
UNEP 

En vironmental problems 

of the marine and coastal 

area of India: National Report 

UNEP Regional Seas Reports and Studies No. 59, 

UNEP 1985 



PREFACE 

The Regional Seas Programme was i n i t i a t e d  by UNEP i n  1974. Since then the  Governing 
Council of UNEP h a s  repea tedly  endorsed a r eg iona l  approach t o  t h e  c o n t r o l  of marine 
p o l l u t i o n  and the  management o f  marine and c o a s t a l  resources  and has  requested the  
development of r eg iona l  a c t i o n  plans. 

The Regional Seas Programme a t  present  i n c l u d e s  e leven  r eg ions  Ã‘ and has  over 120 
c o a s t a l  S t a t e s  p a r t i c i p a t i n g  i n  it. I t  is conceived as an ac t ion -o r i en ted  programme 
having concern no t  only f o r  t h e  consequences but a l s o  f o r  t h e  causes  o f  
envi ronnenta l  degradation and encompassing a comprehensive approach t o  c o n t r o l l i n g  
environmental problems through t h e  management o f  marine and c o a s t a l  a reas .  Each 
r eg iona l  ac t ion  plan is formulated according t o  the  needs o f  t h e  region a s  perceived 
by t h e  Governments concerned. It is designed t o  l i n k  assessment o f  t h e  q u a l i t y  of  
t h e  marine environment and t h e  causes  o f  its d e t e r i o r a t i o n - w i t h  a c t i v i t i e s  f o r  t h e  
management and development of t h e  marine and c o a s t a l  environment. The a c t i o n  p l ans  
promote t h e  p a r a l l e l  development o f  r eg iona l  l e g a l  agreements and of  ac t ion -o r i en ted  

2 programme a c t i v i t i e s  -' . 
In  May 1982 t h e  UNEP Governing Council adopted dec i s ion  10/20 request ing t h e  
Executive Di rec to r  of UNEP " to  e n t e r  i n t o  c o n s u l t a t i o n s  with t h e  concerned S t a t e s  of  
t h e  South Asia Co-operative Environment Programme (SACEP) t o  a s c e r t a i n  t h e i r  views 
regarding t h e  conduct of  a r eg iona l  s e a s  programme i n  t h e  South Asian Seas". 

I n  response t o  t h a t  r eques t  t h e  Executive D i r e c t o r  appointed a h igh  l e v e l  consu l t an t  
t o  undertake a mission t o - t h e  c o a s t a l  S t a t e s  o f  SACEP i n  October/November 1982 and . 
February 1983. The r e p o r t  o f  t h e  c o n s u l t a n t  on h i s  mission was t r ansmi t t ed  t o  t h e  
Governments of t h e  South Asian Seas reg ion  i n  May 1983, and t h e  recommendations o f  
t h e  Executive Di rec to r  were submit ted t o  t h e  Governing Council a t  its e leven th  
se s s ion .  

By dec i s ion  11/7 of 24 May 1983, t h e  UNEP Governing Council noted " the  consu l t a t ions  
c a r r i e d  o u t  i n  accordance with Council dec i s ion  10/20 of 3 1  May 1982" and requested 
" t h e  Executive Di rec to r  t o  des igna te  t h e  South Asian Seas a s  a reg ion  t o  be included 
i n  the  regional  s e a s  programme, i n  c lose  c o l l a b o r a t i o n  with the  South Asia 
Co-operative Environment Programme and Governments i n  t h e  reg ion ,  and t o  a s s i s t  i n  
t h e  formulation of  a plan of  ac t ion  f o r  t h e  environmental p ro t ec t ion  of t h e  South 
Asian Seas". 

I/ Mediterranean Region, Kuwait Action Plan  Region, West and Cent ra l  African 
Region, Wider Carribean Reg ion,  E a s t  Asian Seas  Region, South-East P a c i f i c  
Region, South P a c i f i c  Region, Red Sea and Gulf of  Aden Region, Eas tern  African 
Region, South-West A t 1  a n t i c  Reg ion and South Asian Seas  Reg ion. - 

2/ UNEP: Achievements and planned development o f  UNEP1s Regional Seas Programme 
and comparable programmes sponsored by o t h e r  bodies: UNEP Regional Seas Reports 
and -Studies No. 1. UNEP, 1982. 



A s  a  f i r s t  fol low-up a c t i v i t y  t o  d e c i s i o n  11/7 of t h e  Governing Counci l ,  t h e  
Execu t i ve  D i r e c t o r  convened, i n  co-opera t ion  w i th  t h e  South Asia  Co-operat ive 
Environment Programme (SACEP), a meet ing o f  n a t i o n a l  f o c a l  p o i n t s  o f  t h e  S t a t e s  o f  
t h e  reg ion  i n  o rde r  t o  seek  t h e i r  views on how t o  proceed i n  developing a  
comprehensive a c t i o n  p l an  f o r  t h e  p r o t e c t i o n  and management o f  t h e  marine and 
c o a s t a l  environment o f  t h e  South Asian S e a s  r eg ion  (Bangkok, Tha i land ,  19-21 March 
1984) .  

The meeting d i s cus sed  the s t e p s  l e ad ing  t o  t h e  adopt ion  o f  an  a c t i o n  p l an  and 
reached a  c o  s ensus  on t h e  i t e m s  t o  b e  cons idered  f o r  f u r t h e r  development o f  t h e  
a c t i o n  p l a n  Ã‘' Thi s -  would i n c l u d e  a  review o f  t h e  geographic  scope, t h e  
o b j e c t i v e s ,  t h e  p r i o r i t y  a r e a s  o f  r e g i o n a l  concern,  t h e  i n s t i t u t i o n a l  arrangements  
and t h e  f i n a n c i a l  arrangements .  

The meeting recommended t h a t  t h e  Governments, w i th  t h e  a s s i s t a n c e  of  UNEP and o t h e r  
o r g a n i z a t i o n s  a s  a p p r o p r i a t e ,  shou ld  i n i t i a t e  t h e  p r e p a r a t i o n  of  count ry  r e p o r t s  
reviewing t h e i r :  

- n a t i o n a l  environmental  problems de f i ned  as p r i o r i t y  a r e a s  o f  r e g i o n a l  concern; 

- a c t i v i t i e s  which may u s e f u l l y  b e  c a r r i e d  o u t  under t h e  a c t i o n  p l an  t o  r e s o l v e  o r  
m i t i g a t e  t h e s e  problems; and 

- n a t i o n a l  i n s t i t u t i o n a l  and manpower r e s o u r c e s  which a r e ,  o r  may be ,  involved i n  
d e a l i n g  w i th  t h e s e  problems,  i n c l u d i n g  t h e  i d e n t i f i c a t i o n  of  t h e  need t o  
s t r e n g t h e n  t h e i r  c a p a b i l i t i e s .  

I t  was a l s o  recommended t h a t  UNEP p r e p a r e  i n  coope ra t i on  w i th  SACEP, and o t h e r  
o r g a n i z a t i o n s  a s  app rop r i a t e :  

- a  d r a f t  overview r e p o r t ,  based on t h e  count ry  r e p o r t s ,  reviewing t h e  
environmental  problems o f  t h e  r eg ion  de f i ned  a s  p r i o r i t y  a r e a s ;  

- a  document .addressing t h e  e s s e n t i a l  l e g i s l a t i v e  a s p e c t s  r e l e v a n t  t o  t h e  a c t i o n  
p l an ;  and 

- a  d r a f t  a c t i o n  p lan  r e f l e c t i n g  t h e  conc lu s ions  o f  t h e  count ry  and r eg iona l  
r e p o r t s .  

The p r e s e n t  document is t h e  coun t ry  r e p o r t  on environmental  problems i n  I n d i a  
p repared  by e x p e r t s  de s igna t ed  by t h e  f o c a l  p o i n t  of  I n d i a  f o r  t h e  development o f  
t h e  Action P lan .  

3/ Report  o f  t h e  meeting of n a t i o n a l  f o c a l  p o i n t s  on t h e  development of  an  a c t i o n  
n l a n  fm tho n T Ã ˆ n 4 - o m 4 - i * - t  Ã§Â¥*n/ mi-m..-/^^ÃˆrÃ A -c A L -  ~ ' - . . A L  A - : - -  P _ _ -  - - - .  - . .  
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DEFINITION OF THE AREA 

In  t h e  p re sen t  review, t h e  Northern Indian  Ocean has been def ined  a s  t h e  a r ea  
between O0 and 2S0N l a t i t u d e  and between 40Â and 98OE longi tude .  Geographically, it 
is t h e  a r e a  from t h e  equator  t o  t h e  Gulf o f  Oman and t h e  head of t h e  Bay of Bengal 
on t h e  no r th  and from t h e  East  Afr ican  c o a s t  on t h e  west t o  t h e  c o a s t l i n e s  of  Burma, 
Thailand and Malaysia (excluding t h e  S t r a i t  o f  Malacca) on t h e  e a s t .  

The coun t r i e s ,  excluding t h e  Eas t  Afr ican  and Eas t  Asian s t a t e s ,  which are 
d i r e c t l y  dependent on t h i s  marine a r e a  a re :  Bangladesh, Burma, Ind i a ,  Maldives 
Pa i s t a n  and S r i  Lanka. These s i x  c o u n t r i e s  t oge the r  occupy an a r e a . o f  4.97 x 1 0  5 

& 

km and a r e  i nhab i t ed  by 958 m i l l i o n  people. However, t h e  geographical.-limits o f  
t h e  South Asian Seas reg ion  have been p r o v i s i o n a l l y  de f ined  a s  t h e  marine and 
c o a s t a l  a r e a s  o f  Bangladesh, Ind i a ,  t h e  Maldives, Pakis tan  and S r i  Lanka. The 
average populat ion d e n s i t y  is 193/km . Thus, on an average,  22.8 pe r  cen t  o f  t h e  
world populat ion l i v e s  i n  11.6 p e r  c e n t  o f  t h e  t o t a l  l and  a r ea . '  

The Arabian Sea, forming t h e  north-western p a r t  o f  t h e  Indian Ocean, occupies 
an a r ea  o f  6.225 x 1 0  km between l a t i t u d e s  O0 and 25ON and longi tudes  SO0 and 
80Â°E The Bay of Bengal, t h e  nor th-eas te rn  p a r t  o f  t h e  Indian Ocean, occupies an 
a r e a  of 4.087 x 10  km between l a t i t u d e s  O0 and 23ON and long i tudes  80Â and 100Â°E 

3 
Rivers  from Ind ia  d i s cha rge  1,645 km of f reshwater  t o  t he se  two marine a r e a s  

every year.  Rivers  from t h e  o t h e r  c o u n t r i e s  o f  t h e  region can a l s o  be expected t o  
d ischarge  a cons ide rab l e  amount o f  f reshwater .  L i t e r a t u r e  d a t a  i n d i c a t e s  t h a t  every 
year  runoff  f r  m the Brahmaputra, t h e  Irrawaddy and t h e  Indus r i v e r s y s t e m s  a r e  600, !I 
426 and 208 km re spec t ive ly .  

It  has been es t imated  t h a t  t h e  Bay of  Bengal and t h e  Arabian Sea toge ther  
occupy only  3 p e r  c e n t  o f  t h e  world oceanic  a r ea  but  r e c e i v e  9 p e r  cen t  o f  t h e  
g loba l  r i v e r  runoff .  

HYDROGRAPHIC FEATURES 

In r e l a t i o n  t o  t h e  equator ,  t h e  Indian  Ocean has an asymmetric shape l a r g e l y  
due t o  t h e  presence o f  t h e  Asian con t inen t .  The r e s u l t  is t h a t  t h i s  ocean g e t s  
separa ted  from t h e  deep-reaching v e r t i c a l  convect ion a r e a s  of  t he  nor thern  
hemisphere. Such an asymmetric con f igu ra t ion  l e a d s  t o  a weak c i r c u l a t i o n  and poor 
renewal a t  depths  of t h e  Northern Indian  Ocean. 

The Indian Ocean can,  broadly speaking,  be d iv ided  i n t o  t h r e e  reg ions  on t h e  
b a s i s  of t h e i r  d i s t i n c t  c i r c u l a t i o n  systems ( i )  t h e  s ea sona l ly  changing monsoon 
gyre;  ( i i )  t h e  south  hemisphere s u b t r o p i c a l  a n t i c y c l o n i c  gyre;  and ( i i i )  t he  
An ta rc t i c  waters  with t h e  circumpolar  c u r r e n t .  

The monsoon gyre ,  unique t o  t h e  Indian  Ocean, i s  sepa ra t ed  from the  s u b t r o p i c a l  
a n t i c y c l o n i c  gyre  by a f r o n t  i n  t h e  hydrochemical s t r u c t u r e  a t  about 10 S l a t i t u d e .  

- 
The Indian Ocean, no r th  of  t h e  equa to r ,  comprising of t h e  Arabian Sea ,  t h e  Bay 

of  Bengal, t h e  Andaman and LaccadivebSeas,  i n  add i t i on  t o  t h e  e q u a t o r i a l  reg ion ,  
comes under t h e  monsoon gyre.  However, t h e  hydrographical  and hydrochemical 
c h a r a c t e r i s t i c s  a r e  widely d i f f e r e n t  i n  d i f f e r e n t  p a r t s  o f  t h i s  gyre  i t s e l f  owing t o  
t h e  d ive r se  meteoro logica l  and geographica l  f a c t o r s  c h a r a c t e r i s t i c  of each area .  



The Arabian Sea is bordered on t h e  n o r t h e r n ,  e a s t e r n  and wes te rn  s i d e s  by t h e  
l a n d  masses o f  Asia  and Afr ica .  I t  is connec ted  t o . t h e  Gulf through t h e  Gulf o f  
Oman by a 50m deep  sill a t  t h e  Homuz S t r a i t .  S i m i l a r l y ,  a 125m deep sill a t  the '  
S t r a i t  o f  Bab-el-Mandab s e p a r a t e s  t h e  Red Sea from t h e  Arabian Sea through t h e  Gulf 
o f  Aden. The Arabian Sea is an  a r e a  of n e g a t i v e  w a t e r  b a l a n c e  where e v a p o r a t i o n  
exceeds  p r e c i p i t a t i o n  and runof f .  The e x c e s s  o f  e v a p o r a t i o n  over  p r e c i p i t a t i o n  is 
maximum (100-150cm) o f f  t h e  Arabian c o a s t  and, d e c r e a s e s  s t e a d i l y  towards  t h e  
s o u t h e a s t .  A s l i g h t  e x c e s s  o f  p r e c i p i t a t i o n  o v e r  e v a p o r a t i o n  (<20cm) o c c u r s  
a n n u a l l y  o f f  t h e  sou thwes t  c o a s t  o f  I n d i a .  The h i g h  r a t e  o f  e v a p o r a t i o n  r e s u l t s  i n  
t h e  fo rmat ion  o f  s e v e r a l  h i g h - s a l i n i t y  wate r  masses. The Arabian Sea h i g h  s a l i n i t y  
w a t e r ,  formed i n  t h e  nor thwes te rn  Arabian Sea,  f lows  southward and can be t r a c e d  a s  
a tongue o f  h i g h - s a l i n i t y  w i t h i n  t h e  s u r f a c e  l a y e r .  The h i g h  s a l i n i t y  wate r  i n  t h e  
Gul f ,  c h a r a c t e r i s e d  by a sigma v a l u e  o f  26.6, f lows  th rough  t h e   orm mu^ S t r a i t  and 
t h e  Gulf o f  Oman i n t o  t h e  Arabian Sea and m a i n t a i n s  its d e n s i t y  l e v e l  a t  about  300m 
depth .  T h i s  wate r  mass f lows  s o u t h ,  mos t ly  e a s t  o f  63OE l o n g i t u d e ,  and l o s e s  its 
c h a r a c t e r i s t i c s  i n  t h e  s o u t h e r n  Arabian Sea. The Red Sea wate r  e n t e r s  t h e  Arabian 
Sea through t h e  S t r a i t  o f  Bal-el-Mandab and t h e  Gulf o f  Aden a long  sigma 27.2 a t  t h e  
s u r f a c e .  T h i s  wate r  mass is g e n e r a l l y  c o n f i n e d  t o  s o u t h  o f  about  17ON l a t i t u d e .  

Occas iona l ly ,  t h e  sub-sur face  h i g h  s a l i n i t y  w a t e r  masses  o r i g i n a t i n g  i n  t h e  
Gulf and t h e  Red Sea form a t h i c k  l a y e r  which is v e r t i c a l l y  o f  a lmost  uniform 
s a l i n i t y ,  a l t h o u g h  t h e  i n d i v i d u a l  l a y e r s  can  still b e  recognized  a s  weak s a l i n i t y  
maxima. The whole l a y e r  is c a l l e d  t h e  North I n d i a n  h i g h - s a l i n i t y  i n t e r m e d i a t e  
wate r .  The deep  and bottom w a t e r s  a r e  o f  c i rcumpola r  o r i g i n ,  p robab ly  t r a n s p o r t e d  
by a deep  wes te rn  boundary c u r r e n t  through a c h a i n  o f  b a s i n s .  They a r e  c a l l e d  t h e  
North I n d i a n  Deep Water and North Ind ian  Bottom Water. 

S u r f a c e  c i r c u l a t i o n  i n  t h e  Arabian Sea undergoes  b i a n n u a l  r e v e r s a l  a s s o c i a t e d  
w i t h  t h e  sou thwes t  (SW) and n o r t h e a s t  (NE) monsoons. The NE monsoon is weak i n  t h i s  
r e g i o n ,  b u t  t h e  SW monsoon is v e r y  i n t e n s e .  S t r b n g  winds blowing with  t h e  Somali 
and t h e  Arabian c o a s t s  t o  t h e  l e f t  c a u s e  i n t e n s e  upwel l ing  o f f  t h e s e  c o a s t s  d u r i n g  
t h e  SW monsoon per iod .  Moderate upwel l ing a l s o  o c c u r s  o f f  t h e  southwest  c o a s t  o f  
I n d i a ,  p a r t l y  d u e  t o  t h e  c y c l o n i c  motion i n  t h e  neighbourhood of  t h e  Maldives and 
t h e  Laccadives .  

I n  c o n t r a s t  t o  t h e  Arabian Sea, t h e  Bay o f  Bengal is a r e g i o n  o f  p o s i t i v e  water  
ba lance .  The a v e r a g e  annua l  e x c e s s  o f  p r e c i p i t a t i o n  is o f  t h e  o r d e r  o f  70cm. The 
t o  a 1  annua l  r i v e r  runof f  i n  t h e  Bay of  Bengal h a s  been e s t i m a t e d  t o  be about  2,000 5 
km . The h i g h  e x c e s s  o f  p r e c i p i t a t i o n  over  e v a p o r a t i o n  and t h e  massive r i v e r  
runnof f  r e s u l t  i n  low s u r f a c e  s a l i n i t i e s ,  e s p e c i a l l y  i n  t h e  n o r t h e r n  Bay of  Bengal. 
The s a l i n i t y ,  lower a t  any l e v e l  i n  t h e  Bay o f  Bengal  a s  compared t o  t h e  Arabian 
Sea,  i n c r e a s e s  s t e e p l y  w i t h i n  t h e  the rmocl ine /pycnoc l ine  and a weak s a l i n i t y  maximum 
may be observed a t  a d e p t h  o f  about  500m. The s a l i n i t y  t h e r e a f t e r  d e c r e a s e s  
monotonously w i t h  dep th .  The SW monsoon c u r r e n t  p robab ly  c a r r i e s  t h e  North , I n d i a n  
h i g h  s a l i n i t y  i n t e r m e d i a t e  water  from t h e  Arabian Sea and f i l l s  t h e  Bay of  Bengal a t  
i n t e r m e d i a t e  d e p t h s ,  r e s u l t i n g  i n  t h e  s a l i n i t y  maximum. The deep water  is of 
c i rcumpola r  o r i g i n  p robab ly  d e r i v e d  from t h e  c e n t r a l  Ind ian  b a s i n .  

A s  i n  t h e  Arabian Sea, t h e  s u r f a c e  c i r c u l a t i o n  i n  t h e  Bay o f  Bengal changes 
w i t h  t h e  monsoonal cyc le .  The NE monsoon is much more i n t e n s e  h e r e  a s  compared t o  
t h e  Arabian Sea. Induced by f a v o u r a b l e  c u r r e n t s  and winds, moderate upwel l ing 
o c c u r s  a l o n g  " the  c o a s t  o f  I n d i a  d u r i n g  t h e  SW monsoon, even though t h e  runof f  from 
t h e  r i v e r s  may p a r t i a l l y  compensate f p r  t h e  o f f s h o r e  movement o f  s u r f a c e  wate rs .  



NATURE OF ENVIRONMENTAL PROBLEMS 

A l l  t h e  coun t r i e s  i n  t h i s  reg ion  of t h e  Indian Ocean a r e  developing 
count r ies .  Their major source  o f  revenue is a g r i c u l t u r e ,  i n d u s t r y  and i n  some 
coun t r i e s  a l s o  mining. The e f f e c t s  o f  p o l l u t i o n  i n  t h e  marine environment, 
l a r g e l y  a r i s i n g  out  o f  t h e  economic a c t i v i t i e s ,  began t o  be f e l t  on ly  r e c e n t l y  
al though t h e  p r a c t i c e s  have continued over a  long per iod  of  time. These 
problems, however, a r e  l a r g e l y  confined t o  t he  c o a s t a l  a r e a s  o f  most c o u n t r i e s ,  
a l though owing t o  t h e  p reva i l i ng  wind system, t h e  p a t t e r n s  o f  water c i r c u l a t i o n  and 
t h e  na tu re  of bottom topography, t h e  e f f e c t s  can have far-reaching 
impl ica t ions .  

While a  few o f  t h e  problems a r e  q u i t e  chronic  i n  some coun t r i e s ,  t hey  a r e  
r e l a t i v e l y  s imple i n  o thers .  I n  t h i s  communication no. at tempt hai been made t o  
d i f f e r e n t i a t e  between them and hence it is g r e a t l y  hoped t h a t  most o f  t h e  
problems presented here  would be o f  gene ra l  i n t e r e s t .  

Domestic sewage and i n d u s t r i a l  e f f l u e n t s  

Due t o  i nc reas ing  urbaniza t ion  and i n d u s t r i a l i z a t i o n  throughout t h e  reg ion ,  t h e  
volume of sewage and i n d u s t r i a l  waste  product ion is c o n s t a n t l y  on t h e  i nc rease .  
Many c o u n t r i e s  have s e v e r a l  l a r g e  r i v e r s  f lowing through t h e i r  landmass, bu t  because 
of increased  human a c t i v i t i e s  around them many of  t h e s e  r i v e r s  have become badly 
pol lu ted .  These two human a c t i v i t i e s a l s o  c o n t r i b u t e  q u i t e  s u b s t a n t i a l l y  t o  t h e  
degradat ion of  t h e  ad jo in ing  seas .  Sewage and i n d u s t r i a l  wastes i n  . these c o u n t r i e s ,  
e i t h e r  un t rea ted  o r  p a r t i a l l y  t r e a t e d ,  a r e  allowed t o  be discharged i n t o  t h e  r i v e r s  
and seas.  The magnitude o f  t rea tment  undertaken can, perhaps,  be assessed  from t h e  
f a c t  t h a t  i n  a  c o m t r y  l i k e  India ,  on ly  42 c i t i e s ,  with a  popula t ion  o f  over  -100,000 
have arrangements f o r  sewage t rea tment .  Hardly 50 p e r  cen t  of  t h e  t o t a l  populat ion 
i n  t h e  coun t r i e s  bordering t h e  Indian Ocean is provided with proper  s a n i t a t i o n  
arrangements. The r e s u l t  is t h a t  h igh  coun t s  o f  co l i form b a c t e r i a  a r e  o f t e n  found 
on t h e  beaches and i n  c o a s t a l  waters.  

Examination of  t h e  concent ra t ion  o f  t o x i c  metals ,  such a s ,  Hg, Cd and Pb, 
r e v e a l s  t h a t  i n  plankton and i n  f i s h e s  t h e  l e v e l s  o f  these  me ta l s  a r e  still much 
lower than t h e  acceptable  maximum f o r  them i n  many i n d u s t r i a l i z e d  coun t r i e s .  

~ q r i c u l t u r a l  wastes 

, F e r t i l i z e r s ,  p e s t i c i d e s  and i n s e c t i c i d e s  a r e  q u i t e  abundantly used i n  t h e  
developing coun t r i e s  i n  a g r i c u l t u r e ,  p e s t  c o n t r o l  and vec tor  con t ro l .  The 
q u a n t i t i e s  of  p e s t i c i d e s  and i n s e c t i c i d e s  used.every year  vary widely between these  
coun t r i e s .  In  many c o u n t r i e s ,  however, o rganochlor ine  p e s t i c i d e s  a r e  e i t h e r  
prohib i ted  o r  a r e  g radua l ly  being rep laced  by organophosphorous and carbamate 
pes t i c ides .  Very l i t t l e  s tudy  on t h e i r  accumulation and harmful e f f e c t s  has  been 
c a r r i e d  out.  However, a  recent  survey has  shown t h a t  plankton i n  t h e  Arabian Sea, 
o f f  t h e  west c o a s t  o f  Ind i a ,  has  a  DOT concent ra t ion  ranging from 0.05 - 3.21 ppm 
wet weight. 

Use of t h e  organochlorine and organomercurial  p e s t i c i d e s  has  been banned i n  a l l  
t h e  i n d u s t r i a l  c o u n t r i e s  o f  t h e  world. But t h e i r  t o t a l  product ion has n o t  been 
reduced, r a t h e r ,  a  r e l a t i v e  i n c r e a s e  i n  t h e i r  manufacture is t ak ing  place.  A 
hypothesis  has very r e c e n t l y  been out  forward that there cshnn1t-l he ii--.+i,.-.--Aii 



Radioact ive and thermal wastes  

Although, power genera t ion  is mostly thermal i n  t h e  reg ion ,  in some c o u n t r i e s ,  
nuc lear  power is a l s o  being generated.  So f a r  no s e r i o u s  harm has  been repor ted  
from these  sources,  but f l y  ash  from thermal power p l a n t s  i n v a r i a b l y  c r e a t e s  
environmental problems. 

Radioactive wastes from nuclear  power p l a n t s  a r e  normally disposed of  according 
t o  strict i n t e r n a t i o n a l  conventions. However, t h e i r  hea t  gene ra t ion  poses s e v e r a l  
problems. Nuclear power p l a n t s  normally r e l e a s e  50 p e r  c e n t  o f  t h e i r  genera ted  hea t  
t o  t h e  c o a s t a l  marine environment. F lo ra  and fauna i n  t h e  warm t r o p i c a l  wa te r s  l i v e  
dangerously c lo se  t o  t h e i r  upper l e t h a l  l i m i t s  o f  temperature,  p a r t i c u l a r l y  dur ing  
t h e  warm summer months. It does n o t  need a l a r g e  ' dev i a t i on  from t h i s  l i m i t  t o  
r e s u l t  i n  a environmental ca t a s t rophe .  Release o f  t h e  h o t  s a l t y  water ,  when coupled 
with t h e  wind system a l t e r s  t h e  c u r r e n t  and mixing p a t t e r n s  from o f f sho re  t o  
onshore. This is more probable i n  t r o p i c a l  a r e a s  where t h e  range o f  t h e  
semi-diurnal t i d e s  is q u i t e  high. 

Tourism 

In developing coun t r i e s  more and more emphasis is being placed on t h e  promotion 
of  tourism. The r e s u l t  is t h a t  t o o  many l a r g e  h o t e l s  a r e  being cons t ruc t ed  along 
t h e  beaches. Wastes from these  h o t e l s  a r e  very  o f t e n  a s e r i o u s  t h r e a t  t o  t he '  
ad jacent  marine h a b i t a t .  In some c o u n t r i e s  garbage and o t h e r  wastes  from these  
h o t e l s  have s p o i l t  t h e  beauty o f  t h e  beaches and l e d  t o  contaminat ion  o f  t h e  
environment and generat ion of  hydrogen su lph ide  i n  t h e  water.  

O i l  . s p i l l s  

In  1983 t h e  g loba l  marine t r a n s p o r t  o f  o i l  was 1,206 m i l l i o n  t o n n e s  (MT), of 
which 513 MT o r  42.5 pe r  cen t  o f  t h e  t o t a l  was sh ipped  from t h e  Gulf c o u n t r i e s  (BP, 
1982). 

The main rou te s  of  marine t r a n s p o r t  o f  o i l  from t h e  Gulf c o u n t r i e s  a r e  ac ros s  
t h e  Arabian Sea. One of t he se  is through t h e  Mozambique Channel around South Afr ica  
t o  t h e  Western Hemisphere, while  t h e  o t h e r  one .is around S r i  Lanka ac ros s  t h e  
southern Bay of Bengal through t h e  Malacca S t r a i t  t o  t h e  Far East  and Japan ( f i g u r e  
1 ) .  In 1983, 291 M T  of o i l  was shipped t o  t h e  Western Hemisphere and 222 MT t o  t he  
Far East  and Japan from t h e  .Gulf c o u n t r i e s .  This  coupled with t h e  i nc reas ing  
emphasis on of fshore  o i l  exp lo ra t i on  i n  many c o u n t r i e s  o f  t h e - r e g i o n ,  makes t h e  
nor thern  Indian Ocean very vulnerable  t o  o i l  p o l l u t i o n .  

Sources of  o i l  po l lu t i on  a r e  tanker, d i s a s t e r s ,  b a l l a s t  water  and b i l g e  
washings. For tuna te ly ,  on ly  a few tanker  d i s a s t e r s  have occured, s o  f a r ,  a long 
these  tanker  routes .  However, t h e  e f f e c t  o f  t h e  o i l  p o l l u t i o n  can be seen on t h e  
beaches i n  t he  form of d e p o s i t s  o f  t a r - l i k e  r e s idue .  The frequency and i n t e n s i t y  of  
t h i s  res idue  depend on t h e  c u r r e n t  d i r e c t i o n  a long  t h e  c o a s t a l  reg ion .  Because of  
t h e  monsoon winds, t h e  s u r f a c e  c u r r e n t s  change d i r e c t i o n  every  s i x  months. Whenever 
a shoreward component of  s u r f a c e  c u r r e n t  develops,  heavy d e p o s i t i o n  of  t a r  b a l l s  
occurs  on t h e  beaches. 

I t  has been ca l cu l a t ed  t h a t  a t  any one time t h e  amount o f  f l o a t i n g  t a r  i n  t h e  
su r f ace  l a y e r s  of t he  Arabian Sea would be about 3,700 tonnes whi le  along t h e  tanker  
rou t e  across t he  southern Bay of  Bengal t h e  t a r  would amount t o  1,100 tonnes. This 



Uoral r e e f s  and manqroves 

Coral  r e e f s  and'mangroves ( i nc lud ing  macroalgae and seag ra s se s )  occur widely i n  
almost a l l  t h e  Indian  Ocean coun t r i e s .  Damages t h a t  can occur t o  t he se  ecosystems 
a s  a r e s u l t  o f  ove rexp lo i t a t i on  of  t h e  r e e f s  o f  mangroves o r  because o f  p o l l u t i o n  
a r e  q u i t e  ex tens ive .  These can be summarized a s  follows: 

Coral  r e e f s  

. Coral  r e e f s  o f  t h e  t r o p i c a l  Indian Ocean inc lude ,  f r i n g i n g  and b a r r i e r  r e e f s ;  
sea-level  a t o l l s ;  and e l eva t ed  r e e f s .  The a r e a s  o f  t h e i r  occurrences are: NW and 
SE c o a s t s  o f  Ind i a ,  ~ a c c a d i v e  ~ s l a n d s ,  Andaman and Nicobar I s l a n d s  and Maldives 
I s lands .  Radiocarbon d a t i n g  o f  some of  t h e - c o r a l  r e e f s  has  i nd i ca t ed  t h e i r  ages a s  
being more than  2 , 0 0 0 y e a r s  o ld .  The growth r a t e  of  c o r a l s  i n  t h e  A t l an t i c ,  a s  
determined by use o f  Ra, has  been found t o  be 0.15 - O.Son/year. The growth r a t e  
of  t h e  c o r a l s  i n  t h e  Indian Ocean can be assumed t o  be of  a s i m i l a r  order .  

Most o f  t h e  c o r a l  r e e f s  i n  t h i s  reg ion  have been dec lared  a s  endangered 
ecosystems. Severa l  c o r a l  r e e f s  have almost disappeared because of  t h e  c o l l e c t i o n  
of  c o r a l  d e b r i s  and l i v e  c o r a l s  f o r  use a s  a raw m a t e r i a l  i n  t h e  cement i ndus t ry ,  
while  o t h e r s  have d i ed  due t o  t h e i r  cons t an t  exposure t o  p o l l u t a n t s ,  p a r t i c u l a r l y  
o i l .  Examples of  t h i s  a r e :  t h e  region of Kava ra t t i  r ee f  i n  t h e  Laccadives; and 
r e e f s  found i n  t h e  southern  p a r t  o f  t h e  Great Nicobar I s l and  i n  t h e  Andaman group. 

Mangroves 

Mangroves c o n s t i t u t e  an important  resource  i n  t h e  reg ion  and form spawning 
grounds, n u r s e r i e s  and feeding  grounds f o r  economically important  f i s h e s  and 
crus taceans .  They a c t  a s  a b u f f e r  zone and o f f e r  p ro t ec t ion  t o  vulnerable  
communities l i k e  t h e  c o r a l  r e e f s .  They a l s o  s t a b i l i z e  t h e  bottom sediments, c o n t r o l  
t h e  l o c a l  mean water  l e v e l  and t h e  d i r e c t i o n  of  flow. Mangroves c o n s t i t u t e  a 
s i g n i f i c a n t  po r t i on  o f  t h e  c o a s t a l  wetland i n  many c o u n t r i e s  and "a  f a i r l y  l a r g e  
percentage of  t h e  human populat ion is dependent on them. For example, about 
one-eighth of t h e  Bangladesh wetland is mangrove and one-third of  t he  t o t a l  
populat ion "of t h a t  count ry  is e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  dependent on t h e  
mangrove ecosystem. 

Due t o  t h e  ever  i nc reas ing  demand f o r  land and f u e l ,  many mangrove a r e a s  of  t h e  
Indian Ocean region have been and a r e  being destroyed.  This has l ed  t o  heavy 
s i l t a t i o n  i n  t h e  nearshore  region and with no p r o t e c t i v e  cover of  mangrove, t h e  
devas ta t ion  of  men and m a t e r i a l  caused dur ing  cyclones i n  c o a s t a l  a r e a s  is immense. 
Mangroves occur i n  profusion along the  NE c o a s t  of  Ind i a ,  ~ a n g l a d e s h  and S r i  Lanka. 

S i l t a t i o n  

The Indian Ocean annua l y  r e c e i v e s  34 x 1 0  tonnes of  suspended sediment, h a l f  & 
of  which o r  about 16  x 1 0  tonnes comes from t h e  r i v e r s  flowing through t h e  Indian 
sub-continent.  This  quan t i t y  is on t h e  i nc rease  due t o  human a c t i v i t i e s ,  such a s ,  
mining on land ,  c l ea rance  of  land  f o r  a g r i c u l t u r e ,  lumbering, urbaniza t ion  and 
i n d u s t r i a l i z a t i o n ,  and dredging t o  deepen harbour-channels  a n d  e s t u a r i e s .  

Most of  t h e  silt settles nea r  t h e  r i v e r  mouths and i n  c o a s t a l  a reas .  This 
probably dec reases  t h e  p r o d u c t i v i t y  of t h e  water and d e p l e t e s  f i s h e r y  resources.  
Although these  e f f e c t s  have been i n d i c a t e d  i n  many c o u n t r i e s ,  no t  much d i r e c t  
evidence has been obtained on t h e  i n f luence  of s i l t a t i o n  on marine and e s t u a r i n e  
C1 chon< /in 



Ihese then a r e  t h e  p o t e n t i a l  marine p o l l u t i o n  problems, chronic  o r  acute ,  
d i r e c t  o r  i n d i r e c t ,  i n  t h e  c o u n t r i e s  i n  t h e  Indian Ocean region. 

Nearshore c o a s t a l  water  

2 
India  has a  long c o a s t l i n e .  From t h e  EEZ a r e a  of  2.02 mi l l i on  km about  40 p e r  

cen t  belongs t o  t h e  i s l a n d  groups o f  Andaman & Nicobar and Lakshadweep. With a  
regard  t o  commercially e x p l o i t a b l e  l i v i n g  resources  t h e  s h e l f  a r ea  on t h e  e a s t  and 
west c o a s t s  a s  w e l l  a s  t h e  nearshore waters  upto about 40 fathoms a r e  being 
exp lo i t ed  and most o f  t h e  c u r r e n t  product ion of  1,600 thousand tonnes is harves ted  
from t h e  nearshore waters .  

The quantum jump from 7.2 hundred thousand tonnes dur ing  1981 ' t o  t h e  p re sen t  
product ion occurred mainly due t o  mechanization. A s  a  r e s u l t ,  t o  d a t e  t h e r e  a r e  
about 20,000 mechanized boa t s  and 75 deep s e a  f i s h i n g  v e s s e l s  i n  t h e  commercial 
s e c t o r  ope ra t ing  i n  t h e  nearshore waters .  In  add i t i on , -unde r  the' Government o f  
I n d i a  pol icy ,  u n t i l  March 1983 t h e r e  were 38 cha r t e r ed  fo re ign  f i s h i n g  v e s s e l s  
ope ra t ing  i n  t h e  nearby o f f sho re  a r ea s .  

During t h e  7 t h  p l an ,  t h e  i n t roduc t ion  o f  about 200 a d d i t i o n a l  deep s e a  f i s h i n g  
t r a w l e r s  is envisaged i n  t h e  Indian waters .  These a c t i v i t i e s  a r e  o f  s p e c i a l  
s i g n i f i c a n c e  p a r t i c u l a r l y  when t h e  f i s h i n g  ope ra t ions  a r e  concent ra t ing  i n  t h e  
product ive zones such a s  o f f  Gujara t ,  Konkan c o a s t ,  o f f  Karnataka and Kerala  i n  
Wadge Bank and i n  t h e  sou th  west c o a s t  inc luding  t h e  waters  around Lakshadweep. 
S imi l a r ly ,  i n  t h e  e a s t  c o a s t  t h e  h igh ly  product ive  zone of Sand Heads o f f  Or issa  and 
t h e  waters  around t h e  Andaman and Nicobar would be t h e  t a r g e t s .  These product ive  
zones a r e  n o t  on ly  exposed t o  t h e  dangers  of  i nd i sc r imina t e  f i s h i n g  but  a l s o  exposed 
t o  man made s t r e s s  on t h e  ecosystem through t h e  opera t ion  of  mechanized b o a t s  u s ing  
f o s s i l  f u e l .  

The Government o f  Ind i a  has c i r c u l a t e d  a  model b i l l  t o  maritime S t a t e s  and U T s  
f o r  enac t ing  s u i t a b l e  l e g i s l a t i o n  t o  demarcate zones of  ope ra t ion  f o r  non-mechanized 
t r a d i t i o n a l  boa t s  and smal l  mechanized boats  a s  w e l l  a s  deep-sea f i s h i n g  t r awle r s .  
While fo re ign  f i s h i n g  v e s s e l s  a r e  no t  permit ted t o  f i s h  i n  t h e  t e r r i t o r i a l  waters  
wi th in  12 NM ( r e s t r i c t i o n  beyond 24 NM under contemplation) most of  t h e  maritime 
S t a t e s  have enacted l e g i s l a t i o n  which p r o h i b i t s  smal l  mechanized boa t s  from f i s h i n g  
i n  t h e  10 km a rea  from t h e  coas t l i ne .  This l e g i s l a t i o n ,  i n  add i t i on  t o  safeguard ing  
the  i n t e r e s t s  o f  t h e  smal l  fishermen, a l s o  he lp  t o  a  c e r t a i n  e x t e n t  i n  p ro t ec t ing  
the  ecology of  c o a s t a l  waters  from t h e  s t r e s s  a f forded  by mechanized boats .  

RESEARCH AND MONITORING ACTIVITIES 
Ã 

Monitoring and r e sea rch  on marine po l lu t i on  a r e  f a s t  developing a c t i v i t i e s  i n  
many coun t r i e s  o f  t h e  Indian Ocean region.  Surveys f o r  t h e  c o l l e c t i o n  of  b a s e l i n e  
d a t a  on almost a l l  o f  t h e  p o t e n t i a l  p o l l u t a n t s  i n  t h e  marine environment a r e  under 
progress  and a f a i r l y  good da t a  base has been b u i l t  up. These d a t a  a r e  most ly on 
t h e  environmental cond i t i ons  i n  t h e  c o a s t a l  and nearshore reg ions  and a l s o  on some 
p a r t s  of t h e  open a r e a s  of  t h e  Arabian Sea and t h e  Bay of Bengal inc luding  t h e  
ad j acen t  a r e a s  of t h e  Laccadive and t h e  Andaman group o f  i s l a n d s .  Severa l  reviews 
o f  a l l  these  i n v e s t i g a t i o n s  have been published i n  r ecen t  years .  The fol lowing 
d e t a i l s  have been e x t r a c t e d  from these  pub l i ca t i ons  and combined with da t a  c o l l e c t e d  
subsequent1 y. 



Petroleum hydrocarbons 

In  a l l  6,689 obse rva t ions  were made on o i l  s l i c k s  and o t h e r  f l o a t i n g  p o l l u t a n t s  
along t h e  tanker  and t r a d e  r o u t e s  a c r o s s  t h e  nor thern  Indian Ocean. Of t he se ,  o i l  
w a s  s igh ted  on 5,582 occas ions  o r  on 83.5 p e r  cen t  o f  t h e  t o t a l  number of 
observa t ions  ( f i g u r e  2) .  The d a t a  were then  p l o t t e d  i n  5 O  squares.  The percentage 
of  o i l  s i gh t ings  ranged from 51 t o  96. The nunber o f  o i l  s i g h t i n g s  increased away 
from the  Gulf region.  Even i n  a r e a s  away from t h e  tanker  and t r a d e  rou te s ,  t h e  
percentage of o i l  s i g h t i n g s  was almost  o f  a s i m i l a r  order .  For tuna te ly  s o  f a r ,  t h e  
occurrence of  tanker  d i s a s t e r s  has  n o t  been very  s i g n i f i c a n t  along these  rou t e s .  
Therefore, i t  could be concluded t h a t  o i l  is r e l e a s e d  i n  t h i s  reg ion  mainly from t h e  
b a l l a s t  and b i l g e  washings o f  t h e  s h i p s  and t h a t  t h e  nor thern  Indian Ocean is a well 
known a rea  f o r  t h e  occurrence o f  o i l  s l i c k s .  

O b s e r v a t i o n s  on t h e  f l o a t i n g  petroleum r e s i d u e s  from t h e  Indian Ocean reg ion ,  
a r e  presented i n  t a b l e  1. A s  expected,  t h e  concen t r a t i ons  show v a r i a t i o n s  i n  t i m e  
and are occas iona l ly  f a i r l y  h igh  a long  t h e  t anke r  rou t e s .  1n t h e  A r  b ian  Sea, t h e  9 
concent ra t ions  range from 0 t o  6.0 mg/m2 wi th  a mein of  0.59 mg/m '. The range i n  

5 
-2 

t h e  ay of  Bengal tanker  r o u t e  va r i ed  from 0 t o  69.75 mg/m wi th  a mean of  1.52 
mg/m . This probably i n d i c a t e d  t h a t  t h e  t anke r  r o u t e  i n  t h e  Bay of  Bengal is 
r e l a t i v e l y  more po l lu t ed  than t h a t  o f  t h e  Arabian Sea. 

A number of  obse rva t ions  were taken a long  t h e  west-going tanker  r o u t e  on t h e  
Arabian Sea during June-September 1983 ( t a b l e  1). Absence of  f l o a t i n g  t a r  b a l l s  i n  
t h i s  reg ion  during this pe r iod  was expec ted  a s  t h e  s u r f a c e  c u r r e n t s  on t h e  Arabian 
Sea normally flows d i r e c t l y  towards t h e  Indian  west c o a s t  dur ing  t h e  SW monsoon 
months. 

Applying t h e  average c o n c e n t r a t i o n s  o f  f l o a t i n g  t a r  b a l l s  t o  t h e  a r e a s  o f  t h e  
Arabian Sea (6.225 x 1 0  km from 0Â°z250 and 50Â°-80Â° and t h e  tanker  r o u t e  a c r o s s  
t h e  southern Bay of  Bengal (0.73 x 1 0  km from 5O-7ON and 80Â°-95OE) t h e  t o t a l  
quan t i t y  present  comes t o  3700 and 1100 tonnes  r e s p e c t i v e l y  f o r  t he se  two areas .  

Accumulation o f  f l o a t i n g  t a r  is e n t i r e l y  dependent on t h e  s u r f a c e  cu r r en t s .  I n  
t he  a r e a s  of  s t rong  s u r f a c e  c u r r e n t s ,  e.g. t h e  Gulf Stream and Kuroshio, heavy 
accumulation of t a r  p a r t i c l e s  have been obse ved. The observed concentra  ion  i n  t h e  5 5 
North A t l an t i c  ranged from 0.12 - 0.64 mg/m wi th  a maximum of 91.8 vg/m . Simi l a r  
accumulation i n  t h e  Northwestern P a c i f i c  ranged from 0.02 - 13.3 mg/m . Thus, t h e  
o i l  tanker  routes  i n  t h e  nor thern  Ind ian  Ocean appear  t o  be a s  much po l lu t ed  a s .  
those  i n  t h e  o ther  oceans. 

I f  we assume t h a t  t h e  abundance o f  o i l  e n t e r i n g  any marine a r e a  is p ropor t i ona l  
t o  t h e  volume t ranspor ted ,  and t h a t  t h e  average  quan t i t y  of  o i l  p resent  i n  t h e  s e a s  
around India is 0.36 p e r  c e n t  o f  t h e  t o t a l  flow, t h a t  1 p e r  c e n t  o f  t h e  t o t a l  i npu t  
ends up a s  f l o a t i n g  t a r  and t h a t  t h e  volume t r anspo r t ed  ac ros s  t h e  Bay of Bengal 
tanker  rou t e  is 35 p e r  cen t  o f  t h e  t o t a l  t r a n s p o r t  a c r o s s  t h e  Arabian Sea, then,  t h e  
"residence time" of f l o a t i n g  t a r  i n  t h e  no r the rn  Indian Ocean ranges from 33 t o  38  
days. The average t a r  concen t r a t i on  on t h e  s u r f a c e  o f  t h e  North A t l a n t i c  has been 
ca l cu l a t ed  a s  5200 tonnes  and its r e s i d e n c e  time is about  58  days. Thus, i t  can be 
concluded t h a t  t a r  found i n  t h e  s e a  remains unchanged from 30 t o  60 days. 

A s  can be s e e n f r o m  t a b l e  1, t h e  concen t r a t i ons  o f  d i sso lved  and d ispersed  
petroleum hydrocarbons from t h e  s u r f a c e  t o  20m were almost uniform, excepting some 
occasional  high va lues .  Some seasona l  v a r i a t i o n s ,  a s  seen  from t a b l e  1, may be due 
t o  d i f f e r ences  i n  t h e  i n t e n s i t y  of t anke r  t r a f f i c  from month t o  month and because o f  
t h e  changes i n  t he  me te ro log ica l  cond i t i ons .  



Ihe average concent ra t ions  o f  d i s so lved  petroleum hydrocarbons i n  t h e  upper 20 
metres  along t h e  tanker  r o u t e s  i n  t h e  Arabian Sea and t h e  Bay of  Bengal were 42.8 
and 28.2 pg/kg respec t ive ly .  Ca lcu l a t i ng  t h e  volumes i n  t h e  upper 20m from t h e  
t o t a l  a r e a s ,  mentioned e a r l i e r ,  t h e  q u a n t i t y  o f  petroleum hydrocarbons present  i n  
t h e  uppermost 20m of t h e  water column would be  about  5 x 1 0  tonnes i n  t h e  e n t i r e  
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Arabian Sea and 0.4 x 1 0  tonnes i n  t h e  Bay of Bengal tanker  rou t e .  A summing-up o f  
a l l  t h e  va lues  of  t a b l e  1, would r e s u l t  i n  f i g u r e  3,  dep ic t i ng  t h e  d isso lved  
petroleum re s idues  i n  t h e  nor thern  Indian  Ocean, a s  a t  1983. 

Some observa t ions  on t h e  concen t r a t i on  of  petroleum hydrocarbons i n  zooplankton 
and i n  t h e  sediments o f  t h e  Arabian Sea o f f  t h e  west c o a s t  o f  India  a r e  a l s o  
a v a i l a b l e .  In zooplankton t h e  concen t r a t i on  was found t o  range from 19.5 - 83.3 

. pg/g, while  i n  t he  sediments t h e  range was 4.8 - 8.5 pg/g, both on a  d r y  weight 
b a s i s . -  In some inshore  a r e a s  o f  Bombay h igh ,  concen t r a t i ons  of petroleum 
hydrocarbons ranging from 142 - 393 pq/g wet weight ,  were recorded i n  sediments. 

Deposition of  t a r - l i k e  r e s i d u e s  on t h e  beaches is  more o r  less a chronic 
problem i n  almost a l l  t h e  c o u n t r i e s  border ing  t h e  Indian Ocean. However, t h i s  is a 
seasonal  phenomenon depending on t h e  p a t t e r n  o f  c o a s t a l  c i r c u l a t i o n  l a r g e l y  
r egu la t ed  by t h e  monsoons. Records from t h e  w e  t c o a s t  o f  India  dur ing  the  years  
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1975 and 19 6 i n d i c a t e  a  range of 22 t o  448 g / m  w i th  a  peak va lue ,  on one occasion, 
o f  1386 q / m  . 

Perhaps, t h e  most important  a s p e c t  o f  o i l  p o l l u t i o n  is its ubiqui tous  and 
sometimes i n v i s i b l e  presence i n  harbours ,  c o a s t a l  r eg ions ,  a long  o i l  tanker  routes ,  
and i n  t h e  o f f sho re  o i l f i e l d s .  Sources f o r  such  o i l  are: 

O i l  s p i l l a g e  dur ing  o f f  sho re  d r i l l i n g  i n  EEZ (Exclus ive  ~'conomic Zone) : 

- i n  a  blow-out s i t u a t i o n ;  - minor l o s s e s  dur ing  normal d r i l l i n g  and producing opera t ions ;  
- acc idents  causing major o i l  spills o f  more than 50 b a r r e l s .  

O i l  d i scharges  by a l l  t a n k e r s  and cargo  s h i p s  wi th in  EEZ: 

- t r a n s p o r t a t i o n  l o s s e s  from t anke r  and cargo-ship ope ra t ions ;  
- b i lge  washings; 
- tanker  and non-tanker acc iden t s ;  
- f l o a t i n g  petroleum r e s i d u e s  ( t a r  b a l l s ) ;  
- disso lved/d ispersed  petroleum hydrocarbons. 

O i l  d i scharges  i n  p o r t  a reas :  

- dry docking; 
- terminal  ope ra t ions ;  
- bunkering; 
- r e f i n e r y  wastes. 

Damages caused by t h e s e  r e l e a s e s  of  o i l  t o  t h e  marine environment a r e  wel l  
known. They a re :  depos i t i on  on beaches a s  t a r - l i k e  r e s idues ;  deple t ion  of gas 
exchange a t  t h e  a i r - s ea  i n t e r f a c e ;  depos i t i on  on ben th i c  fauna,  t a i n t i n g  of f i s h ,  
and damages t o  mangroves, c o r a l s  and o t h e r  c o a s t a l  ecosystems. 

To a r r i v e  a t  a  c l e a r  p i c t u r e  of- t h e  e x t e n t  o f  harmful e f f e c t s  due t o  these  
sources ,  r e l i a b l e  d a t a  a r e  r equ i r ed  f r o m a l l  t h e  c o u n t r i e s  o f  t h i s  reg ion  on t h e  
following: ( a )  o i l  l o s s e s  dur ing  normal d r i l l i ng /p roduc ing  ope ra t ions  and acc idents  



from o f f s h o r e  e x p l o r a t i o n ;  ( b )  number o f  s h i p s  p l y i n g  t h e  EEZ ( loaded  and on 
b a l l a s t ) ,  i n c l u d i n g  their t o t a l  dwt, c l a s s i f y i n g  them a s  LOT and non-LOT t a n k e r s  and 
c a r g o  s h i p s ;  ( c )  t o t a l  tonnage  handled by p o r t s ,  number and tonnage of  s h i p s  d r y  
docked and t h e  volume o f  o i l  s u p p l i e d  a s  bunker;  and ( d l  p e r i o d i c  e s t i m a t i o n  o f  o i l  
c o n c e n t r a t i o n  i n  harbour  wate rs .  

Data on t h e  above a r e  e s s e n t i a l  i n  o r d e r  t o  d e l i n e a t e  a  t o t a l  p i c t u r e  and p l a n  
a c t i o n s  f o r  p reven t ion  and c o n t r o l .  

Heavy m e t a l s  o t h e r  than  mercury 

In  water  

Some d a t a  on t h e  c o n c e n t r a t i o n s  o f  heavy m e t a l s ,  i n  d i s s o l v e d  form, are 
a v a i l a b l e  from t h e  I n d i a n  Ocean r e g i o n .  These a r e  g iven  i n  t a b l e  2 ,  wi thou t  
i n d i c a t i n g  t h e  h o r i z o n t a l  and v e r t i c a l  v a r i a t i o n s  a s  t h e s e  samples  were c o l l e c t e d  
from d i f f e r e n t  a r e a s  and d i f f e r e n t  d e p t h s  o f  t h e  I n d i a n  Ocean i n c l u d i n g  some a r e a s  
o f f  t h e  Ind ian  c o a s t .  The l a r g e  r a n g e s  s e e n  i n  t h e  t a b l e  2 may be due t o  d i f f e r e n t  
a n a l y t i c a l  t echn iques  used.  The r a n g e s  a r e  ( a l l  v a l u e s  expressed  a s  pg / l ) :  Cu 0.08 
- 49.1; Cd 0.01 - 1.88; Fe  0.10 - 96; Mn 0 .07  - 80; Zn 0.3 - 42.4; Pb 0.02 - 7.5; N i  
0  - 16.3; and Co 0  - 7.9. The a c c u r a c y  and r e p r o d u c i b i l i t y  o f  t h e  d a t a  on t r a c e  
m e t a l s  have always been s u b j e c t e d  t o  s t a t i s t i c a l  t r e a t m e n t  and o n l y  a c c e p t a b l e  
v a l u e s  have been r e p o r t e d  i n  a l l  t h e  p u b l i c a t i o n s .  Except ing copper a l l  t h e  h i g h e r  
va lue  a r e  e i t h e r  from t h e  c o a s t a l  r e g i o n  o f  t h e  Ind ian  mainland o r  o f f  t h e  c o a s t s  o f  
o c e a n i c  i s l a n d s .  The h i g h e r  r a n g e s  o f  i r o n ,  manganese and n i c k e l  a r e  from t h e  s e a s  
around t h e  Laccad ive  i s l a n d s ;  h i g h  cadmium and l e a d  v a l u e s  a r e  from t h e  s e a  around 
t h e  Andaman i s l a n d s ;  h i g h  z i n c  c o n c e n t r a t i o n s  o c c u r r e d  o f f  Bombay and h igh  c o b a l t  
r anges  o f f  t h e  r i v e r  mouths i n  t h e  Bay o f  Bengal. An e x c e p t i o n a l l y  h igh  v a l u e  o f  
cadmium, 80 pg/1, was recorded  i n  t h e  p o l l u t e d  c o a s t a l  w a t e r s  o f f  t h e  c i t y  o f  
Bombay. 

I n  p lank tons  and f i s h e s  

Ava i lab le  d a t a  on some o f  - t h e  m e t a l s  i n  zooplankton from t h e  Arabian Sea and 
t h e  Bay o f  Bengal gave t h e  f o l l o w i n g  r a n g e s  i n  ppm f r e s h  weight:  Cd 0.7 - 6.0; Cu 2  
- 5; Mn 3  - 7;  Zn 8  - 31; Fe 3 5  - 94; Pb 1 - 13; N i  0 .2  - 3; and Co 0 - 4  ( t a b l e  3 ) .  
In  a l l  t h e s e  a n a l y s e s ,  t h e  recovery  was c a l c u l a t e d  wi th  r e f e r e n c e  t o  t h e  s t a n d a r d  
f i shmeal  ob ta ined  from t h e  I n t e r n a t i o n a l  Labora to ry  of Marine R a d i o a c t i v i t y ,  Monaco, 
and t h e  v a l u e s  a r e  t h e  mean of  a t  l e a s t  a  t r i p l i c a t e  a n a l y s i s  f o r  every  sample.  
Concen t ra t ions  o f  a l l  t h e s e  m e t a l s  have been a n a l y s e d  i n  26 s p e c i e s  o f  f i s h  and 
c r u s t a c e a n s  from both i n s h o r e  and o f f s h o r e  r e g i o n s  o f  t h e  n o r t h e r n  Ind ian  Ocean and 
i n  d i f f e r e n t  p a r t s  o f  t h e i r  t i s s u e s ,  s u c h  a s ,  muscle ,  l i v e r ,  g i l l s  and h e a r t .  
Ranges o f  c o n c e n t r a t i o n  i n  t h e  muscles  o f  t h o s e  f i s h e s  o f  commercial i m p o r t a n c e ,  
in61uding s h a r k s ,  a r e  p r e s e n t e d  i n  t a b l e  3. I t  can  be s e e n  from t a b l e  3 t h a t  
c o n c e n t r a t i o n s  o f  a lmost  a l l  o f  t h e  m e t a l s ,  p a r t i c u l a r l y  t h e  t o x i c  m e t a l s  such  a s  
Cd, Pb and Hg, a r e  w i t h i n  t h e  p e r m i s s i b l e  l i m i t s  f o r  human consumption. I t  h a s  been 
observed i n  t h e  same s t u d y ,  t h a t  t h e  c o n c e n t r a t i o n s  o f  a l l  t h e s e  m e t a l s  i n  t h e  
l i v e r s  o f  do lph in  f i s h  (Corryphaena h i p p u r u s  L innaeus) ,  ba r racuda  (Sphyraena picuda 
Bloch) , s h a r k s  (Eulamia e l l i o t i  Day), s k i p j a c k  tuna  (Katsuwonus pelamis  Linnaeus)  , 
and ye l lowf in  tuna  (Neothunus macrop te rus  S c h l e g e l )  were s i g n i f i a n t l y  h i g h e r  than  i n  
t h e i r  muscles. Th is  i n d i c a t e s  t h a t  most o f  t h e  m e t a l s  a r e -  a s s i m i l a t e d  by t h e s e  
f i s h e s  i n  a  f a t  s o l u b l e  form. An a c c e p t a b l e  c o r r e l a t i o n  was, however, observed i n  
t h e  d i f f e r e n t  f i s h  t i s s u e s  w i t h  r e l a t i o n  t o  t h e i r  s e x e s ,  s i z e s  and s t a g e s  o f  
m a t u r i t y .  



Mercury 

Because of its extreme t o x i c i t y  and v e r y  harmful  n a t u r e  t o  human be ings ,  
c o n c e n t r a t i o n s  o f  mercury i n  t h e  w a t e r  and b i o t a  have been t r e a t e d  s e p a r a t e l y .  The 
s t u d y  o f  mercury i n  t h e  marine environment  is o f  a  r e l a t i v e l y  r e c e n t  o r i g i n  and i n  
t h e  Ind ian  Ocean r e g i o n  d a t a  on t h i s  m e t a l  a r e  v e r y  s p a r s e .  

I n  water  

Mercury c o n c e n t r a t i o n s  i n  d i s s o l v e d  form a r e  normal ly  found a t  nanogram l e v e l s .  
T h e i r  s o u r c e s  a r e  most ly  i n d u s t r i a l  e f f l u e n t s ,  b u t  some c o n t r i b u t i o n  can  a l s o  be 
expec ted  from weather ing,  l e a c h i n g  and a tmospher ic  f l u x  from d e p o s i t s  o f  mercury i n  
t h e  c r u s t a l  rocks  o f  t h e  h i n t e r l a n d .  High c o n c e n t r a t i o n s  o f  mercury i n  t h e  
n e a r s h o r e  w a t e r s  o f  t h e  SW c o a s t  o f  I n d i a  a r e  p robab ly  due t o  d e p o s i t s  o f  mercury i n  
t h e  a d j o i n i n g  land .  I n  t h e  absence  o f  any  i n d u s t r i a l  s o u r c e ,  such  h i g h  
c o n c e n t r a t i o n s  rang ing  from 204 t o  407 ng/1 i n  t h e  s u r f a c e  w a t e r s  o f  t h i s  a r e a  

. c a n n o t  be due t o  a n y o t h e r  reason .  

Ranges o f  a l l  t h e  observed v a l u e s  are p r e s e n t e d  i n  t a b l e  2. Without t a k i n g  
i n t o  account  t h e  v a r i a t i o n  w i t h  d e p t h ,  
d e c r e a s e  o c c u r s  i n  t h e  c o n c e n t r a t i o n  o f  
o f  t h e  o t h e r  meta l s .  

In  p lank ton  and f i s h e s  

An e s t i m a t i o n  o f  t h e  t o t a l  mercury 
c a r r i e d  o u t  wi thout  f r a c t i o n a t i n g  t h e  

t h e  r a n g e  is  from 0 t o  222 nq / l .  However, a  
mercury w i t h  dep th ,  a s  is t h e  c a s e  with  most 

c o n c e n t r a t i o n  i n  p lank ton  and f i s h e s  was 
mercury i n t o  methyl and i n o r g a n i c  forms. In 

o r g a n i c  m a t t e r ,  however, i t  can  b e  assumed t h a t  mercury is p r e s e n t  mos t ly  i n  t h e  
methyl form and very l i t t l e  i n  t h e  i n o r g a n i c  form. 

The absence o f  mercury i n  zooplankton ( t a b l e  3 )  i n d i c a t e s  t h a t .  . t h e  meta l  is 
a s s i m i l a t e d  by f i s h e s  p robab ly  th rough  o t h e r  pathways o f  t h e  food c h a i n .  Table 3 
i n d i c a t e s  t h a t  t h e  mercury c o n c e n t r a t i o n s  i n  t h e  musc les  o f  s h a r k s  and s k i p j a c k  tuna  
a r e  t h e  h i g h e s t  o f  a l l  t h e  v a l u e s .  C o n c e n t r a t i o n s  o f  n o n - e s s e n t i a l  heavy meta l s ,  
Hg, Cd and Pb, i n  d i f f e r e n t  t i s s u e s  o f  t h e  f i s h e s  from t h e  Northern Ind ian  Ocean 
( t a b l e  4 )  i n d i c a t e  t h a t  t h e i r  h i g h e s t  o c c u r r e n c e  is i n  t h e  l i v e r  and kidney. 
However, t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  mercury, found i n  muscles ,  a r e  still much 
lower t h a n  t h e  i n t e r n a t i o n a l l y  p e r m i s s i b l e  maximum of 0.5 ppm of mercury f o r  human 
consumption. Ana lys i s  o f  mercury i n  t h e  musc les  o f  s e v e r a l  commercial ly  impor tan t  
f i s h e s  from t h e  i n s h o r e  r e g i o n s  and from a p o l l u t e d  c r e e k  i n  and around t h e  c i t y  o f  
Bombay i n  1972 and 1975 gave v a l u e s  r a n g i n g  from 0.004 - 0.57 ppm on a  f r e s h  weight 
b a s i s .  However, t h e  c o n c e n t r a t i o n  o f - t h e  same m e t a l ,  when ana lysed  i n  1980, i n  t h e  
wate r ,  c r a b  muscles  and sed iments  showed an i n c r e a s e  by s e v e r a l  f o l d .  These v a l u e s  
( t a b l e  5) a l s o  i n d i c a t e  a  d e c r e a s e  i n  t h e  mercury c o n c e n t r a t i o n  away from t h e  s h o r e .  

Chlor ina ted  hydrocarbons 

Only a  few a n a l y s e s  o f  DOT and its m e t a b o l i t e s  i n  zooplankton have been c a r r i e d  
o u t  s o  f a r .  I n  most c a s e s ,  t h e  v a l u e s  were below t h e  d e t e c t i o n  l i m i t .  There was a  
d i r e c t  r e l a t i o n s h i p  between DOT c o n c e n t r a t i o n  and l i p i d  c o n t e n t  i n  t h e  p lank ton ,  
which i n d i c a t e s  t h a t  t h e  pathway o f  c h l o r i n a t e d  hydrocarbons t o  t h e  animal  t i s s u e s  
is v i a  t h e  f a t .  The t o t a l  DOT c o n c e n t r a t i o n s  i n  p lank ton  o f  t h e  n o r t h e r n  p a r t  o f  
t h e  west c o a s t  o f  I n d i a  appear  t o  besomewhat  h i g h e r  (max. 3.21 pprn wet weight) .  

The v a l u e s  o f  o rganochlor ine  and organophosphorous ~ e s t i c i d e s  i n  some o f  t h e  
f i s h e s  from t h e  Ind ian  Ocean r e g i o n ,  p a r t i c u l a r l y  t h e  p lank ton  f e e d e r s ,  may be 



apprec iab ly  high because of  t h e  wide use o f  p e s t i c i d e s  i n  a g r i c u l t u r a l  a c t i v i t i e s  i n  
the c o u n t r i e s  bordering t h e  Indian  Ocean. 

ECOSYSTEM DISTRIBUTION 

There a r e  d i f f e r e n t  economically important  major ecosystems i n  t h e  c o a s t a l  and 
of fshore  reg ions  which a r e  being e x p l o i t e d  r e g u l a r l y  and f ace  s e v e r a l  environmental 
s t r e s s e s .  These a r e  t h e  c o a s t a l  ecosystems inc luding  mangroves, marine a l g a e  and 
seagrasses ,  and o f f sho re  ecosystems inc lud ing  c o r a l  r e e f s .  

Coas ta l  ecosys tems.  

Mangroves 

Along the  Indian c o a s t  mangroves a r e  found along t h e  i s l a n d s ,  major d e l t a s ,  
e s t u a r i e s  and backwaters o f  t h e  e a s t  c o a s t  of  India .  They a l s o  e x i s t  along t h e  
oceanic i s l a n d  groups o f  t h e  Andaman-Nicobar and Lakshadweep a t o l l s .  The 
d i s t r i b u t i o n  of  mangroves a long  t h e  Indian  coas t  is presented  i n  t a b l e  6 and f i g u r e  
4. Gangetic Sunderbans (418,888 ha), Andaman-Nicobar I s l a n d s  (115,000 ha ) ,  Krishna , 
Kaveri and Godavari d e l t a s  and Mahanadi d e l t a  a r e  some o f  t h e  b e s t  mangrove 
formations of  India.  On t h e  o t h e r  hand, t h e  west c o a s t  mangroves a r e  s c a t t e r e d ,  
degraded and comparatively small i n  a r ea .  

There a r e  about  45 mangrove s p e c i e s  a long  t h e  Indian  coas t .  The dominant 
genera a r e  Rhizophora, Avicennia, Bruquiera,  Sonnera t ia ,  Canocarpus, He re t i e r a ,  
Xylocarpus, Ceriops, and Exoecaria. 

Mangrove f o r e s t s  mainly func t ion  a s  t h e  most i d e a l  spawning, breeding and 
nursery grounds f o r  nearshore  and e s t u a r i n e  organisms l i k e  f i s h e s ,  c r abs ,  prawns, 
molluscs e t c .  Some o f  t h e  common' and economically important  s p e c i e s  a r e  Muqil 
cephalus, Hilsa i l i s h a ,  La tes  c a l c a r i f e r ,  Scy l l a  s e r a t t a ,  Meretr ix c a s t a ,  
Crassos t rea  qrephoides and Penaeaus spp. 

Apart from t h e  c a p t i v e  and c u l t u r e  f i s h e r i e s ,  mangroves a r e  a l s o  important  a s  
"Coastal S t a b i l i z e r s "  and "She l t e r  b e l t  a reas" .  These formations p r o t e c t  t h e  c o a s t s  
and t h e  landward a r e a s  from eros ion  and cyc lon ic  d e s t r u c t i o n s  t o  some ex t en t .  Apart 
from these  t he  mangrove f o r e s t s  o f  Ind i a  have.importance from a w i l d l i f e ,  r e c r e a t i o n  
and educat ion poin t  of  view. "P ro j ec t  Tiger" of Sunderbans and "Crocodile 
Sanctuary" i n  t h e  ~ a h a n a d i  d e l t a  a r e .  examples o f  such a c t i v i t i e s .  ' 

$ 

Mangroves i n  India  have s u f f e r e d  from va r ious  b i o t i c  problems such a s  . 
reclamation,  d e f o r e s t a t i o n  and p o l l u t i o n .  The a b i o t i c  problems l i k e  extreme 
c l ima te s  r e s u l t i n g  i n  cyclones and f l o o d s  a l s o  pose a danger  t o  mangroves-. The 
Gangetic Sunderbans, Cochin backwaters,  Bombay region and Gulf of  Kutch a r e  examples 
of  i nd i sc r imina t e  e x p l o i t a t i o n ,  rec lamat ion  and po l lu t i on .  Thousands of  hec t a r e s  o f  
dense mangrove f o r e s t s  have been converted i n t o  a g r i c u l t u r a l  l and ,  f i s h  farms, 
r e s i d e n t i a l  complexes and i n d u s t r i a l  u n i t s .  

The l a t e s t  danger f o r  mangrove swamps is po l lu t i on .  The r ap id  i n d u s t r i a l  
development along t h e  c o a s t  has r e s u l t e d  i n  t h e  r e l e a s e  o f  i n d u s t r i a l  e f f l u e n t s  i n t o  
t h e  e s t u a r i e s  which f i n a l l y  reach  h igh ly  product ive  swamps. These e f f l u e n t s  des t roy  
l i f e  t o t a l l y  a t  d i f f e r e n t  t r o p h i c  l e v e l s ,  v.iz. primary, secondary and t e r t i a r y .  
The l e v e l  of o o l l u t i o n  i n  t h e  Mahim Creek (Bombavl manarove a r e a  mav o re sen t  an 



example of  one such a s i t u a t i o n  ( t a b l e  7 ) .  Stud ie s  on t h e  e f f e c t  o f  petroleum 
products  on t h e  s e e d l i n g s  o f  Rhizophora mucronata and Avicennia o f f i c i n a l i s  revea led  
t h a t  they cause burning, yellowing and w i l t i n g  of  t h e  l eaves  a s soc i a t ed  with r o o t  
damage. The e f f e c t  o f  i n s e c t i c i d e s  and p e s t i c i d e s  l i k e  Dimacron, Nuvan and Nuvacron 
was a l s o  found t o  be harmful t o  t he se  p l a n t s  a l though a t  a slow r a t e .  

Seasonal v a r i a t i o n  i n  t h e  concent ra t ion  of  some heavy me ta l s  i n  t h e  mangrove 
f o l i a g e  i nd i ca t ed  maximum concen t r a t i ons  o f  Fe and Mn, without  any harmful e f f e c t .  
The presence of r ad ioac t ive  elements  l i k e  uranium were a l s o  recorded; t he se ,  t oo ,  
had no immediate e f f e c t  on mangroves. 

Apart from toxic  i n d u s t r i a l  e f f l u e n t s ,  d i s cha rges  from thermal power p l a n t s  
have a l s o  been repor ted  t o  be harmful t o  t h e  gene ra l  product iv i ty .  S imi l a r ly ,  
sewage d ischarge  from t h e  c o a s t a l  townships f i n d s  its way f i n a l l y  i n t o  t h e  e s t u a r i e s  
and t h e  ad jo in ing  mangrove swamps. Harmful b a c t e r i a  and v i r u s e s  may e n t e r  t h e  human 
system through seafood,  c u l t u r e d  and c o l l e c t e d  from such reg ions .  , 

Increase  i n  water  t u r b i d i t y  a s  a r e s u l t  o f  mining and dredging ope ra t ions ,  
naviga t ion ,  e t c . ,  may a l s o  d i s t u r b  t h e  p r o d u c t i v i t y  l e v e l s  of  mangrove waters  
u l t ima te ly  a f f e c t i n g  t h e  f i s h e r y  p o t e n t i a l .  

Marine a lgae  

Marine a lqae ,  p a r t i c u l a r l y  macrophytes, a l s o  form one of  t h e  economically 
important  l i v i n g  resources.  This  r e sou rce  is being exp lo i t ed  i n  s e v e r a l  c o u n t r i e s  
f o r  t h e  purpose of food, feed ,  f e r t i l i z e r s ,  d rugs  and pharmaceuticals .  However, i n  
Ind i a ,  its use  is s o  f a r  l i m i t e d  t o  aga r ,  a l g i n a t e  and manure. 

I t  has been es t imated  t h a t  about  100,000 tonnes  of  marine a l g a e  (d ry  wt) can be 
harvested every year from t h e  i n t e r t i d a l  and s u b t i d a l  waters  o f  t h e  Indian coas t .  
There a r e  about 625 marine a l g a l  s p e c i e s  r epo r t ed  so f a r  i n  Indian waters .  

Marine a lgae  grows i n  t h e  euphot ic  zone on rocky o r  c o r a l l i n e  substratum. 
S ince  t hese  p l a n t s  do no t  have a r o o t ,  stem, l e a f ,  e t c . ,  t h e  e n t i r e  body - t h a l l u s  - 
absorbs t he  n u t r i e n t s  from t h e  surrounding waters  f o r  its s u r v i v a l .  Therefore, 
t o x i c  o r  nontoxic p o l l u t a n t s  o r  o t h e r  chemical compounds, p r e sen t  i n  t h e  water 
column, w i l l  be absorbed and accumulated i n  t h e  body. I t  has been shown t h a t  
c e r t a i n  spec i e s  of -, Enteromorpha, G r a c i l a r i a  verucosa,  Chaetomorpha, e t c .  can 
t o l e r a t e  a high l e v e l  o f  p o l l u t i o n  and hence can be used a s  " Ind ica to r  spec ies"  f o r  
c e r t a i n  p o l l u t a n t s .  

Marine a lqae  have been used a s  f e r t i l i z e r  s i n c e  time immemorial. ' Many 
developed coun t r i e s  have commercialized a l g a l  f e r t i l i z e r .  Recently, i n  India ,  
a t tempts  have been made t o  u t i l i z e  a lgae  a s  a l i q u i d  f e r t i l i z e r  f o r  h igher  p l an t s .  
Some of t h e  brown a l g a l  s p e c i e s  l i k e  Stoechospermum marqinatum and Dictyota 

. dichotoma showed encouraging r e s u l t s .  On t h e  b a s i s  of  t he se  f i n d i n g s  a t t empt s  a r e  
being made t o  use non-conventional a l g a l  s p e c i e s  f o r  f e r t i l i z e r  and t o  popular ize  
seaweed l i q u i d  f e r t i l i z e r  on a commercial s c a l e .  

The increas ing  demand fo r  a l g a l  raw m a t e r i a l  could be met only  by undertaking 
c u l t i v a t i o n  i n  t he  c o a s t a l  a r e a s .  Along t h e  west c o a s t  o f  Ind i a ,  t h e r e  a r e  a r e a s  
l i k e  Baga, Cabo-de-Rama (Goa), Malvan and Ra tnag i r i  (Maharashtra) ,  Okha (Gujara t )  
and along the  e a s t  coas t  Mandapam (Tamil Nadu), where c u l t i v a t i o n  of  seaweeds is 
being undertaken on a l a r g e  s ca l e .  Some economically important  a l g a l  s p e c i e s  such 
a s  G r a c i l a r i a ,  Hypnea, G e l i d i e l l a ,  Sargassum and Turbinar ia  a r e  being used f o r  rope 
c u l t i v a t i o n .  I t  has been observed t h a t  a t  some of  t h e  l o c a l i t i e s ,  a l g a l  c u l t i v a t i o n  
is  noc succes s fu l  because of s i l t a t i o n  and e f f o r t s  a r e  being made t o  minimize t h i s  



e f f e c t  by s e l e c t i n g  economically impor tan t  a l g a l  s p e c i e s  t h a t  can  t o l e r a t e  
s i l t a t i o n .  

The c o a s t a l  ecosystem is a very complex one and is always under s t r e s s  because 
of i n d u s t r i a l  and domestic p o l l u t i o n .  Along t h e  Maharashtra c o a s t  l u x u r i a n t  growth 
of  seaweed was observed i n  Verdant a r e a s ,  whereas s p e c i e s  d i v e r s i t y  diminished 
considerably i n  a r e a s  a f f e c t e d  by po l lu t i on .  Unless measures t o  minimize t h e  
po l lu t i on  along t h e  c o a s t a l  a r e a  a r e  adopted some of t h e  unique a l g a l  f l o r a  of  t h e  
Indian c o a s t l i n e  may be l o s t  f o r  ever .  

Another a spec t  t h a t  r e q u i r e s  a t t e n t i o n  is s i l t a t i o n  caused by mining and 
dredging. Many a r e a s  a long  t h e  Indian  c o a s t l i n e  a r e  found t o  have a h igh  s i l t a t i o n  
r a t e .  In  some a r e a s  o f  high m i n i n g a c t i v i t i e s  dep le t i on  i n  the a l g a l  c r o p  has  been 

I 
1 recorded. Another reason f o r  r educ t ion  i n  some of  t he  marine a l g a l  species i n  some 

a r e a s  along the  Indian  c o a s t  is unsystematic  harves t ing  f o r  i n d u s t r i a l  purposes. 

I Coral r e e f s  

Around India ,  c o r a l  r e e f  format ions  a r e  found i n  t h e  Palk Bay, Gulf o f  Mannar, 
Gulf of Kutch, Cen t r a l  West c o a s t  o f  Ind i a ,  Lakshadweep a t o l l s ,  and Andaman-Nicobar 
Is lands.  Both t h e  c o r a l  a t o l l  and t h e  f r i n g i n g  c o r a l  r e e f s  a r e  of  utmost 
s ign i f i cance  i n  Indian  waters. A few s p e c i e s  of  c o r a l s  have r e c e n t l y  been r epo r t ed  
from t h e  Malvan (Maharashtra) coas t .  32 genera from Minicoy I s l ands ,  34 genera from 
Palk Bay and Gulf o f  Mannar, 25 genera from Andaman I s l ands ,  9 genera from 
Lakshadweep and 3 genera from Nicobar I s l a n d s  have a l s o  been r epo r t ed .  342 s p e c i e s  
belonging t o  76 genera from t h e  s e a s  around Ind ia  have been descr ibed .  

Primary p r o d u c t i v i t y  s t u d i e s  o f  c o r a l  r e e f s  i n  Indian  waters  i n d i c a t e d  
comparable r a t e s  wi th  o t h e r  r e e f s  and marine ecosystems. Often t h e  l a r g e  ben th i c  
a l g a l  communities and ex t ens ive  s e a g r a s s  beds a r e  equa l ly  impor tan t  a s  t h e  energy 
re leased  from them is t r a n s f e r r e d  t o  h igher  t r o p h i c  l e v e l s  by way of  t h e  d e t r i t a l  
food chain.  

I t  has been observed t h a t  dead a s  we l l  a s  l i v e  c o r a l  beds a r e  e x p l o i t e d  f o r  t h e  
carb ide  i ndus t ry  and f o r  white  cement. Large s c a l e  e x p l o i t a t i o n  o f  c o r a l s  i n  t h e  
Gulf of Kutch, has  been checked t o  a g r e a t  e x t e n t  due t o  t imely warning. A survey  
of  t he  c o r a l  r e e f s  i n  t h e  Gulf o f  Mannar emphasized t h e  need f o r  conserva t ion .  
Development of Tu t i co r in  harbour and a s s o c i a t e d  i n d u s t r i a l  a c t i v i t i e s  a s  w e l l  a s  o i l  
po l lu t i on ,  has r e s u l t e d  i n  l a r g e  s c a l e  d e s t r u c t i o n  of c o r a l  r e e f s  around t h e  i s l a n d s  
of  Tuticorin.  

Andaman-Nicobar f r i n g i n g  r e e f s  and Lakshadweep c o r a l  a t o l l s  a r e  comparat ively 
f r e e  from such problems. However, t h e  r e c e n t  da t a  o f  Minicoy and K a v a r a t t i  a t o l l s  
and Great Nicobar I s l and  i n d i c a t e  t h a t  t h e r e  is a d e f i n i t e  e f f e c t  o f  o i l  p o l l u t i o n  
on c o r a l s  of t he se  a r e a s .  

Acanthester p l a n c i i ,  a r e e f  dwel l ing  echinoderm, which f e e d s  ex t ens ive ly  on 
c o r a l s ,  is a l s o  r e spons ib l e  f o r  des t roy ing  t h e  c o r a l s  i n  t h e s e  two major groups o f  
i s lands .  

Apart from t h i s ,  use  o f  c o r a l s  f o r  ornamental and d e c o r a t i v e  purpose is y e t  
another  s e r ious  t h r e a t  t o  t h i s  s e n s i t i v e  ecosystem. Local people o f  Lakshadweep 
a l s o  use c o r a l s  f o r  c o n s t r u c t i o n  and white  washing of houses and a s  mortar.. Cora l s  
and mangroves occur t o g e t h e r  a t  some p l aces  i n  t h e  Gulf and Andaman-Nicobar I s lands .  
Of course mangroves grow mostly i n  t h e  i n t e r t i d a l  region while  c o r a l s  a r e  found i n  



somewhat deeper  wa te r s .  However, e x t e n s i v e  d e f o r e s t a t i o n  o f  mangroves i n  t h e  Gulf 
o f  Kutch r e s u l t e d  i n - s i l t a t i o n  on t h e  c o r a l  r e e f s ,  which u l t i m a t e l y  k i l l e d  them. 

Th is  shows t h e  i n t e r r e l a t i o n s  between t h e s e  two d i f f e r e n t  ecosystems.  

INPUT STUDIES 

Data on t h e  i n p u t  o f  d i f f e r e n t  c a t i o n s  and a n i o n s  t o  t h e  I n d i a n  Ocean are v e r y  
s c a n t y .  Background d a t a  on s o u r c e s  o f  i n p u t ,  e.g. ,  r i v e r  r u n o f f ,  l o a d  o f  silt, 
volume of domest ic  sewage and i n d u s t r i a l  e f f l u e n t s ,  r a i n f a l l ' ,  and a e r o s o l  are n o t  
a v a i l a b l e  from a l l  parts o f  t h e  r e g i o n .  However, some d a t a  are a v a i l a b l e  from I n d i a  
( t a b l e  8 ) .  A rough approx imat ion  f o r  a l l  t h e  c o u n t r i e s  can ,  p e r h a p s ,  b e  o b t a i n e d  by 
e x t r a p o l a t i n g  t h e  d a t a  g i v e n  i n  t a b l e  8,  i n  r e l a t i o n  t o  p o p u l a t i o n  d e n s i t y .  

Most o f - t h e  c a t i o n s  and a n i o n s  added t o  t h e  o c e a n s  are absorbed  on t h e  silt 
p a r t i c l e s .  Conside i n g  t h e  enormous amount o f  silt added a n n u a l l y  t o  t h e  I n d i a n  6 
Ocean, i . e .  34 x 1 0  t o n n e s ,  s i l t a t i o n  may be  assumed a s  one  o f  t h e  p r i n c i p a l  
s o u r c e s  o f  i n p u t .  

The mean c o n c e n t r a t i o n s  o f  some e l e m e n t s  i n  t h e  r a i n  water from t h e  c o a s t a l  
r e g i o n  o f  I n d i a  were ( v a l u e s  g i v e n  i n  mg/l): Na 4.6,  C l  6.8, Ca 1.34, Mg 0.51 and K 
1.02; ( v a l u e s  g i v e n  i n  pg/1)  Mn 23.4, Br 33.6,  I 13.3,  Fe 4.3, Co 0.1,  N i  0.1, Cu 
6.8, Zn 3.3, and Pb 21.5. Aeroso l  c o n t e n t s  o v e r  t h e  I n d i a n  Ocean v a r y  from 1 .4  t o  3 
6 8  pg/m a i r .  I t  d e c r e a s e s  sou thwards  w i t h  t h e  l a t i t u d e  and becomes z e r o  c l o s e  t o  
A n t a r t i c a .  From t h e s e  v a l u e s  it c a n  be i n f e r r e d  t h a t  t h e  a tmospher ic  f l u x  o f  t h e  
e l e m e n t s  is n o t  v e r y  s i g n i f i c a n t  and t h e  major  t r a n s p o r t  r o u t e  o f  p o l l u t a n t s  t o  t h e  
I n d i a n  Ocean is th rough  t h e  r i v e r i n e  s o u r c e .  

Another impor tan t  s o u r c e  o f  i n p u t  is from t h e  mining a c t i v i t i e s .  Rejects and . -- 
t a i l i n g s  from t h e  mining o p e r a t i o n s  c a r r i e d  o u t  i n  c o a s t a l  and n e a r s h o r e  r e g i o n s  add 
s u b s t a n t i a l  q u a n t i t i e s  o f  heavy m e t a l s  t o  t h e  c o a s t a l  environment .  

ASSESSMENT OF POSSIBLE IMPACTS OF POLLUTANTS ON THE MARINE ENVIRONMENT 

From t h e  i n f o r m a t i o n  summarized above it  is c l e a r  t h a t  t h e  d a t a  c o l l e c t e d  so 
f a r  a r e  q u i t e  f ragmenta ry  d e f y i n g  a c l e a r  u n d e r s t a n d i n g  o f  t h e  t o t a l  p o l l u t i o n  l o a d  
i n  t h e  Ind ian  Ocean. However, t h e  i n f o r m a t i o n  a l s o  i n d i c a t e s  t h a t  t h i s  r e g i o n  is 
n o t  y e t  s e r i o u s l y  a f f e c t e d  by p o l l u t i o n .  L o c a l i z e d  problems, b o t h  shor t - t e rm a n d .  
long-term, do appear  from time t o  time and t h e i r  o v e r a l l  importance would v a r y  from 
c o u n t r y  t o  coun t ry .  

However, t h e  problem which is common t o  a lmos t  a l l  t h e  c o u n t r i e s  is o i l  
p o l l u t i o n .  Because o f  t h e  t r a n s p o r t a t i o n  o f  a  l a r g e  volume o f  o i l  th rough  t h e  
I n d i a n  Ocean, m a n y a r e a s  a r e  g e t t i n g  damaged. The wors t  a f f e c t e d  ecosys tems  a r e  t h e  
c o r a l  r e e f s  and sandy beaches .  S i g n i f i c a n t  damage h a s  a l r e a d y  been no ted  on some o f  
t h e  a t o l l s  o f  Laccadives  and c o r a l  r e e f s  o f  t h e  Andaman and Nicobar g roups  o f  
i s l a n d s .  

Other  p o s s i b l e  i m p a c t s  c a n  be  e x p e c t e d  t o  come from t h e  d i s p o s a l  o f  u n t r e a t e d  
o r  l i t t l e  t r e a t e d  domes t i c  sewage and i n d u s t r i a l  e f f l u e n t s .  Cont inued washing o u t  
o f  f m r t i l i - 7 n ~ ~ c  nnctir~irl*=>c=. herhic-irl~o and ins~nt i r1 i r l~c;  r l i ~  't'n widfasnrfanrl IISP i n  



a g r i c u l t u r a l  p r a c t i c e s  i n  a l l  t h e  I n d i a n  Ocean c o u n t r i e s  can  a l s o  pose  s i g n i f i c a n t  
problems. 

But i n  t h e  t r o p i c a l  and e q u a t o r i a l  r e g i o n s  o f  t h e  Ind ian  Ocean, t h e  t i d e s  -a re  
most ly  o f  t h e  semi-d iurna l  t y p e  w i t h  r a n g e s  v a r y i n g  from less than  1 m  t o  more- t h a n  
8m. T i d a l  f l u s h i n g s  twice a  day, a s s o c i a t e d  w i t h  a  b iannua l  r e v e r s a l  o f  t h e  
d i r e c t i o n  o f  monsoon winds and t h e  s u r f a c e  c u r r e n t s  a s s o c i a t e d  wi th  smooth bottom 
topography h e l p  i n  d i s p e r s i n g  and d i l u t i n g  t h e  p o l l u t a n t s  and reduc ing  t h e  magnitude 
o f  t h e i r  impact on t h e  mar ine  environment  c o n s i d e r a b l y .  

Ana lys i s  o f  g l a c i e r  samples  from t h e  Himalayas and ice l a k e  wate r  samples from 
A n t a r c t i c a  ( t a b l e  9 )  have he lped  t o  e s t a b l i s h  background v a l u e s  f o r  heavy m e t a l s  i n  
t h e  n o r t h e r n  and s o u t h e r n  e n d s  o f  t h e  I n d i a n  Ocean. U t i l i z i n g  t h e s e ,  i t  w i l l  be  
p o s s i b l e  t o  main ta in  a watch o n  t h e  h e a l t h  o f  t h e  Ind ian  Ocean. 

ACTIONS IN PROGRESS IN I N D I A  

The f o l l o w i n g  measures a r e  under  p r o g r e s s  i n  I n d i a  f o r  e d u c a t i o n ,  r e s e a r c h  and 
development and a d o p t i n g  o f  measures  t o  a b a t e  marine p o l l u t i o n :  

Education 

I n  I n d i a  academic s t u d i e s  i n  env i ronmenta l  s c i e n c e s  and technology are o f  
r a t h e r  r e c e n t  o r i g i n .  There are a few u n i v e r s i t i e s  and I n s t i t u t e s  o f  technology 
which impar t  academic d e g r e e s  i n  d i f f e r e n t  f i e l d s  o f  env i ronmenta l  s c i e n c e s .  These 
degrees  a r e  mos t ly  c o n f i n e d  t o  t h e  p o s t g r a d u a t e  l e v e l .  

However, because o f  t h e  growing awareness  o f  t h e  need t o  p r o t e c t  t h e  
environment,  t h e r e  is a g e n e r a l  system of  e x t e n s i o n  work among common people.  
S t u d e n t s  a t  s c h o o l  and c o l l e g e  l e v e l s  a r e  a l s o  g i v e n  a  b a s i c  unders tand ing  of  t h e  
va lue  of p r o t e c t i n g  t h e  environment .  

Research and development 

A s u b s t a n t i a l  amount o f  r e s e a r c h  i n  marine p o l l u t i o n  is  i n  p r o g r e s s  i n  I n d i a  
with  a  humble beg inn ing  i n  1970. Due t o  t h e  importance given t o  t h e  p r o t e c t i o n  o f  
t h e  environment by t h e  Government o f  I n d i a ,  many c o n t r i b u t i o n s  have a l r e a d y  been 
made t o  t h i s  f i e l d .  A s  r e g a r d s  marine p o l l u t i o n  s t u d i e s ,  I n d i a t o d a y  h a s  perhaps  
a t t a i n e d  a  s i g n i f i c a n t  s t a t u s  i n  t h e  I n d i a n  Ocean reg ion .  

Preven t ion  and combating o f  o i l  p o l l u t i o n  

The Northern Ind ian  Ocean (Arab ian  Sea and Bay o f  Bengal) a r e  t h e  a r e a s  o f  
major t r a n s p o r t  o f  petroleum. I n  1983, 513 m i l l i o n  tonnes  (MT) of o i l  and its 
produc ts  were t r a n s p o r t e d  from t h e  Middle E a s t  c o u n t r i e s  a c r o s s  t h e  Arabian Sea. Of 
t h i s ,  291 MT were t r a n s p o r t e d  t o  t h e  wes te rn  hemisphere and 222 MT a l o n g  t h e  
e x c l u s i v e  economic zone (EEZ) of t h e  Ind ian  West Coas t ,  t h e  s o u t h e r n  Bay of Bengal 
through t h e  Malacca S t r a i t  t o  t h e  Far  Eas t  and Japan.  Of l a t e ,  t h e r e  h a s  been a  
g radua l  r e d u c t i o n  i n  t h e  volume o f  t r a n s p o r t .  D e s p i t e  t h i s  t h e  amount o f  o i l  on t h e  
s e a  i n  Ind ian  w a t e r s  h a s  n o t  decreased .  A s t a t i s t i c a l  c a l c u l a t i o n  i n d i c a t e s  t h a t  
t h e  Northern Ind ian  Ocean is a p l a c e  o f  o i l  s l i c k s  and about  4800 MT o f  f l o a t i n g  t a r  
b a l l s  w i t h  a  " r e s i d e n c e  time" o f  about  30-60 days occur  e v e r y  y e a r .  



Research and development s tud ies  i n  the  f i e l d  o f  marine p o l l u t i o n  have been i n  
progress i n  I n d i a  fo r  a l o n g  time. A s u b s t a n t i a l  amount o f  data have been c o l l e c t e d  
on t o x i c i t y  o f  chemical d ispersants  t o  d i f f e r e n t  marine organisms, m ic rob ia l  
decomposition o f  o i l  and d i f f u s i o n  and d i spe rs ion  o f  s p i l l e d  o i l  on the  sea. By 
v i r t u e  o f  a l l  t h i s ,  I n d i a  has a t t a i n e d  a good dea l  o f  c a p a b i l i t y  and know-how i n  the 
f i e l d  o f  moni to r ing  o i l  p o l l u t i o n .  

The Coast Guard Organisat ion o f  Ind ia ,  es tab l i shed  i n  1978, has been engaged i n  
the  f i e l d  of ac tua l  combating of o i l  s p i l l s  i n  t h e  sea. Tra in ing of personnel and 
acqu i r ing  o f  gear f o r  t h i s  purpose have been taken up i n  an a r i d  way. L e g i s l a t i o n  
has been enacted and d i f f e r e n t  means o f  combating o i l  s p i l l s  i n  d i f f e r e n t  areas have 
been o r  a re  i n t h e  process o f  be ing  studied.  A few sh ips  espec ia l l y '  equipped f o r  
o i l  p o l l u t i o n  c o n t r o l  a re  be ing indigenously b u i l t  f o r  the  Coast Guard Organisation. 
This equipment inc ludes skimmers, booms, o i l -wa te r  separators, spraying-arms and 
chemical dispersants. 

Other p o l l u t a n t s  

Considerable s tud ies  are  i n  progress on the  e f f e c t  o f  o the r  p o l l u t a n t s  f o r  e.g. 
t o x i c  and nontoxic heavy meta ls  and meta l lo ids ,  ch lo r i na ted  hydrocarbons 
(pest ic ides),  a g r i c u l t u r a l  wastes and thermal and r a d i o a c t i v e  p o l l u t i o n .  Data have 
been and are being c o l l e c t e d  on the e f f e c t s  of  a l l  t h i s  on the  marine l i f e  along the 
Ind ian EEZ. The data on t o x i c  metals, p a r t i c u l a r l y  mercury i n  the  f i shes  from the 
Ind ian  Ocean i n d i c a t e  t h a t  t he  concent ra t ion  a t  present  i s  about 0.2 ppm wet weight 
which i s  w e l l  below the  maximum adopted by many i n d u s t r i a l i z e d  countr ies.  

Whatever data on a l l  these p o l l u t a n t s  have been c o l l e c t e d  from the Ind ian  
waters, though mainly i n d i c a t i n g  t h e  e f f e c t s  from the I nd ian  sub-continent, can a l so  
be app l ied  t o  the coas ta l  areas o f  o the r  coun t r i es  i n  t h i s  region.  

There i s  a need t o  c o l l e c t  more data, p a r t i c u l a r l y  on pest ic ides ,  from the 
marine environment o f  I n d i a  and t o  i d e n t i f y  t h e  s tud ies  on t o x i c  e f f e c t s  o f  many 
chemicals espec ia l l y  polynuclear aromat ic hydrocarbons (PAHs). 

I t has been observed a t  d i f f e r e n t  i n t e r n a t i o n a l  meetings on environmental 
p o l l u t i o n  t h a t  there  i s  a b i g  gap i n  i n fo rma t ion  on the  data on a d d i t i o n  t o  the  sea 
from land o f  d i f f e r e n t  p o l l u t a n t s .  I n  Ind ia ,  some computations have been made based 
on s c i e n t i f i c  data which a r e  appended i n  t a b l e  8. These s tud ies  a r e  t o  be 
i n t e n s i f i e d  as t h i s  w i l l  g i ve  a c l e a r  p i c t u r e  o f  the area i n  which e f f o r t s  need t o  
be i n t e n s i f i e d .  

LEGISLATIVE MEASURES 

The l e g i s l a t i o n  which i s  i n  fo rce  as o f  now a r e  the  fo l lowing:  

The Water (Prevent ion and Con t ro l  o f  P o l l u t i o n )  Act, 1974 
The A i r  (Prevention and Con t ro l  o f  P o l l u t i o n )  Act, 1981 
The Insec t i c ides  Act 
The industries Development and Regulat ion Act 
I nd ian  Ports Act 
Merchant Shipping Act 

Permissible l i m i t s  f o r  the  discharge and re lease o f  p o l l u t a n t s  t o  a i r ,  water 
s o i l ,  have been l a i d  down and are be ing p e r i o d i c a l l y  modi f ied and updated by 



Indian Standards I n s t i t u t i o n .  

Ind i a  is a  s igna to ry  t o  s e v e r a l  i n t e r n a t i o n a l  conventions and p ro toco l s  t o  
c o n t r o l  marine p o l l u t i o n  of  t h e  h igh  s e a s  and c o a s t a l  regions.  Some of  them are :  

- Regulat ions f o r  t h e  d i s p o s a l  of  r a d i o a c t i v e  wastes ,  s a f e  t r a n s p o r t  f o r  
r ad ioac t ive  m a t e r i a l s ,  e t c . ,  o f  t h e  I n t e r n a t i o n a l  Atomic Energy Agency. 

- I n t e r n a t i o n a l  Convention f o r  t h e  prevent ion  of  p o l l u t i o n  o f  t h e  sea by o i l ,  
1954 a s  amended upto 1969. 

- The r a t i f i c a t i o n  of  t h e  I n t e r n a t i o n a l  convention f o r  t h e  prevention o f  
' 

p o l l u t i o n  from s h i p s ,  1973 and p ro toco l  1978 is under a c t i v e  cons ide ra t i on  
by t h e  Government o f  Ind i a .  

ACTIONS NEEDED REGIONALLY 

Phys ica l  s t u d i e s  

Probably t h e  most important  a spec t  o f  any marine p o l l u t i o n  s tudy  is t o  examine 
t h e  phys ica l  processes  occu r r ing  i n  t h e  r e c i p i e n t  water body. O u t f a l l s  from l a r g e  
c i t i e s  o r  i n d u s t r i a l  b e l t s  and from f r e e  t r a d e  zones i n  t h e  form of i n d u s t r i a l  waste  
and domestic sewage opening i n t o  c o a s t a l  and nearshore waters  need t o  be examined. 
Dispersion,  mixing, r e s idence  time and t h e  eventua l  t r a n s p o r t  o f  t he se  p o l l u t a n t s  
away from t h e i r  po in t  o f  d i s cha rge  depend on t h e  dynamics o f  any c o a s t a l  water body. 
Thus, p o l l u t a n t s  r e l e a s e d  by one count ry  can  have t h e i r  u l t ima te  e f f e c t  on t h e  
c o a s t l i n e  of another .  

To p r e d i c t  t h e  u l t i m a t e  f a t e  of  any p o l l u t a n t  i n  c o a s t a l  waters  and e s t u a r i e s ,  
t h e  f a c t o r s  which determine t h e  dynamics o f  t h e  r e c i p i e n t  water and its 
neighbourhood must be known s p a t i a l l y  and "temporarily over  a  c e r t a i n  period.  This  
is requi red  f o r  t h e  Indian Ocean region p a r t i c u l a r l y  a s  i t  is inf luenced  by both '3 
and NE monsoons and has l a r g e  t i d a l  v a r i a t i o n s .  

For t h e  d ischarge  of  wastes  i n t o  t h e  s e a ,  t h e  f a c t o r s  requi red  t o  be known a r e  
c i r c u l a t i o n  p a t t e r n ,  advec t ion ,  t u r b u l e n t  mixing, t i d e s ,  wave a c t i o n ,  eddy and o t h e r  
d i f f u s i o n  processes ,  s i l t i n g  and sedimentat ion.  

I f  t he se  f a c t o r s  a r e  observed over  a  c e r t a i n  period of t ime and maps a r e  
prepared,  i t  w i l l  h e lp  immensely towards p r e d i c t i n g  t h e  u l t ima te  f a t e  of any 
po l lu t an t .  This r e q u i r e s  r e g i o n a l  coope ra t ive  e f f o r t .  

Deta i led  information on t h e  q u a n t i t y  o f  p o l l u t a n t s  which have en t e r ed ,  a r e  
e n t e r i n g  and l i k e l y  t o  e n t e r  t h e  s e a  i n  t h e  f u t u r e ,  need t o  be prepared. An example 
is given i n  t a b l e  8. This is e s s e n t i a l  f o r  t h e  assessment o f  t h e  p re sen t  s i t u a t i o n  
which w i l l  c e r t a i n l y  he lp  i n  i d e n t i f y i n g  p r i o r i t y  problems. 

Mass balance o f  d i f f e r e n t  s e n s i t i v e  and t o x i c  p o l l u t a n t s  have t o  be worked ou t  
from sys temat ic  ana lyses  o f  t he se  from t h e i r  sources  and r e l a t i n g  t o  t h e i r  t o t a l  
d i spers ion .  Simultaneously, t h e  balance of  d i sso lved  oxygen i n  t h e  c o a s t a l  a r ea  
a l s o  has t o  be ca l cu l a t ed .  This w i l l  g ive  an idea  of  how much more p o l l u t a n t  can be 
absorbed by t h e  a r e a  concerned without  caus ing  d is turbance  t o  the  balance i n  t h e  
c o a s t a l  zone. 

There is an inadequate understanding of t h e  coun t ry ' s  marine ecosystem and a  
lack  of nml'~r-l'i v p  ~ - O , , T Ã ‡ ~ .  T h i  .= boo 1 -A 4, ---I :- I --A:-- L -  - - A  
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and d e s t r u c t i o n  o f  c o r a l  r e e f s ,  mangroves, etc. It  is, t h e r e f o r e ,  e s s e n t i a l  t h a t  
p r e s e r v a t i o n  o f  t h e  marine  b i o l o g i c a l  d i v e r s i t y  is main ta ined  by conduc t ing  p e r i o d i c  
s u r v e y s  of  t h e  ecosystems t o  e n s u r e  t h e i r  c o n s e r v a t i o n .  

B a s e l i n e  d a t a  o f  many dangerous  p o l l u t a n t s  p a r t i c u l a r l y  p e s t i c i d e s ,  h e r b i c i d e s  
and i n s e c t i c i d e s  i n  t h e  c o a s t a l  mar ine  environment  o f  t h i s  r e g i o n  is l a c k i n g .  
E f f o r t s  shou ld  be made t o  c o l l e c t  maximum p o s s i b l e  d a t a ,  from t h e  s o u r c e s  and s i n k s  
on a s  many p o l l u t a n t s  a s  p o s s i b l e .  

The d r a f t  agreement c o n c e r n i n g  c o o p e r a t i o n  i n  combating marine p o l l u t i o n  by o i l  
and o t h e r  harmful s u b s t a n c e s  i n  cases .of emergency i n  South Asia  was-agreed  upon a t  
a meet ing o f  e x p e r t s  a t  Colombo, 11 - 14 J a n u a r y ,  1982. T h i s  agreement  is under  
c i r c u l a t i o n  among t h e  c o u n t r i e s  o f  t h e  r e g i o n .  It  is impor tan t .  t h a t  e f f o r t s  a r e  
made t o  e n s u r e  t h e s e  a r e  approved and s i g n e d  a s  soon a s  poss i -b le .  

A "Mussel-watch" t y p e  o f  programme is e s s e n t i a l  f o r  m o n i t o r i n g  s e v e r a l  
dangerous  p o l l u t a n t s .  Some e f f o r t s  are i n  p r o g r e s s  i n  some c o u n t r i e s  o f  t h i s  
r e g i o n .  These e f f o r t s  s h o u l d  b e  c o o r d i n a t e d  and i n t e n s i f i e d  t o  r e s u l t  u l t i m a t e l y  i n  
a n  i n t e r n a t i o n a l l y  c o o p e r a t i v e  r e s e a r c h  programme. 

Perhaps  t h e  most i m p o r t a n t  a s p e c t  o f  a l l  t h i s  is t r a i n i n g  o f  man-power. For  
t h i s ,  r e g i o n a l  t r a i n i n g  c o u r s e s ,  o r g a n i z e d  and c o o r d i n a t e d  by t h e  c o u n t r i e s  s h o u l d  
be  h e l d  p e r i o d i c a l l y  i n  d i f f e r e n t  f i e l d s .  

A f t e r  complet ing t h e  o f f i c i a l  f o r m a l i t i e s  f o r  a c o o p e r a t i v e  r e s e a r c h  e f f o r t  and 
b e f o r e  its i n c e p t i o n ,  it is e s s e n t i a l  t o  o r g a n i z e  i n t e r c a l i b r a t i o n  e x e r c i s e s .  These 
w i l l  h e l p  t o  e v a l u a t e  t h e  p r e s e n t  s t a t e  o f  knowledge and q u a l i f i e d  man-power t o  
under take  such  s t u d i e s  and improve upon it wherever n e c e s s a r y .  P r e p a r a t i o n s  a r e  
underway i n  I n d i a  t o  o r g a n i z e  s u c h  a n  i n t e r c a l i b r a t i o n  c o u r s e  a t  t h e  n a t i o n a l  l e v e l .  

While p r e p a r i n g  t h e  r e g i o n a l  c o n t i n g e n c y  p l a n  t h e  r o l e  t h e  p a r t i c i p a t i n g  
c o u n t r i e s  would p l a y  i n  e f f e c t i v e l y  c l e a n i n g  up t h o s e  s t r e t c h e s  o f  mar ine  a r e a  t h a t  
a r e  p o l l u t e d ,  should be c l e a r l y  d e f i n e d .  

O i l  s p i l l  cont ingency p l a n s ,  i f  a v a i l a b l e ,  s h o u l d  be e l a b o r a t e d  i n  t h e  o v e r a l l  
con t ingency  p lan .  

While fo rmula t ing  p l a n s  f o r  t h e  c o n t r o l  o f  p o l l u t i o n  i n  mangroves due 
cogn izance  shou ld  be taken o f  UNESCO's ongoing r e g i o n a l  programme on mangroves. 

A l l  t h e  c o u n t r i e s  o f  t h e  r e g i o n  shou ld  have  comprehensive l e g i s l a t i o n  r e g a r d i n g  
marine p o l l u t i o n .  An agency s h o u l d  be i d e n t i f i e d  i n  e a c h  c o u n t r y  t o  e n f o r c e  t h e  
above l e g i s l a t i o n .  



Table 1: ,Dissolved/Dispersed hydrocarbons and p a r t i c u l a t e  petroleum 
r e s i d u e s  ' ( t a r  b a l l s )  i n  t h e  Arabian Sea and Bay o f  Bengal 

Dissolved/Dispersed hydrocarbons (yglkg) 

Coastal Area 

Tanker route 

Tanker route 

Arabian Sea 

Surface: 8.6 - , 10.6 - 

Surface: 
I1 

I I 

I I 

I t  

I 1  

,* 
,I 

, 
I 1  

10 m 
,I 

If 

,I 

I * 
I t  

I f  

I t  

I t  

ARABIAN SEA 

31.0 (March 1978) 
17.7 (Oct. 1983) 

4.1 (March 1978) 
42.8 (Dec. 1978) 
41.6 (Dec. 19791 

230 (oA. 1980) 
305 (March 1981) 

8.9 (Julv 1983) 
16.2 (sopi. 1983) 
10.6 (Oct. 1983) 
12.4 (Nov. 1983) 

22.9 (March 1978) 
42.5 (Dec. 1978) 
34.5 (Dec. 1979) 

6.3 (Feb. 1980) 
210 (Oct. 1980) 

267 (March 1981) 
1.2 (July 1983) 

8.5 (Sept. 1983) 
5.4 (Oct. 1983) 
6.1 (Nov. 1983) 
28 (June 1978) 

37.5 (Dec. 1978) 
. 24.9 (Dec. 1979) 

4.5 (Feb. 1980) 
1.0 (July 1983) 

1.2 (Sept. 1983) 
1.1 (Oct. 1983) 
1.6 (Nov. 1983) 

Surface: 
If 

Surf ace : 
I t  

f t  

I f  

10 m 
,I 

I 1  

I #  

2 ? m  
I, 

t t  

RANGE 

Arabian Sea 
0 42.8 

Average Value 

15.8 

Particulate Petroleum Residues (Tar Balls) ( mg/ml) 

Bay of Bengal 

0 - 2.3 
0 4.5 
0 - 2.8 
0 3.4 

(June 1978) 
(Aug. 1981) 
(June 1982) : 
(Jan. 1984) 
(June 1978) 
(Feb. 1979) 
(Jan. 1980) 
(Feb, 1980) 
(June 1978) 
(Feb. 1979) 
(Jan. 1980) , 

(Feb. 1980) 
(June 1978) 
(Feb. 1979) 
(Jan. 1980) 
(Feb. 1980) 

BAY O F  BENGAL 

(March 1978) 0.42 3.45 
(June 1978) 0 - 1 . 6  
(Dec. 1978) 0 - 69.8 
(May 1979) 0 - PI 
(Feb. 1980) 

(March 1981) 
(Feb. 1982) 
(June 1983) 
(July 1983) 
(Sept. 1983) 
(Jan. 1984) 
(May 1984) 

Bay of Bengal 
0 28.2 

I-' 
'-0 

1 

(June 1978) 
(Jan 1980) 

(Feb. 1980) 
(Jan. 1984) 
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T a b l e  5: Mercury p o l l u t i o n  i n  and around Bombay c i t y  

Components Distance from shore Thma Creek 
Coast 1 k m  1.5 km 2km ' 3 km 

Water (pgll)  1.4 23.0 1 2 - 2 9  10 - 35 9 - 30 14 42 
Crab munclta 0 . 2 -  4.1 0.1 1.5 0.2 - 1.0 0.3 - 1.3 1.8 7.3 
(ppm wet weight) 
Sediment 0.1 - 27.0 - - - - 38 

' (ppm dry weight) 

Source: GANESAN at a1 (1980) 

T a b l e  6: D i s t r i b u t i o n  o f  mangroves a l o n g  the  I n d i a n  c o a s t  

Wsst Coast (Area In hectares) 

East Cout 

Gujarat 
Maharaihtra 
Goa 
Kamataka 
Kerala 
Lakahadweep Islands 

Tamil Nadu . 
Andhra Radeih 
Orism 
West Bengal 
Andaman-Nlcobar Inland* 

Total 681,976 
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Table  8: Popula t ion  and r e l a t e d  d a t a  and some e s t i m a t e s  o f  p o l l u t a n t s  
e n t e r i n g  t h e  s e a  around I n d i a  ( a s  o f  1984) 

Population 
Coastal population (25% of total) 
Area of the Country 
Agricultural area 
Excluilve economic zone 
River runoff (annual mean) 
Rainfall per year (on land) 
Rainfall per year (on Bay of Bengal) 
Rainfall per year (on Arabian Sea) 
Domestic tewage addedto the tea 
by coastal population per year (@ 60 1 per headlday) 
Industrial effluent8 added to the 
sea by coastal industries per year 
Sewage and effluents added by the 
riven to the sea per year 
Solid waste and garbage generated by coastal 
population per year (@ 0.8 kg per headlday) 
Fertlliser used per year 
(@ 30.5 kgha yr-' ) 
Pesticides used per year 
(@ 336 g h a .  yr-' ) 
Synthetic detergents used per year 
Oil transported across the Arabian sea In 1983 
Oil transported to Western Hediphere  in 1983 
Oil transported to Far East and Japan In 1963 

-- 

720 million 
180 million 

3.276 x 1O'kml 
1.65 x 10'kml 

2.015 x l0'km2, 
1645 km3 

3.5 x l onm3  
6.5 x loam3 
6.1 x loam3 
3.9 x 109A3 

53 x 1 0  tonnei 

5 x 1 0  tonnei 

55000 tonnes 

125000 tonnes 
513 x lo6 tonnes 
291 x 10' tonnes 
222 x 10' tonnei 

Tar deposition on beaches along the West Coast 750 - 1000 tomes 
of India per year 

Table  9:  Concent ra t ions  of  a  few heavy m e t a l s  ( i n  pg/l)  i n  ice and water ,  
P r i n c e s s  As t r i d  Coast '  A n t a r c t i c a  and i n  a  q l a c i e r  .- - i n  t h e  Kashmir Himalayas 

Sta tion Fe Zn Cu Mn Ni Co Pb . Cd 

Antarctic tea 1.4 14.4 3.0 6.8 2.0 0 0 0 
Antarctic Lake 50.5 13.6 3.4 5.6 3.2 0 0 0 
Hlmdayan 82.5 4.5 4.1 17.0 1.8 1.1 3.1 0 
Glader (mean) 



Figure  1: Movement o f  o i l  from Middle E a s t  c o u n t r i e s  
by s e a  1982 ( m i l l i o n  tonnes )  



c 
6 
-4 
-a 
C n  
u (U 

1-1 
c  -l-> 
1-1 c  
(U (U 
z u 

4 -l-> 
(-1 a  

mo-t-1 
c a  
0 u 
4 0)  
J -  0 
(0u-d 

J- 
r-4 c a 
4 0 a  
0 1-1 

(0 CT 
4 0 
o c c  

a  6 
c  (U 
3 0  
-4 4 0 
Â¥I- 4 
6 0 C  
> a a  
(-1 n 
: F: 
n -4 
0 4-> 

a  0- 

O h  
0 4  en 
L (U 

en -i-> 
( - 1 1 - 1  
( U 3  
4 .C 0 
Â ¥ * - >  
Q- 0 -  







PUBLICATIONS IN THE UNEP REGIONAL SEAS REPORTS AND STUDIES SERIES 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

No. 8 

No. 9 

No. 10  

No. 11 

No. 12 

No. 1 3  

No. 14 

No. 15 

No. 16 

No. 17 

No. 18  

No. 19 

UNEP: Achievements and planned development of  UNEP's Regional Seas 
Programme and comparable programmes sponsored by o t h e r  bodies .  (1982) 

UNIDO/UNEP: Survey o f  marine p o l l u t a n t s  from i n d u s t r i a l  sources  i n  t h e  West 
and Cent ra l  African reg ion .  (1982) 

UNESCO/UNEP: River  i npu t s  t o  t he  West and Cent ra l  African marine 
environment. (1982) 

IMCO/UNEP: The s t a t u s  of  o i l  p o l l u t i o n  and o i l  p o l l u t i o n  c o n t r o l  i n  the  
West and Cent ra l  African region.  (1982) 

IAEA/UNEP: Survey of t a r ,  o i l ,  c h l o r i n a t e d  hydrocarbons ' and  t r a c e  metal  
p o l l u t i o n  i n  c o a s t a l  wa te r s  o f  t h e  S u l t a n a t e  of  Oman. (1982) 

UN/UNESCO/UNEP: Marine and c o a s t a l  a r e a  development i n  t h e  East  African 
region. (1982 ) 

UNIDO/UNEP: I n d u s t r i a l  sources  o f  marine and c o a s t a l  po l lu t i on  i n  t h e  East  
African reg ion. (1982 ) 

FAO/UNEP: Marine p o l l u t i o n  i n  t h e  Eas t  African region.  (1982) 

WHO/UNEP: Pub l i c  hea l th  problems i n  t h e  c o a s t a l  zone of t h e  East  African 
region.  (1982) 

IMO/UNEP: O i l  p o l l u t i o n  c o n t r o l  i n  t h e  Eas t  African region.  (1982) 

IUCN/UNEP: Conservation of  c o a s t a l  and marine ecosystems and l i v i n g  
resources  of t h e  Eas t  African reg ion .  (1982) 

UNEP: Environmental problems of  t h e  Eas t  African region.  (1982) 

UNEP: Po l lu t i on  and t h e  marine environment i n  t h e  Indian Ocean. (1982) 

UNEP/CEPAL: Development and environment i n  t h e  Wider Caribbean region: A 
Synthesis .  (1982) 

UNEP: Guidel ines and p r i n c i p l e s  f o r  t h e  p repa ra t ion  and implementation of 
comprehensive a c t i o n  p l a n s  f o r  t h e  p r o t e c t i o n  and development of  marine and 
coas t a l  a r ea s  of  r eg iona l  s ea s .  (1982) 

GESAMP: The hea l th  o f  t h e  oceans. (1982) 

UNEP: Regional Seas  Programme: L e g i s l a t i v e  a u t h o r i t y .  ( i n  prepara t ion)  

UNEP: Regional Seas  Programme: Workplan. (1982) 

Rev. 2. UNEP: UNEP Oceans Programme: Compendium of p r o j e c t s .  (1985) 

No. 20 CPPS/UNEP: Action Plan  f o r  t h e  p r o t e c t i o n  of t h e  marine environment and 
coas t a l  a r ea s  of  t h e  South-East P a c i f i c .  (1983) 





No. 40 SPC/SPEC/ESCAP/UNEP: Rad ioac t iv i t y  i n  t h e  South P a c i f i c .  (1984) 

UNEP: Socio-economic a c t i v i t i e s  t h a t  may have an impact on t h e  marine and 
c o a s t a l  environment of  t h e  Eas t  African region.  (1984) 

GESAMP: P r i n c i p l e s  f o r  developing c o a s t a l  water q u a l i t y  c r i t e r i a .  (1984) No. 42 

No. 43 CPPS/UNEP: Contingency plan t o  combat o i l  po l lu t i on  i n  t h e  South-East 
P a c i f i c  i n  ca se s  of emergency. (1984) 

IMO/ROPME/UNEP: Combating o i l  p o l l u t i o n  i n  t h e  Kuwait Action Plan region.  
(1984 ) 

No. 44 

GESAMP: Thermal d ischarges  i n  t h e  marine environment. (1984) No. 45 

No. 46 UNEP: The marine and c o a s t a l  environment of  t h e  West and Cent ra l  African 
region and its s t a t e  of p o l l u t i o n .  (1984) 

UNEP: Prospec ts  f o r  g l o b a l  ocean p o l l u t i o n  monitoring. (1984) No. 47 

No. 48 SPC/SPEC/ESCAP/UNEP: Hazardous waste s t o r a g e  and d i sposa l  i n  t h e  South 
P a c i f i c .  (1984 ) 

NO.  48/Appendices SPC/SPEC/ESCAP/UNEP: Hazardous waste s t o r a g e  and 
d i sposa l  i n  the  South P a c i f i c .  (1984) 

FAO/UNEP: Legal a spec t s  of p ro t ec t ing  and managing t h e  marine and c o a s t a l  
environment of  t h e  Eas t  African region:  National  Reports.  (1984) 

No. 49 

No. 50 IUCN/UNEP: Marine and c o a s t a l  conserva t ion  i n  t h e  Eas t  African region: 
National Reports.  (1984) 

No. 51 UNEP: Socio-economic a c t i v i t i e s  t h a t  may have an impact on t h e  marine and 
coas t a l  environment of  t h e  Eas t  African region:  National  Reports.  (1984) 

No. 52 UNEP: Arab co-operation f o r  t h e  p ro t ec t ion  and development of t h e  marine 
environment and c o a s t a l  a r e a s  r e sou rces  of t h e  Mediterranean. (1984) 

UNEP: UNEP Regional Seas Programme: t h e  Eas te rn  African Experience. (1984) No. 53 

No. 54 UNIDO/UNEP: Contingency planning f o r  emergencies a s soc i a t ed  with i n d u s t r i a l  
i n s t a l l a t i o n s  i n  t h e  West and Cen t r a l  African reg ion .  (1985) 

FAO/UNEP: Marine mammals: g loba l  p lan  of a c t i o n .  (1985) No. 55 

N O .  55/Annek FAO/IUCN/IWC/UNEP: Marine mammals: g loba l  plan of a c t i o n .  
(1985) 

GESAMP: Cadmiun, lead  and t i n  i n  t h e  marine environment. (1985) No. 56 

No. 57 IMO/UNEP: O i l  s p i l l s  and s h o r e l i n e  clean-up on t h e  c o a s t s  of  t h e  Eas te rn  
African region.  (1985) 

No. 58 UNEP: Co-operative programmes sponsored by UNEP f o r  t h e  p ro t ec t ion  of t h e  
marine and c o a s t a l  environment i n  t h e  wider Indian Ocean region.  (1985) 

No. 59 UNEP: Environmental problems of  t h e -  marine and c o a s t a l  a r ea  of India:  
National Report. (1985) 


