s i n v e s t i g a t e d , a s from the 

u n c e r t a i n t i e s sur round ing the v a l u e of such an i n v e s t i g a t i o n a s a too l f o r 

envi ronmenta l m o n i t o r i n g . Whi le i t can be expected that the p r e s e n c e of 

contaminants i n the environment w i l l have some e f f e c t on I t s I n h a b i t a n t s , 
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and that the accumula t ion of s a i d contaminants i n the organ isms in 

q u e s t i o n i s one of the most l i k e l y of these e f f e c t s , t h e i r use as 

env i ronmenta l i n d i c a t o r s depends e n t i r e l y on the i n v e s t i g a t o r ' s a b i l i t y 

to measure these e f f e c t s w i t h s a t i s f a c t o r y a c c u r a c y and p r e c i s i o n , and 

to r e l a t e the ob ta ined measurements w i t h e i t h e r the genera l s t a t e of 

the env i ronment , o r w i t h one o r more s p e c i f i c f a c t o r s a f f e c t i n g i t . The 

assumpt ion that these two c o n d i t i o n s were s a t i s f i e d l i e s a t the base of 

most work c a r r i e d out up to now u s i n g i n d i c a t o r organism a n a l y s i s , 

n e v e r t h e l e s s s e v e r a l workers have in r e c e n t y e a r s e x p r e s s e d some doubts 

on the m a t t e r , doubts which a r e shared by the a u t h o r . 

F i r s t , t h e r e i s the q u e s t i o n whether or not the d e t e c t e d metal content 

i s n e c e s s a r i l y p r o p o r t i o n a l to tha t p r e s e n t i n the env i ronment . Boyden ( 9 4 ) 

has shown s i g n i f i c a n t r e l a t i o n s h i p s between Heavy Metal c o n c e n t r a t i o n s and 

body weight in m o l l u s c s , and W i l l i a m s o n ( 9 5 ) , working w i th t e r r e s t r i a l 

gas t ropods , found that the Cadmium body burden of the animal i n c r e a s e d 

w i t h a g e , but tha t w i t h i n any y e a r c l a s s the c o n c e n t r a t i o n s were lower in 

l a r g e r a n i m a l s . N e i l s e n ( 9 6 ) found d i f f e r e n c e s i n Heavy Metal c o n c e n t r a t i o n s 

in c u l t u r e d m u s s e l s o r i g i n a t i n g a t d i f f e r e n t depths w i t h i n the same a r e a , 

s u g g e s t i n g that even long-term accumula t ion of t o x i c o i d s cou ld be strongly-

a f f e c t e d by such f a c t o r s as t r a n s p o r t and water column m i x i n g . Moreover, 

o t h e r workers have de tec ted and d e s c r i b e d a n t a g o n i s t i c and s y n e r g i s t i c 

e f f e c t s on Heavy Metal t o x i c i t y both by o t h e r meta ls ( 9 7 » 13.) and by 

o r g a n i c p o l l u t a n t s such as sewage and d e t e r g e n t s ( 1 5 ) . I t may be added 

t h a t , s i n c e most Heavy Metal c a p t u r e w i t h i n an o r g a n i s m ' s metabol ism takes 

p l a c e a t enzyme l e v e l ( 1 0 , 1 1 ) , t h e r e i s a d i s t i n c t p o s s i b i l i t y that one 

p o l l u t a n t ' s e f f e c t could b e , amongst o t h e r s , an a l t e r a t i o n of another p o l l u t a n t ' 

r e t e n t i o n . I t can be s e e n , t h e r e f o r e , tha t t h e r e a r e v a l i d reasons f o r 

doubt ing tha t the o r g a n i s m ' s metal content a c t u a l l y m i r r o r s I t s c o n c e n t r a t i o n 

in the env i ronment , as i t may be a f f e c t e d by a c o n s i d e r a b l e number of e x t e r n a l 
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and i n t e r n a l v a r i a b l e s , g e n e r a l l y not taken i n t o c o n s i d e r a t i o n . 

S e c o n d l y , the q u e s t i o n a r i s e s on whether the o r g a n i s m ' s metal c o n t e n t , 

assuming tha t i t can be c o n s i d e r e d in a meaningful c o n t e x t , can be measured 

w i t h s a t i s f a c t o r y a c c u r a c y and p r e c i s i o n . There i s no shor tage of 

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

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

has f r e q u e n t l y been q u e r i e d ( e g . 9 8 ) , and the l i m i t e d c o m p a r a b i l i t y of 

Lead and Cadmium r e s u l t s have been o f f i c i a l l y recognized ( 9 9 ) . F i n a l l y , 

i t appears t h a t the a c t u a l chemica l s p e c i e s i n which the metal a p p e a r s , 

i s a b s o r b e d , and i s r e t a i n e d could be a s important i f not more so than 

the t o t a l q u a n t i t y p r e s e n t ( 1 0 0 , 2 0 ) . A n a l y t i c a l t e c h n i q u e s have been 

suggested f o r chemica l s p e c i a t i b n of t r a c e m e t a l s (71 ,19 ) but t h e i r c o s t 

and c o m p l e x i t y , toge ther w i t h the f a c t t h a t such a n a l y s e s w i l l r e q u i r e 

s t a n d a r d s of a c c u r a c y and r e p e a t a b i l i t y even h i g h e r than those which a r e 

pos ing d i f f i c u l t i e s nowadays, a r e f e l t to be u n l i k e l y e i t h e r to become 

v e r y w i d e s p r e a d , o r to g i v e r e s u l t s s i g n i f i c a n t l y more v a l i d than the 

ones c u r r e n t l y o b t a i n e d ( 9 8 ) . 

On these c o u n t s , together w i t h the u n c e r t a i n t i e s a r i s e n throughout 

t h i s s t u d y , the au thor f e e l s tha t the s imple measurement of Heavy Metal 

content of i n d i c a t o r organisms i s u n l i k e l y to produce r e s u l t s commensurate 

w i t h the d i f f i c u l t i e s i n c u r r e d in o b t a i n i n g them. 

As mentioned in the i n t r o d u c t i o n , the a n a l y t i c a l pathway towards 

env i ronmenta l moni tor ing had been chosen due to the absence i n the 

Medi te r ranean b a s i n of s p e c i e s u s e f u l l y comparable to the L a m i n a r i a c e a e 

which had shown t h e i r worth i n the North S e a . The community a n a l y s i s 

pathway, not depending on any s i n g l e parameter but making u s e of the combined 

response of the e n t i r e a f f e c t e d e c o s y s t e m , would a v o i d most of the 

problems d e s c r i b e d above though, to be s u r e , not wi thout p r e s e n t i n g 

d i f f i c u l t i e s of i t s own. A n a l y z i n g the community s t r u c t u r e of a c h a r a c t e r i s t i c 
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sample o f b e n t h o s , and even more so t h e v e r y l a r g e number o f samples 

r e q u i r e d i n t h i s c a s e , i s n e i t h e r easy no r f a s t , and u s u a l l y i n v o l v e s a 

l a r g e amount o f none t o o easy i d e n t i f i c a t i o n s o f m i c r o f l o r a and m i c r o f a u n a , 

g e n e r a l l y r e q u i r i n g h i g h l y s k i l l e d p e r s o n n e l and abundan t t i m e . I f , 

however , t h e use o f c o m p o s i t e d i a g n o s t i c i n d i c e s , as t e n t a t i v e l y pu t i n t o 

p r a c t i c e i n t h i s s t u d y , were t o p r o v e i t s e l f a d e q u a t e f o r t h e p u r p o s e , such 

d i f f i c u l t i e s wou ld l a r g e l y d i s a p p e a r . The E h r h a r d t s c a l e l i m i t s i t s e l f t o 

a dozen d i a g n o s t i c f a c i e s , i d e n t i f i a b l e even by a s u r f a c e o b s e r v e r . A 

s c a l e o f c o n s i d e r a b l y g r e a t e r d e t a i l wou ld be w e l l w i t h i n t h e c a p a c i t y o f 

an a v e r a g e amateur d i v e r t o make use o f , whose a b i l i t y i n i d e n t i f y i n g 

l o c a l m a c r o o r g a n i s m s , i f o n l y by t h e i r v e r n a c u l a r names, i s f r e q u e n t l y 

s u r p r i s i n g . S i m i l a r l y , q u e s t i o n n a i r e s on e n v i r o n m e n t a l d a t a , geomorpho log i i 

and o c e a n o g r a p h i c a 1 i n f o r m a t i o n , and da ta r e f e r r i n g t o t h e human impac t 

o n t o the s i t e , can be d e s i g n e d so as t o be w i t h i n t h e reach o f any w e l l -

i n f o r m e d layman. Data c o l l e c t e d i n t h i s manner can be p r o c e s s e d d i r e c t l y 

- even more so i f p r e p a r e d i n mach ine r e a d a b l e f o r m - w i t h o u t t h e 

i n t e r v e n i n g n e c e s s i t y f o r e x t e n s i v e l a b o r a t o r y w o r k , and i t wou ld a l l o w 

t h e e x i s t i n g bu t r e l a t i v e l y s c a r c e a v a i l a b l e s c i e n t i f i c s k i l l s t o be 

c o n c e n t r a t e d on t he da ta a n a l y s i s p r o p e r i n t h e f i r s t i n s t a n c e , and i n t h e 

subsequen t i n v e s t i g a t i o n o f and i n t e r v e n t i o n I n t h o s e s i t u a t i o n s where an 

e n v i r o n m e n t a l danger i s a p p a r e n t o r s u s p e c t e d . The f i r s t n e c e s s a r y s t e p 

i n d e v e l o p i n g such a m e t h o d o l o g y wou ld be a t h o r o u g h i n v e s t i g a t i o n o f t h e 

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

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

The s e c o n d , t o t e s t i n p r a c t i c e what s o r t o f a c c u r a c y can be e x p e c t e d f r o m 

such a s y s t e m , as w e l l as what k i n d o f t r a i n i n g , i f a n y , s h o u l d be made 

a v a i l a b l e t o t h e p a r t i c i p a n t s . 

I t i s t h e a u t h o r ' s b e l i e f , t h e r e f o r e , t h a t t h e d i a g n o s t i c i n d e x p a t h 

i s t h e most l i k e l y p r o c e s s by w h i c h l a r g e s c a l e m o n i t o r i n g o f t h e m a r i n e 

e n v i r o n m e n t , b o t h f o r Heavy M e t a l s and f o r o t h e r p o l l u t a n t s , has a chance 
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e i n g pu t i n t o p r a c t i c e c o n s i d e r i n g t h e p r e s e n t and f o r s e e a b l y f u t u 

l a b i l i t y o f s k i l l s , manpower, and r e s o u r c e s . 
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A p p e n d i x 1 
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m e t a l r a n k v a l u e s a r e g i v e n . 
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S i t e 1 S a m p l e d 7 / 5 / 7 6 

P o r t o V e n e r e . S a m p l e d o f f n o . 35 o f t h e l u n g o m a r e , o n t h e c h a n n e l 

b e t w e e n t h e c a p e a n d t h e i s l a n d o f P a l m a r i a , N o r t h o f t h e g u l f o f La 

S p e z i a . S t r o n g N t o S c u r r e n t t h r o u g h t h e c h a n n e l . Edge o f w a t e r f r o n t 

b o u l d e r s down t o 2 - 3 m , t h e n muddy d e t r i t u s b o t t o m f l a t t e n i n g o u t , 

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

a l g a l g r o w t h , b r o w n a n d g r e e n . D o m i n a n t s p e c i e s U l v a l a c t u c a , C o d i urn 

t o r m e n t o s u m , a n d P i c t y o t a d i c h o t o m a . H e a v y p o p u l a t i o n o f v e r y s m a l l 

Pa r a c e n t r o t u s o n t h e b o u l d e r s , w i t h a f e w l a r g e A r b a c i a . L a r g e 

P a r a c e n t r o t u s o n s a n d y / s i l t y b o t t o m . L a r g e n u m b e r s o f a s s o r t e d g a s t r o p o d a 

o r t h e b o u l d e r s . P a t e l l a a b u n d a n t , v e r y s m a l l o n t h e w a t e r l i n e , l a r g e r 

f u r t h e r d o w n , t h e l a t t e r c o v e r e d w i t h t u f t s o f J a n i a r u b e n s a n d P I c t y o t a 

d i c h o t o m a . T h e s e w e r e s a m p l e d . 

R i n k i n g : A r b a c i a 7 - 7 5 

Pa r a c e n t r o t u s 1.5 

P a t e l l a 5 . 2 5 

S i t e 2 S a m p l e d 8 / 5 / 7 6 

S s c c h e d e l l a Mo1 o r l fl • A s h o s l some t w o m i l e s o f f L I v o r n o , M a r k e d o n maps 

a n d c h a r t s , h a s l i g h t h o u s e . S a m p l e d o v e r a c o n s i d e r a b l e a r e a a r o u n d 1 

m i l e w e s t o f t h e l o w e r l i g h t h o u s e , d e p t h 9 - ' 2 m . P o s f d o n l a b o t t o m , f l a t 

w i t h o c c a s i o n a l b r e a k s i n t h e m a t t e d r h y z o m e s , l e a v i n g b a r e s a n d a n d 

home r o c k . Pa r a c e n t r o t u s i s a b u n d a n t , a n d s t r a n g e l y e n o u g h i t i s a l m o s t 

a l w a y s a t a n e x t r e m e l y h i g h l e v e l i n t h e P o s i d o n i a , a l m o s t a t t h e t i p 

o f t h e l e a v e s . A l s o v e r y a b u n d a n t ivas t h e c r i n o i d A n t e d o n m e d i t e r r a n e a , 

a l s o a t t h e t i p o f t h e l e a v e s . No A r b a c i a t o be f o u n d , so some s a m p l e s 

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

b a r e l i m e s t o n e b o t t o m , s c o u r e d c l e a n by a n a b u n d a n c e o f A r b a c i a . H e r e t h e 

d e p t h was 2m a t t h e m o s t . No r ' a t e l l a was t o be s e e n I n e i t h e r a r e a . 
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R a n k i n g : A r b a c i a 8 

Pa r a c e n t r o t u s 7 

S i t e 3 S a m p l e d 6 / 5 / 7 6 

Q u e r c i a n e l l a . A r e s i d e n t i a l a r e a l e s s t h a n h a l f w a y b e t w e e n R o s s i g n a n o 

S o l v a y a n d L i v o r n o . S m a l l s e a w a y w i t h no v i s i b l e t r a c e s o f s e w a g e o r 

o t h e r s o u r c e o f p o l l u t i o n . W a t e r e x c e p t i o n a l l y c l e a r , t h i c k c a r p e t o r 

b r o w n a l g a e . O n l y P a r a c e n t r o t u s 1 i v i d u s was t o be f o u n d , a n d i n v e r y 

l a r g e q u a n t i t i e s up t o t h e s u r f a c e . No A r b a c i a 1 ? x u 1 a t o be s e e n . 

P a t e 1 l a was e x c e e d i n g l y s m a l l a n d s c a r c e , a n d n o t w o r t h t a k i n g a s a m p l e 

o f . T h e t h i c k a l g a l g r o w t h , m a i n l y o f we 1 1 - d e v e l o p e d a n d s o l i d b r o w n 

a l g a e , p r i n c i p a l l y C y s t o s e i r a , l e f t l i t t l e s p a c e f o r P a t e l l a spawn t o 

s e t t l e . D e p t h 3m m a x i m u m , u s u a l l y s h a l l o w e r . 

R a n k i n g : P a r a c e n t r o t u s 5 . 7 5 

S i t e k S a m p l e d 6 / 5 / 7 6 

S a 1 i v o 1 i . R e s i d e n t i a l s u b u r b t o t h e n o r t h o f P i o m b i n o . As u s u a l , t h e 

o n l y a c c e s s p o s s i b l e was o n t h e ' p u b l i c ' b e a c h - o v e r t h e s e w a g e o u t l e t . 

S a m p l e d a l o n g t h e o u t s i d e o f t h e b r e a k w a t e r . 

F i r s t c l e a r e x a m p l e o f p o l l u t i o n f a c i e s - m a s s e s o f 111 va l a c t u c a , 

some E n t e r o m o r p h a i n t e s t i n a 1 i s . L a t e r o n , some m o r e n o r m a l b r o w n / r e d 

a l g a e f a c i e s . No e x c e s s i v e t r a c e o f o r g a n i c p o l l u t i o n o u t s i d e t h e 

b r e a k w a t e r . E c h i n o i d s w e r e f r e q u e n t , b u t o n l y A r b a c i a l i x u l a , no 

Pa r a c e n t r o t u s 1i v i d u s . P a t e 1 l a was r e a s o n a b l y a b u n d a n t , v e r y s m a l l 

( 1 - 1 . 5 cm) i n d i v i d u a l s a t s u r f a c e , l a r g e r (*+-6cm) b e l o w 5m d e p t h , c o v e r e d 

by a l g a l g r o w t h ; t h e s e l a t t e r w e r e s a m p l e d . N o t e w o r t h y was t h e g r e a t 

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

t h e N o r t h s i d e o f t h e r o c k s . 
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R a n k i n g : A r b a c i a 1 4 . 2 5 

P a t e l l a 8 

S i t e 5 S a m p l e d 5 / 5 / 7 6 

T a l a m o n e . S a m p l e d n o r t h o f t h e v i l l a g e , b e y o n d Capo d ' U o m o , a r o u n d a l a r g e 

p r o t r u d i n g r o c k a t t h e e n d o f a p a t h l e a d i n g down f r o m t h e t o w e r . T h e 

r o c k i s c o m p l e t e l y c o v e r e d by a l g a l g r o w t h , l e a v i n g no s p a c e a t a l l f o r 

l i m p e t s . A l t o g e t h e r t h e P a r a c e n t r o t u s / A r b a c i a r a t i o was c l o s e t o 1 , b u t 

w h i l e Pa r a c e n t r o t u s was d e f i n i t e l y p r e d o m i n a n t o n t h e S o u t h f a c e o f t h e 

r o c k , A r b a c i a was so o n t h e N o r t h f a c e . T h e a l g a l g r o w t h o n t h e t w o 

f a c e s a p p e a r e d i d e n t i c a l . 

R a n k i n g : A r b a c i a 7 . 5 

Pa r a c e n t r o t u s 15 

S i t e 6 S a m p l e d 1 0 / 5 / 7 6 

A n s e d o n i a . S a m p l e d a t t h e N e n d o f t h e b e a c h , c l o s e t o t h e " s p l i t " . 

L a r g e c l i f f s i d e , s a n d y b o t t o m w i t h e m e r g i n g r o c k s , c l o s e t o l a r g e f r e s h ­

w a t e r o u t l e t - d r a i n a g e f r o m a g r i c u l t u r a l a r e a , maybe some s e w a g e . Sea 

a m e s s , v i s i b i l i t y 30cm d u e t o s u r f . C o l l e c t e d at U-5m d e p t h , , v e r y 

a t r a n d o m . 

R a n k i n g : A r b a c i a 21 

Pa r a c e n t r o t u s 1 2 . 7 5 

S i t e 7 S a m p l e d / 1 2 / 7 6 

A n z i o . L a r g e s a n d y a r e a , w i t h a f e w r o c k y o u t c r o p s a r o u n d h a r b o u r . S m a l l 

f i s h i n g a n d t u r i s t i c p o r t , no p a r t i c u l a r i n d u s t r y i n c l o s e v i c i n i t v . Sea 

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

was n o t p o s s i b l e t o c o l l e c t a s i g n i f i c a n t s a m p l e . P a t e l l a was s a m p l e d o n 
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t h e s o u t h s i d e o f t h e j e t t y (on t h e o u t s i d e ) . V i s i b i l i t y 2 0 c m . 

Maximum d e p t h o f t h e a r e a km, t h e j e t t y i s composed m a i n l y o f r o c k , w i t h 

o c c a s i o n a l c o n c r e t e b l o c k s . 

S i t e 8 S a m p l e d / 1 2 / 7 5 

A n z i o f i s h m a r k e t . S a m p l e d on same d a y a s s i t e 7 . Bought some s h e l l ­

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

s o u t h o f t h e t o w n . B o t h T e 1 1 i na d i s t o r t a and V e n e r u p i s d e c u s s a t a w e r e 

a l i v e a n d f r e s h , and p r e s u m a b l y had b e e n p u r g e d f o r some h o u r s i n t h e 

s t a l l ' s t a n k . V e n e r u p i s a c c e p t a b l e , T e l 1i na a b i t t o o s m a l l to make 

o n e want t o w a s t e t i m e on i t . B o t h s p e c i e s o f e c o n o m i c i n t e r e s t , and 

e a t e n i n l a r g e q u a n t i t i e s . 

S i t e 9 S a m p l e d 5 / 1 1 / 7 5 

S o r r e n t o - M a r i n a P i c c o l a . S a m p l e d a l o n g j e t t y , t o w a r d s t h e b e a c h , s o u t h 

o f t h e s e w a g e o u t l e t . Heavy o r g a n i c p o l l u t i o n , some o f w h i c h v e r y v i s i b l e , 

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

c o n c r - e t e - b o u - l d e r - s f o r m i n g t h e - j e t t y . - M a i n l y - r e d ~ a - i g a e ; - A T b a c i a ~ i ~ i ~ x u 1 a 

w a s e x t r e m e l y common, but P a r a c e n t r o t u s was o n l y p r e s e n t i n s m a l l n u m b e r s 

a n d o f v e r y s m a l l s i z e . O n l y 5 s a m p l e s o f a c c e p t a b l e s i z e w e r e f o u n d , 

t h e o t h e r s w e r e a b o u t l - 2 c m i n d i a m e t e r , a n d w e r e r e t u r n e d t o s e a . T h e 

m a j o r i t y o f P a t e l l a e w e r e i n t h e 2 - 3 c m s i z e c l a s s , w i t h o c c a s i o n a l U -5cm 

i n d i v i d u a l s . T h e 2 - 3 c m c l a s s was s a m p l e d . 

R a n k i n g : A r b a c i a 1 8 . 1 2 

R a n k i n g : P a t e l l a 12 

Pa r a c e n t r o t u s 9 . 7 5 

P a t e l l a 1 0 . 2 5 
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S i t e 10 S a m p l e d / 4 / 7 6 

S o r r e n t o - f i s h m a r k e t . O b t a i n e d some V e n e r u p i s d e c u s s a t a f rom t h e f i s h 

m a r k e t , a l i v e and a p p a r e n t l y c a u g h t i n t h e bay o f N a p l e s . 

S i t e 11 S a m p l e d 5 / 1 1 / 7 5 

Massa L u b r e n s e . F u r t h e s t town on t h e S o r r e n t i n e P e n i n s u l a f a c i n g t h e 

G u l f o f N a p l e s . S a m p l e d t h e o u t e r p a r t o f t h e j e t t y . L a r g e c e m e n t 

b l o c k s m e r g i n g w i t h a r o c k y b o t t o m , d e g r a d i n g s t e e p l y . S a m p l e d b e t w e e n 2 

and 15 m f o r t h e e c h i n o i d s , a r o u n d 1 m f o r P a t e l l a . E c h i n o i d s v e r y 

f r e q u e n t , b u t A r b a c i a : Pa r a c e n t r o t u s : : 5 0 : 1 o r m o r e . P a t e l l a e w e r e no t 

v e r y f r e q u e n t , w i t h a c e r t a i n v a r i a t i o n w i t h i n t h e 2-kcm s i z e c l a s s . 

R a n k i n g : A r b a c i a I I 

P a r a c e n t r o t u s 1 3 . 4 

P a t e l l a 8 . 5 

S i t e 12 S a m p l e d 7 / 1 1 / 7 5 

A q r o p o l i . S a m p l e d on o u t e r s i d e o f p i e r , c l o s e to c l i f f f a c e . T h e p i e r 

i s a r e c e n t l y c o n s t r u c t e d s t r u c t u r e o f l i m e s t o n e b l o c k s a n d r u b b l e -

t h e c o n c r e t e m a s s i n g d o e s not r e a c h t h e w a t e r u n c o v e r e d . T h e b o t t o m was 

s a n d - c o v e r e d r o c k , w i t h f r e q u e n t o u t c r o p s . Not v e r y many a l g a e , p o s s i b l y 

b e c a u s e o f e x p o s e d p o s i t i o n , bu t t h i s d o e s no t seem t o be n e c e s s a r i l y a 

h i n d e r a n c e . E c h i n o i d s w e r e v e r y a b u n d a n t , bu t d i s t i n c t l y c l u s t e r e d . 

P a r a c e n t r o t u s l i v i d u s was t h e most a b u n d a n t , b u t i n some w e l l d e f i n e d 

a r e a s , A r b a c i a was d e f i n i t e l y p r e d o m i n a n t . A l t o g e t h e r , P a r a c e n t r o t u s : 

A r b a c i a : : 3 : 1 . P a t e l l a e w e r e o f two s i z e c l a s s e s , a b u n d a n t 2 - 3 c m , a 

few 5 - 7 cm. T h e s m a l l e r w e r e s a m p l e d , c l o s e t o t h e s u r f a c e a l o n g t h e 

s e a w a 1 1 . 

R a n k i n g : A r b a c i a 1 4 . 1 2 

P a r a c e n t r o t u s 1 5 . 2 5 

P a t e l l a 7 . 5 
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S i t e 13 S a m p l e d 7 / 1 1 / 7 5 

P u n t a T r e s i n o . S a m p l e d a t t h e end o f t h e b e a c h o f S a n t a M a r i a Di 

C a s t e l l a b a t e , a t t h e s o u t h e r m o s t end o f t h e c a p e . L a r g e , s h a r p l y 

a n g l e d s t r a t i f i c a t i o n s , s e l e c t i v e l y e r o d e d a n d s u b s e q u e n t l y c r o l l a p s e d , 

fo rm a b o t t o m o f l a r g e b o u l d e r s , c a v e s , s a n d y s t r e t c h e s , a n d P o s i d o n i a 

o c e a n i c a m e a d o w s . A r b a c i a and Pa r a c e n t r o t u s w e r e e q u a l l y a b u n d a n t , 

p o s s i b l y w i t h a s l i g h t e x c e s s o f Pa r a c e n t r o t u s . E c h i n o i d s w e r e p i c k e d 

m a i n l y on v e r t i c a l f a c e s o f t h e r i d g e s i n 2 - 3 c m o f w a t e r . P a t e 1 l a 

was s a m p l e d a b i t f a r t h e r n o r t h , t o w a r d s t h e p o i n t , a s c l o s e t o t h e 

b e a c h t h e s h a l l o w s w e r e f i l l e d w i t h P o s i d o n i a d e t r i t u s . 

R a n k i n g : A r b a c i a 1 6 . 7 5 

Pa r a c e n t r o t u s 1 2 . 7 5 

P a t e l l a 1 1 . 5 

S i te \k S a m p l e d 7 / 1 1 / 7 5 

P u n t a I n f e r n o . S a m p l e d on t h e o u t e r w a l l o f t h e s e a w a l l i n f r o n t o f 

t h e s m a l l f i s h e r m e n ' s h a r b o u r . T h e s e a w a l l i s formed o f l a r g e c o n c r e t e 

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

v e r y a b u n d a n t . A r b a c i a and Pa r a c e n t r o t u s a b o u t e q u a l l y a b u n d a n t . P a t e 1 l a 

i n f r e q u e n t , i n two d i s t i n c t s i z e c l a s s e s 2 - 3 c m and 5 - 6 cm. A s s o r t e d 

M u r i c a c e a w e r e t h e most common i n h a b i t a n t s . 

R a n k i n g : A r b a c i a 1 9 . 2 5 

P a r a c e n t r o t u s 9 . 5 

P a t e l l a 14 

S i t e 15 S a m p l e d 7 / H / 7 5 

O g l i a s t r o M a r i n a . S a m p l e d on t h e s o u t h e r m o s t s i d e o f t h e c a p e , a t t h e 

end o f t h e p u b l i c a c c e s s r o a d . T h e b e g i n n i n g o f t h e p o i n t ' s f l y t c h 

s c a r p , e m e r g i n g f rom t h e s a n d o f t h e O g l i a s t r o M a r i n a b e a c h , h a s s h a r p l y 
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a n g l e d s t r a t i f i c a t i o n s , a n d d i f f e r e n t i a l e r o s i o n has c r e a t e d a s e r i e s 

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

i n b e t w e e n . W h e r e v e r s a n d has bu i I t u p , Pos i d o n i a o c e a n i ca h a s 

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

m a t s o v e r t h r e e m e t r e s t h i c k i n t h e m i d d l e o f t h e b a y . E c h i n o i d s w e r e 

r e a s o n a b l y a b u n d a n t , Pa r a c e n t r o t u s b e i n g f a r m o r e so t h a n A r b a c i a 

a n d w e r e s a m p l e d a r o u n d lm d e p t h . R a t i o a b o u t 1 0 : 1 . M o s t e c h i n o i d s 

w e r e s a m p l e d on u n d e r s i d e o f r o c k l e d g e s . P a t e 1 1 a e w e r e s a m p l e d a l o n g 

t h e l e d g e s c l o s e s t t o s h o r e . 

R a n k i n g : A r b a c i a 1 0 . 2 5 

Pa r a c e n t r o t u s 13 

P a t e l l a 7 . 7 5 

S i t e 16 S a m p l e d 2 9 / 5 / 7 6 

L i p a r i I - P i e t r a d e l B a q n o . Due t o i n j u r y o n t h e way d o w n , t h i s s e r i e s 

o f s a m p l e s w e r e c o l l e c t e d by M a u r o P e r u g i n i w i t h o u t s u p e r v i s i o n . P i e t r a 

d e l Bagno i s a n i s o l a t e d s t a c k o n t h e e a s t c o a s t o f L i p a r i t o w a r d s Sa I i n a . 

T h e s a m p l e s w e r e c o l l e c t e d o n t h e v e r t i c a l w a l l o f t h e s l a c k ai d e p t h 

n o t g r e a t e r t h a n 8m F u r t h e r i n f o r m a t i o n m i s s i n g . 

R a n k i n g : A r b a c i a 1 U . 5 

Pa r a c e n t r o t u s I y . b 

Si t e 17 S a m p l e d 3 0 / 5 / 7 6 

L i p a r i I I . S a m p l e d i n f r o n t o f t h e h o t e l G i a r d i n o s u l M a r e , c l o s e t o 

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

B e d r o c k v o 1 c a n i c , m a i n 1 y l a v a a n d some b a s a l t b o u l d e r s . C l e a r w a t e r w i t h 

a b u n d a n t f l o r a a n d s e s s i l e f a u n a o n r o c k y w a l l s , b u t q u i t e a f e w s u r f a c e 

o i l s l i c k s . D e p t h s a m p l e d 0 - 3 m , e c h i n o i d s r e a s o n a b l y a b u n d a n t , r o u g h l y 
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e q u a l b u t Pa r a c e n t r o t u s f o u n d o n m o r e o v e r g r o w n a r e a s , A r b a c i a 1i x u l a 

o n h i g h l y g r a z e d o n e s , u s u a l l y s h a l l o w e r . L a r g e P a t e 1 l a ( 6 - 7 c m ) 

a r o u n d lm d e p t h . 

R a n k i n g : A r b a c i a 1 0 . 5 

Pa r a c e n t r o t u s 1 6 . 5 

P a t e l l a 7 . 7 5 

S i t e 18 S a m p l e d 3 ' / 5 / 7 6 

F i 1 i c u d i . S a m p l e d o f f t h e E a s t c o a s t o f t h e i s l a n d . C o m p l e t e l y 

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

t h e o p e n s e a . As f a r f r o m p o l l u t i o n s o u r c e s a s I h a v e b e e n a b l e t o 

g e t . V e r y a b u n d a n t e c h i n o i d s on l a r g e f l a t b o u l d e r s a t 3 - 6 m d e p t h . 

No g r e a t f l o r a , m a i n l y s m a l l i s h c l u m p s c f C y s t o s e i r a s p p . Pa r a c e n t r o t u s : 

A r b a c i a : : 2 : 1 . L a r g e ( 5 - 6 c m ) p a t e l l a e a t same s i t e . 

R a n k i n g : A r b a c i a 9 . 2 5 

Pa r a c e n t r o t u s 19 

P a t e l l a 9 . 7 5 

S i t e 19 S a m p l e d o n 1 1 / 6 / 7 6 

P u n t a Ra i s i . Cape a f e w m i l e s w e s t o f P a l e r m o . S i t e some 800m f r o m 

a i r p o r t p e r i m e t e r , 2km f r o m t h e b e g i n n i n g o f t h e P a l e r m o i n d u s t r i a l 

c o m p l e x . L a r g e b l o c k s o f c o n g l o m e r a t e s a n d s t o n e , e r o d e d b y w a t e r a n d 

o r g a n i s m s . M a s s i v e b r o w n a l g a l o v e r g r o w t h , m a i n l y C y s t o s e i r a s p p . , 

a n d some r e d e n c r u s t i n g ( C o r a 11 i na s p p . ) . A r e a a p p a r e n t l y f r e e f r o m 

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

s m a l l j e t t y e v i d e n t l y s e r v i n g t h e a i r p o r t , a n d a d r o w n e d d o g seemed t o 

i n d i c a t e o t h e r w i s e . P a t e l l a e i m p o s s i b l e t o c o l l e c t , a s t h e y w e r e t o o 

t i g h t l y e m b e d d e d i n r o c k c a v i t i e s , a l s o o n l y v e r y s m a l l s i z e c l a s s 
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p r e s e n t ( l - 2 c m ) . E c h i n o i d s a b u n d a n t , a t a l l d e p t h s down t o f l a t s a n d y 

b o t t o m a t 5m d e p t h . S l i g h t p r e p o n d e r a n c e o f Pa r a c e n t r o t u s 1i v i d u s o v e r 

A r b a c i a 1i x u 1 a . B o t h s p e c i e s v e r y s m a l l , b u l k i n g o f 2 i n d i v i d u a l s 

n e c e s s a r y f o r a l l A r b a c i a , some Pa r a c e n t r o t u s . N e a r e s t i n d u s t r i e s : 

c e m e n t w o r k s , s i l v e r p l a t i n g , h a i r t r e a t m e n t ( w i g s ) , s e c o n d a r y p r o c e s s i n g 

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

R a n k i n g : A r b a c i a 11 

Pa r a c e n t r o t u s 1 2 . 2 5 

S i t e 20 S a m p l e d 1 4 / 6 / 7 6 

Capo C a r b o n a r a . S o u t h e a s t e r m o s t t i p o f S a r d i n i a . P e b b l e / b o u l d e r b e a c h , 

s a n d b o t t o m w i t h o u t c r o p p i n g b o u l d e r s . C o n g l o m e r a t e s a n d s t o n e , i g n e o u s 

i n c l u s i o n s ( e a s t o f t h e C a g l i a r i a l l u v i a l t r e n c h ) . W a t e r c l e a r , e x c e p t 

f o r a b u n d a n t P o s i d o n i a o c e a n i c a d e b r i s . S i t e some i - i . 5 k m f r o m a c t u a l 

c a p e , o n e a s t c o a s t . M o d e r a t e g r o w t h o f b r o w n a n d r e d e n c r u s t i n g a l g a e . 

E c h i n o i d s r e l a t i v e l y s c a r c e , Pa r a c e n t r o t u s : A r b a c i a : : 3 : 2 . S m a l l 

i n d i v i d u a l s , f o r A r b a c i a b u l k i n g was n e c e s s a r y . P a t e l l a was n o t 

s a m p l e a b l e - t o o s m a l l ( 4 -8mm) a n d t o o w e l l f i t t e d i n t o t h e r o c k . No 

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

R a n k i n g : A r b a c i a 1 6 . 5 

Pa r a c e n t r o t u s 1 7 . 5 

S i t e 21 S a m p l e d 1 4 / 6 / 7 6 

M e l i s e n d a . I s o l a t e d s i t e h a l f - w a y b e t w e e n Capo C a r b o n a r a a n d A r b a t a x . 

One s m a l l h o t e l , some h o u s e s , a NATO r a d a r b a s e . C o n g l o m e r a t e r o c k , 

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

g r a n i t e b o u l d e r s e m e r g i n g f r o m s a n d y b o t t o m . H e a v y b r o w n a l g a l g r o w t h 

a n d some P o s i d o n i a o c e a n i c a . Went o f t s h o r e some 7 0 0 m , s c a n n e d , a n d 

r e t u r n e d . W a t e r c l e a r , b u t some p e r s i s t e n t f o a m a l o n g c o a s t a n d a b u n d a n t 
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Pos i d o n i a d e b r i s . E c h i n o i d s v e r y s c a r c e , Pa r a c e n t r o t u s : A r b a c i a : : 3 : 2 . 

Pa r a c e n t r o t u s 1 a r g e , A r b a c i a we r e ve r y va r i a b 1 e a n d r e q u i r e d b u 1 k i ng i n 

some c a s e s . P a t e 1 1 a was v e r y s c a r c e a n d s m a l l , a n d t h e r e f o r e n o t 

samp 1 e d . 

R a n k i n g : A i b a c i a 1 2 . 7 5 

Pa r a c e n t r o t u s 1 1 . 7 5 

Si t e 22 S a m p l e d 1 5 / 6 / 7 6 

A r b a t a x . S a m p l e d a l o n g r o c k f a c e o u t s i d e h a r b o u r , o f f a l a r g e q u a r r y . 

H e a v i l y m e t a m o r p h i z e d r o c k , u s u a l p i n k i s h m o t h e r r o c k w i t h t h i c k v e i n s 

o f g r a n i t e a n d b a s a l t . E c h i n o i d s r e l a t i v e l y a b u n d a n t , b u t Pa r a c e n t r o t u s : 

A r b a c i a : : 1 : 5 . P a r a c e n t r o t u s a l s o v e r y d e e p , a t l e a s t 6 m . V e r t i c a l o r 

a l m o s t v e r t i c a l w a l l s , h e a v i l y o v e r g r o w n w i t h a l g a e , b r o w n s a n d g r e e n s . 

P a t e i i a e a b u n d a n t , i a r g e , h e a v i l y u v e i y i u w n w i i . l i U 1 va i a c t u c a . Some 

b u l k i n g n e c e s s a r y f o r A r b a c i a , a l l P a t e 1 l a b u l k e d . I n d u s t r y p r e s e n t : 

i n d u s t r i a l p o r t , s h i p y a r d s , p a p e r m i l l s . 

R a n k i n g : A r b a c i a 14 

Pa r a c e n t r o t u s 1 4 . 7 5 

P a t e l l a 6 . 2 5 

S i t e 2 3 S a m p l e d o n 1 5 / 6 / 7 6 

Fu i 1 e e Ma r e . S i t e r e a c h a b l e o n w h i t e r o a d l e a d i n g o f f o n Km 231 o f t h e 

S S 1 2 5 . S m a l l bay o n g u l l y / s t r e a m o u t l e t . S l i g h t w a t e r f l o w , p r o b a b l y 

s i g n i f i c a n t l y m o r e i n w i n t e r . Sand f l a t b e c o m i n g b e a c h : s i d e s o f g u l l y 

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

up t h e s h o r e . P o s i d o n i a o c e a n i c a b o t t o m , w i t h f r e q u e n t b u i l d u p o f r h y z o m e s . 

D e p t h 0 - 4 m . S a m p l e d a l o n g l e f t s i d e l o o k i n g s e a w a r d s . Pa r a c e n t r o t u s 

I i v i d u s v e r y a b u n d a n t a n d l a r g e , a l s o a m o n g s t t h e Pos i d o n i a , A r b a c i a 

v e r y s c a r c e a n d v e r y s m a l l . P a t e 1 l a p r e s e n t o n l y i n m i n u t e s i z e a n d 

http://wii.li
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q u a n t i t y . A r b a c i a had t o be b u l k e d . 

R a n k i n g : A r b a c i a 1 2 . 7 5 

Pa r a c e n t r o t u s 1 2 . 5 

S i t e 2k S a m p l e d o n 1 6 / 6 / 7 6 

G o l f o A r a n c i . N o r t h e a s t a n d o u t e r m o s t t i p o f G o l f o d i O l b i a . O l b i a , 

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

i n d u s t r y . S i t e - end o f w h i t e r o a d o f f G o l f o A r a n c i , some 2 k m . B o t t o m 

s a n d y w i t h h e a v y Pos i d o n i a o c e a n i ca g r o w t h , w h i c h c o n t i n u e s on r o c k s 

a n d b o u l d e r s on s i d e s . B e d r o c k i g n e o u s b a s e m e n t . E c h i n o i d s r e a s o n a b l y 

a b u n d a n t , s a m p l e d b e t w e e n 0 - 2 m d e p t h s . Pa r a c e n t r o t u s : A r b a c i a : : 2 : 1 , 

A r b a c i a m a i n l y on e x p o s e d r i d g e s , Pa r a c e n t r o t u s a l s o a m o n g s t t h e 

Pos i d o n i a . No P a t e 1 l a w o r n t a k i n g n o t i c e o f . Some b u l k i n g n e c e s s a r y 

f o r A1 b a c i a . 

R a n k i n g : A r b a c i a 1 5 . 5 

Pa r a c e n t r o t u s 2 1 . 2 5 

S i t e 25 S a m p l e d on 1 7 / 6 / 7 6 

S a n t a T e r e s a d i G a l l u r a . S a m p l e d on w e s t e r l y s i d e o f c o v e w i t h b e a c h 

w e s t o f t h e t o w n . G r a n i t e b e d r o c k a n d b o u l d e r s g o i n g down t o s a n d a t 

2 - 3 m . H e a v y a l g a l o v e r g r o w t h , m a i n l y b r o w n w i t h some r e d e n c r u s t i n g . 

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

E c h i n o i d s r e a s o n a b l y f r e q u e n t , p a r t i c u l a r l y c l o s e t o t h e s u r f a c e . 

A r b a c i a 1i x u l a s 1 i g h t 1 y m o r e f r e q u e n t t h a n Pa r a c e n t r o t u s , b u t v e r y s m a 1 1 . 

B u l k i n g was n e c e s s a r y f o r A r b a c i a a n d P a t e l l a , w h i c h was a b u n d a n t b u t 

s m a l l ( 2 - 3 c m ) , a n d i n p a r t i c u l a r , t h e a n i m a l s a p p e a r e d s m a l l i n r e l a t i o n 

t o t h e s h e 11 s i z e . 

R a n k i n g : A r b a c i a 1 5 . 2 5 

Pa r a c e n t r o t u s 1 2 . 5 

P a t e l l a 8 . 7 5 
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S i t e 2 8 C o l l e c t e d on 2 2 / V 7 6 

M a r s e i l l e s - C o r t i o u . C o l l e c t e d a s w e l l as s i t e 2 9 i n t h e c o u r s e o f 

t h e E x e r c i se 1 E a g l e D i ve 2 ' , A r m y A i r C o r p s C e n t r e Sub A c q u a C l u b 

p l a n h26]k. S a m p l e g i v e n t o me by D r . B a r r y J u p p , d e s c r i p t i o n s a s g i v e n 

" l k m f r o m e f f l u e n t b e h i n d I l o t de l a M e l e t t e . V e r y d i r t y , no s i g n o f 

P o s i d o n i a a l l a l o n g t h e c o a s t . W o u l d h a v e e x p e c t e d some i n t h e b a y 

a s t h e r e was some s a n d . S u b s t r a t e m a i n l y r o c k b u t a b u n d a n t sea u r c h i n s . 

C o r t i o u b a y - m a i n s e w e r i n n o r t h e r n s h o r e - 6 - 1 0 ' o p e n d r a i n , l o t s o f 

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

m a t t e r a l o n g c o a s t f o r m o r e t h a n 2 k m . S i l t , no P o s i d o n i a , Pa r a c e n t r o t u s 

o r A r b a c i a . " M y t i l u s e d u 1 i s was c o l l e c t e d . 

S i t e 29 C o l l e c t e d on 1 8 / 4 / 7 6 

M a r s e i l l e s - M o n q e n e t . M o n g e n e t Cove (Bay o f Cap C r o i s e t t e ) . T h i s 

c o v e i s n e a r Les G o u d e s , t o t h e SW o f M a r s e i l l e s , a n d i s w i t h i n t h e 

p o l l u t e d z o n e w h e r e C y s t o s e i ra s t r i e t a s t a r t s t o d i s a p p e a r . P o o r l i g h t 

p e n e t r a t i o n , d e n s e s u s p e n d e d m a t t e r ( 5 0 0 0 - 2 0 0 0 0 c o l i f o r m s / 1 , B e l l a n 

1 9 7 0 ) ( 1 0 1 ) . C o l l e c t e d M y t i l u s e d u l i s a n d P a t e l l a . 

F o r s i Les 28 a n d 2 9 , s e e J u p p et_ a_j_ ! 9 7 7 ( ' 0 2 ) . 

R a n k i n g : P a t e l l a 7 . 5 29 

S i t e 30 C o l l e c t e d 1 4 - 1 9 / 8 / 7 6 

M a l t a - F o r t S t . L u c i a n 

P a t e l l a c o e r u l e s 0 . 5 m , Pa r a c e n t r o t u s 1 i v i d u s km 

R a n k i n g : Pa r a c e n t r o t u s \k 

P a t e l l a 2 . 2 5 



- 127 -

S i t e 31 C o l l e c t e d 1 3 / 8 / 7 6 

Ma 1 t a - Pa r a d i s e Bay 

P a t e 1 l a c o e r u 1 e a 1 - 3 ™ , 

A r ba c i a 1 i x u 1 a 3 -5m 

R a n k i n g : A r b a c i a 7 . 5 

P a t e l l a 6 . 5 

S i t e 32 C o l l e c t e d 1 6 / 8 / 7 6 

M a l t a - W i e d i z Z u r r i e g 

A r b a c i a 1i x u 1 a a n d Pa r a c e n t r o t u s 1i v i d u s 1 lm 

R a n k i n g : A r b a c i a 8 . 2 5 

Pa r a c e n t r o t u s 3 . 2 5 

T h e t h r e e a b o v e s i t e s w e r e c o l l e c t e d b y D r . B. J u p p . 

No f u r t h e r d a t a a v a i l a b l e . 

S i t e 33 

C y p r u s - A k r o t i r i 

T h e m a t e r i a l was r e c e i v e d i n 1 9 7 6 , d r i e d a n d s t o r e d i n a l u m i n i u m t r a y s . 

No f u r t h e r d a t a a v a i l a b l e . 

R a n k i n g : A r b a c i a 4 . 2 5 
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Refe rences 

101) B e l l a n , G. (1970) P o l l u t i o n by sewage i n M a r s e i l l e s M a r . P o 1 1 . 

Bui 1 . 1 p p 5 9 - 6 0 . 

102) J u p p , B .P . (1977) The e f f e c t o f o r g a n i c p o l l u t i o n on b e n t h i c 

o r g a n i s m s near Marse i 11es I n t . J . E n v i r o n m e n t a l S t u d i e s 10 pp 119-123 
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A p p e n d i x 2 

E h r h a r d t Fac ies C l a s s i f i c a t i o n 

F a c i e s d e s c r i p t i o n and no tes on use 
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E h r h a r d t F a c i e s C l a s s i f i c a t i o n 

The f o l l o w i n g g r o u p i n g s , f i r s t d e s c r i b e d in t h i s con tex t by 

Ehrhardt in 1968 ( 6 8 ) , do not c o n s t i t u t e t r u e communi t ies , but can be 

c o n s i d e r e d as d i a g n o s t i c " f a c i e s " , not n e c e s s a r i l y c o n c l u s i v e , but 

which i f w i d e l y i n t e r p r e t e d and c o n s i d e r e d in the l i g h t of the o t h e r 

s i t e c h a r a c t e r i s t i c s can g ive a reasonab ly p r e c i s e i n d i c a t i o n on 

the l e v e l of o r g a n i c p o l l u t i o n in the a r e a , and on i t s c h r o n i c i t y . They 

r e f e r o n l y to Medi ter ranean a r e a s w i th p r i n c i p a l l y rocky s u b s t r a t a , and 

to s u p e r f i c i a l w a t e r s . 

F a c i e s 1 (Rhodophyta a n d / o r Phaeophyta) 

C h a r a c t e r i z e d by the p r e s e n c e of J a n i a rubens o r o t h e r l a rge 

rhodophytes o r phaeophytes as dominant s p e c i e s . Sometimes the re i s a 

s e d i m e n t - a c c u m u l a t i n g undergrowth, f o r example of Cladophora spp . 

F a c i e s 2 (Anthozoa) 

C h a r a c t e r i z e d by anthozoans as dominant o r g a n i s m s , f r e q u e n t l y 

toge ther w i th o t h e r e n c r u s t i n g o r g a n i s m s . 

F a c i e s 3 (Cytose i ra) 

C h a r a c t e r i z e d by the dominance of C y s t o s e i ra spp . in the s u r f a c e 

wa'teTs", "not to be confused"wi"t"h~t"h~e~presence~~df C'ystbsei~ra""spp^ 

on sandy o r d e t r i t i c bottoms in the immediate v i c i n i t y of marine 

a n g i o s p e r m s . 

F a c i e s k ( I n c r u s t i n g a l g a e ) 

C h a r a c t e r i z e d by p r e s e n c e of abundant i n c r u s t i n g rhodophytes , as 

f o r example L i tophyl lum i n c r u s t a n s . 

F a c i e s 5 (Tubiform i n v e r t e b r a t e s ) 

C h a r a c t e r i z e d by abundant c a l c a r e o u s i n c r u s t a t i o n s due to s e r p u l i d s 

and / o r v e r m a t i d s , a t t imes covered by a f l o r a of i n c r u s t i n g a l g a e . 

F a c i e s 6 (Cora l 1 i na) 

C h a r a c t e r i z e d by the dominance of Co ra 11 i na of f i c i nal i s and 

Cora 11i na medi t e r r a n e a , u s u a l l y a s s o c i a t e d w i t h U l v a l a c t u c a and 
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Enteromorpha s p p . 

F a c i e s 7 (Ulva l a c t u c a ) 

C h a r a c t e r i z e d as f a c i e s 8 by an abundance of c h l o r o p h y t e s such a s 

111 va l a c t u c a , Enteromorpha spp . and C ladophora s p p . , wi th U 1 va l a c t u c a 

p redomina t ing . More p l a n t s than a n i m a l s . 

F a c i e s 8 (Enteromorpha) 

C h a r a c t e r i z e d a s f a c i e s 7 by an abundance of c h l o r o p h y t e s such a s 

U1va l a c t u c a , Enteromorpha s p p . and Cladophora s p p . , wi th Enteromorpha 

spp . dominat ing . More p l a n t s than a n i m a l s . 

N.B. F a c i e s 7 and 8 may appear as a temporary phase dur ing the 

r e c o l o n i z a t i o n of an a r e a c l e a r e d by sea a c t i o n o r e r o s i o n . 

F a c i e s 9 (Harbour) 

C h a r a c t e r i z e d by the p resence of c h l o r o p h y t e s such as U lva l a c t u c a 

and Enteromorpha s p p . , b u t in which the dominant organisms a r e f i l t e r 

f e e d e r s , e s p e c i a l l y M y t i l u s spp . and Balanus s p p . , together w i th Ciona 

i n t e s t i n a l i s and s e s s i l e p o l i c h e t e s . 

F a c i e s 10 ( F o u l i n g ) 

C h a r a c t e r i z e d by a s c a r c e p resence of M y t i l u s spp . and Balanus spp 

an a lmost comple te -absence of ch lorophytes - , and a-predominance of-

amphipods and s e s s i l e p o l i c h e t e s , u s u a l l y as i n c r u s t i n g f o u l i n g on 

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

F a c i e s 11 (Obvious p o l l u t i o n ) 

C h a r a c t e r i z e d by a t o t a l absence of v i s i b l e a l g a e , an almost t o t a l 

absence of m o l l u s c s and l a m e l 1 i b r a n c h s , and by the presence of a bottom 

l a y e r of a n a e r o b i c mud, r i c h in nematodes and SOj producing b a c t e r i a . 

F a c i e s 12 (Sea g r a s s e s ) 

T h i s f a c i e s does not s t r i c t l y belong in the s e r i e s , and c e r t a i n l y 

cannot be p l a c e d in a f i x e d p o s i t i o n on the s c a l e , but i t might w e l l be 

p r e s e n t in sandy o r d e t r i t i c p a t c h e s , p a r t i c u l a r l y amongst f a c i e s 1 to 

6 , and a s a r u l e r e q u i r e s r e l a t i v e l y c l e a n water and c o n s i d e r a b l e l i g h t 
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I t m ight , t h e r e f o r e , be wor thwhi le no t ing s e p a r a t e l y . I t i s c h a r a c t e r i z e d 

by the p r e s e n c e of a more o r l e s s t h i c k mat of marine a n g i o s p e r m s , 

Pos i don ia oceani ca , Cymodocea nodosa, o r Z o s t e r a s p p . , wi th the i r 

a s s o c i a t e d r i c h ec to fauna and e c t o f l o r a , and the p r e d a t o r s of the same. 
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Re fe rences 

68) E h r h a r d t , J . P . , (1968) Note pour 1 1 i d e n t i f i c a t i o n b i o l o g i q u e des 

eaux p o l l u e e s mar ines e t saumat res Revue du Corps de San te 9 

(1) 8 9 . 



A p p e n d i x 3 

M ic rowave d i g e s t i o n t e s t r e s u l 
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As d e s c r i b e d I n t h e t e x t , a s e r i e s o f t e s t runs were c a r r i e d o u t 

u s i n g t h e m ic rowave d i g e s t i o n t e c h n i q u e d e s c r i b e d by Abu Samra e t . a l . 

( 6 7 ) , u s i n g g l u c o s e and homogenized cod t i s s u e , as s p e c i f i e d i n a p p e n d i x 

k. The runs w i t h g l u c o s e were meant t o be c h e m i c a l b l a n k s , whose pu rpose 

was t o measure any l e v e l o f c o n t a m i n a t i o n p r e s e n t i n t h e s y s t e m , as t h e 

g l u c o s e wou ld have been o x i d i s e d e n t i r e l y t o CO^ and w a t e r a t t h e end 

o f t h e d i g e s t i o n p r o c e s s , w h i l e t h e cod homogenate was meant t o g i v e an 

i n d i c a t i o n o f t h e m e t h o d ' s a c c u r a c y and r e p e a t a b i l i t y . A dozen t e s t s were 

c a r r i e d o u t , u s i n g d i f f e r e n t c o m b i n a t i o n s o f t i m e , sample c o n c e n t r a t i o n 

and d i g e s t i o n m i x t u r e s . The r e s u l t s , t h o u g h f a r f r om u n i f o r m , gave 

i n d i c a t i o n s c o n s i s t e n t w i t h t h e c o n c l u s i o n s drawn i n t h e t e x t , and t h e 

examples shown i n f i g u r e s 17 and 18 can be t a k e n as f a i r r e p r e s e n t a t i v e s 

o f t he l o t . 

F i g u r e 17 shows t h e a n a l y t i c a l r e s u l t s , a f t e r m a t r i x i n t e r f e r e n c e 

c o r r e c t i o n , o f a b a t c h o f homogenized cod samples d i g e s t e d f o r 35 m i n u t e s 

i n a d i g e s t i o n m i x t u r e c o n s i s t i n g o f 70% HNO^, 10% h^SO^, and 20% HCIO^. 

As can be s e e n , a p a r t f r om a w ide range o f r e s u l t s , k e e p i n g i n mind t h a t 

t h e samples were u n i f o r m i n n a t u r e but v a r y i n g i n w e i g h t , t h e r e i s 

a d e f i n i t e 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 , t h e samples a r o u n d t h e edge o f 

t h e m ic rowave chamber showing markedly h i g h e r v a l u e s t han t h e ones a t t h e 

c e n t e r . As n o n - u n i f o r m m ic rowave d e n s i t y In commerc ia l ovens i s a w e l ' - k n o w n 

phenomenon, i t appea rs t h a t t h e r e s u l t s a r e more dependent on t h e a v a i l a b l e 

m ic rowave d e n s i t y t o w h i c h t h e samples were e x p o s e d , i . e . t h e i r deg ree 

o f d i s s o c i a t i o n , t h a n on t h e s a m p l e ' s a c t u a l me ta l c o n t e n t . On t h e o t h e r 

h a n d , 35 m i n u t e s i n a nomina l 600W mic rowave f i e l d f o r a 30ml sample c o u l d be 

presumed t o be more t han s u f f i c i e n t f o r c o m p l e t e d i s s o c i a t i o n , assuming 

t h a t t h e r e i s an e f f i c i e n t ene rgy a b s o r p t i o n . T h i s , t h e r e f o r e , does not 

seem t o be t h e c a s e . 

F i g u r e 18 shows two e x e m p l a r y p l o t s o f t h e r e s u l t s o f t h e same b a t c h 
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F i g u r e 17 

D e v i a t i o n f r om mean o f me ta l c o n c e n t r a t i o n 

i n 2k i n d i v i d u a l s a m p l e s , v a r y i n g i n w e i g h t 

and randomly d i s t r i b u t e d , o f homogenized cod 

t i s s u e d i g e s t e d by m ic rowave me thod . The 

p l o t s a r e a r r a n g e d i n t h e same way as t h e 

samples were l a i d ou t i n t h e m ic rowave o v e n . 

The c i r c l e r e p r e s e n t s t h e mean v a l u e , t h e 

s c a l e on t h e r i g h t shows t he p o s i t i v e o r 

n e g a t i v e p e r c e n t a g e d e v i a t i o n f rom i t . 

\ + 1 0 

i 
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Fi gu re 18 

Mic rowave d i g e s t i o n r e s u l t s 

S i n g l e e lement p l o t s a g a i n s t sample w e i g h t f o r homogenized cod t i s s u e . 

The r e g r e s s i o n l i n e s a r e p l o t t e d . 

-0 .817 P 0 .00001 S lope -2 1.22 

ppm Pb 
17.18 1 

1 5.62 

T i . 0 6 

2 .50 

10. 9** 

9 .38 
693 754 
mg sample wei ght 

r - 0 . 9 1 0 P 0 .00001 S lope - 7 . 6 7 

ppm Cd 

5.03 H 

4 . 5 6 J 

4 . 1 0 

3 .63 

3-17 A 
754 

mg sample wei gh t 
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o f samp les . D e t e c t e d v a l u e s o f Lead and Cadmium a r e p l o t t e d a g a i n s t t h e 

sample w e i g h t , showing a v e r y c l e a r r e l a t i o n between t h e two v a r i a b l e s . 

A g a i n , c o n s i d e r i n g t h a t the samples c o n s i s t e d o f a homogeneous c o n t r o l 

s u b s t a n c e , i t wou ld appear t h a t t h e a c t u a l me ta l c o n t e n t o f t h e sample 

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

A f u l l e x p l a n a t i o n o f t h e phenomenon wou ld p r o b a b l y r e q u i r e c o n s i d e r 

a b l y more w o r k , p r e f e r r a b l y by a chem is t as opposed t o a b i o l o g i s t , bu t 

n e v e r t h e l e s s i t i s f e l t t h a t t h e reason m e n t i o n e d i n t h e t e x t , v i z . t h e 

d r o p i n m ic rowave a b s o r p t i o n by t h e samples once a l l w a t e r p r e s e n t has 

been d i s s o c i a t e d , c o u l d l i e a t t h e r o o t o f t h e p r o b l e m . 
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R e f e r e n c e s 

67) Abu-Samra , A . , M o r r i s , J . , and K o i r t y o h a n n , S.R. (1975) Wet 

a s h i n g o f some b i o l o g i c a l samples i n a m ic rowave oven 

A n a l y t i c a l C h e m i s t r y 47 (8) 1475. 
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A p p e n d i x k 

S p e c i f i c a t i o n s o f c h e m i c a l s used t h r o u g h o u t t h e a n a l y s 
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E t h a n o l 

A t h a n o l A b s o l u t p r o a n a l y s i s 983 

GC 99.8% 

Free a c i d (Ch^COOH) 

Free a l k a l i (NH^) 

Pb 

Cu 

Fe 

Zn 

MethanoI 

I s o - a m y ! - a 1coho1 

Formaldehyde 

A ldehyde (Ch^CHO) 

Ke tone o r a c e t o n e 

" M e r c k " 

max 0 

max 0 

max 0 

max 0 

max 0 

max 0 

max 0 

max 0 

max 0 

max 0 

max 0 

001% 

0003% 

00001% 

00001% 

00001% 

00001% 

05% 
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001% 

0 0 1 % 

05% 

D- G lucose AnalaR 

0 . (CH.0H), .CH.CrLOH = 180. 16 

BDH Chemica l s (B lank S t a n d a r d ) 

pH o f s o l u t i o n 

S p e c i f i c r o t a t i o n on [a] 
20 

D 

W a t e r - i n s o l u b l e m a t t e r 

C o l o u r e d i m p u r i t i e s 

A1coho1 - i n s o 1 u b 1 e m a t t e r 

S u l p h a t e d ash 

C h l o r i d e ( C I ) 

S u l p h a t e (S0^) 

S u l p h i t e ( S 0 2 ) 

A r s e n i c (As) 

I r o n (Fe) 

Heavy M e t a l s (Pb) 

Loss on d r y i n g 

not l e ss t nan i>.o 

+ 5 2 . 5 ° t o 5 3 . 0 ° 

0 .003% 

Passes t e s t 

0 .005% 

0.03% 

0 .0025% 

0.0025% 

0.0005% 

0.00002% 

0 . 0 0 0 1 % 

0 . 0 0 0 1 % 

0 . 1 % 

B i o l o g i c a l S t a n d a r d : 

10 p a c k e t s o f Bi r dseye F rozen Cod Steaks ' , each 2 0 0 g , g i v i n g a t o t a l o f 

380gd /w , d r i e d a t 105°C and m i l l e d i n a C h r i s t y and N o r r i s 8 " l a b o r a t o r y 

m i l l w i t h a 1mm mesh. Mesh and hopper were c l e a n e d b e f o r e r u n , t h e f i s h 

was bought i n Durham's W o o l w o r t h , and t h e s t o c k p r e p a r e d on 1 6 . 8 . 7 6 . 
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N i t r i c A c i d s p . Gr . 1.5 fumi 

95% HN03 = 63.01 

Minimum a s s a y 95.0% HNO^ 

D i l u t i o n t e s t 

N o n - v o l a t i l e mat ter 

C h l o r i d e (C 1) 
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60 to 62% HC10 
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Appendix 5 

D e s c r i p t i o n of composite i n d i c e s 
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The th ree composite i n d i c e s mentioned in the d i s c u s s i o n were 

c a l c u l a t e d as f o l l o w s : 

"Apparent V i s i b l e P o l l u t i o n Index" - FACTOT 

T h i s i s a composite statement of the ob ta ined E h r h a r d t S c a l e v a l u e s . 

Dur ing the s a m p l i n g , the d i s t r i b u t i o n of the s i n g l e f a c i e s was noted on an 

a b s e n t / p r e s e n t / a b u n d a n t s c a l e , coded 1, 2 and 3 r e s p e c t i v e l y . For the 

p r e s e n t p u r p o s e , absent v a l u e s and f a c i e s 12 were i g n o r e d , and the a r b i t r a r y 

weighing s c a l e shown in t a b l e 30 was u s e d . 

Tab le 30 

FACTOT weighing s c a l e 

F a c i es wei ght Fac i es wei ght 

1 1 7 9 

2 2 8 10 

3 3 9 12 

k k 10 15 

5 6 11 20 

6 7 12 -

The i n d i v i d u a l f a c i e s v a l u e s were m u l t i p l i e d by t h e i r w e i g h i n g , and 

summed to g ive the composite index . 

"Bottom morphology" - BOTTOM 

T h i s index g i v e s a rough i n d i c a t i o n of the " r o c k y n e s s " of the 

sampl ing s i t e , by summing the a r b i t r a r i l y a s s i g n e d v a l u e s l i s t e d in 

t a b l e 31 to the recorded bottom c h a r a c t e r i s t i c s . 

T a b l e 31 

BOTTOM weighing s c a l e 

I f MUD abundant 1 

I f MUD p r e s e n t 3 

I f SAND abundant 5 

I f SAND p r e s e n t 7 

I f PEBBLE p r e s e n t 15 

I f PEBBLE abundant 20 

I f ROCK p r e s e n t 25 

I f ROCK abundant 30 
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"Human Impact I n d e x " - HI I 

In t h i s case t he s i t e c h a r a c t e r i s t i c s i n v o l v i n g p resence o r 

absence o f f r e s h w a t e r and was te o u t l e t s , p o r t s and h a r b o u r s , i n d u s t r i a l 

s i t e s and u r b a n d e v e l o p m e n t , were ranked i n o r d e r o f r e l a t i v e i n j u r i o u s n e s s 

t o t he e n v i r o n m e n t by c r o s s e s t i m a t i n g them on t h e m a t r i x i l l u s t r a t e d i n 

t a b l e 32 and a c o m p o s i t e i ndex was c r e a t e d by summing t he s i t e ' s rank 

v a l u e s and a d d i n g one t o remove ze ro v a l u e s . 
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T a b l e 

Human Impact Index m a t r i x 

A B C D r F G H I J K 

A FRESHW X 1 1 1 1 0 1 1 0 1 1 

B HARBOUR 0 X 0 1 - 0 0 0 0 

c FISHPORT 0 1 X 1 i 0 - 1 0 0 1 

D 01LTERM 0 0 0 X 0 0 o 1 0 0 

E 1 NDEV 0 - 0 i X 0 0 1 0 ! 1 

F QUARRY 1 1 1 ] X 1 0 1 

G SEWAGE 0 1 - 1 1 0 X 1 0 1 1 

H WASTE 0 0 0 0 0 0 0 0 0 

1 1NURB.1 1 ! ] 1 ! ! ! 1 X 1 1 

J 1 NURB.2 0 1 1 1 0 0 0 1 0 X 1 

K 1NURB.3 0 0 0 - 0 0 0 0 0 0 X 

TOTAL 2 6 4 8 5 1 3 9 0 5 9 

HI 1 3 7 5 9 6 2 k 10 1 6 10 
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