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PHEfACk:

H,e Ile'lional ~cas Proy,'a...,e waS ioitiated by UNU' i" 1974. Since the", th"
{;ovemi"y louncH of UNEP has rcpt<Btcdly endOl'sed B "eyion,,1 approad, to Ih" control
of "",rill<: poLlution and thc mB"agc,"wl of marine and co"stal resoucceS and has
requested th" develo~""'-Bt of regional actioo pl"ns.

lhe Hegio"d Sea" Progra...e at p,,'Sent inc1ud"" "lev"n r"~ioes 1/ "nd has over 12lJ
c'osst"l Slat"s psrtidpstirog in it. It is concdved as on "dioo-ori"nted progr"m"'"
t,aviny <,oncern not <mly foe lhe consequencos but 01"0 for the causes of
envi,·o,..mlsl degrsoation "nd enco",passi"g a cO"'I'r"hen~iv" opprooch to ooohnting
erwi'·o""e"t"l "rublt..s througlo the mona<l"m""t of 1I0rine ~nd ",ostol "ceas. Each
r"'1lonal fIetion plan is formuhled accu'·rHn~ to tt,,, need~ cf the reQion as perceived
~y tI,e {;m'ernm"nts eoneerner:l. It is deslyned to lJnk aSl<essmeot of tllP quality of

the ,""pwe enotronm,,,,t anr:l n", c~u~"s of its deterIoration "lth activities fnr th"
menagL'fll"nt ami developroent of the mAdne orod c"aste] envirocment. lhe "clion plnns
promote the pHallel duvelofl"l€nt of regional leyal "qN'eme"ts an,t of adicn-orienterJ
progr"mme hctivities.

five of tI,,, regiona in ttle UNEI' prcgramme includc in their g<"Oqraphi~ S~Dpe

watne of It,,, I"dia" (,eeun or of th" seas Ull it'~ "edphery. Thcs" "re
Aft'i<;a, (ast Asian Se.a, Kuwait Action flan Pegion, South AsIa" SCM, and
and Culf 01 Aden.

coaslal
t.he Enst.
~erJ Sea

The ~r<,s,.'nt r""ort W(l~ pre"a"e<l with n,,, aim of assessJllg the p."sent level of
polJution in tne Indi"n Ocean and thc e~t""t cf informolion ovoila!>le 00 the ","rine
~nvironment end pollution in lhe area. In oddition to the Statns of the fast
Africa" Reglon (LomQro~, K~"ys. HsdH<,~sG"r, hauritius, liO?~mhque. ~eyd.elles,

50mulia and tt,~ IJnHed kep"hl)c of Ta"zania), tt,e stu<ly CQvers Oa"g18rleslo, [j",",.a,
india, p"Ust"" Anfl o,·i LQn.·~. In its pre""ratioB, information was ohtained from
most of the ..atine institut€S or lI,~ Stat"s mcntiO<oed ulJOve. I" additiol\, rMn)
u~eful uocume'nts we"e ",lid" "vaJlabl" by the library of tile ()ceanogrophic Muse"", .t
Monaco anD the tibraq of the Hadn.. 8ioloqlcol Asmciotlcl\ of the Uniled Kingdom I"
Pl~'I'~'_"". nrc assistance end rn-operation recdv~-d from H".se i~stitutes os well as
from {;O'HM<'I,tS and University sources ts <;r"lefully a"knowl~<JQed.
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riot", cepnr'. ~ttempts to pCDvietE' a genprnl ide~ of the Murces,
lpvr's Bnet effect~ ~f mBd,,~ pollut'mts in th~ ',....;~n nCEan ns w~ll as the pxi"t."nce
?nd <"l<t~nt of ..~rlne POl1vtion ..cnitorin~ sy~t".,s ~t prespnt "vai!.ab\~ in the
Are". H. te lntenrled to eerv~ ~$ ~ SOlIr~~ rlocum~"t for Hentual progr~rTIIles

cphUng to pol1ut'cn "m~tt.or!ng ~net itR ~cmb~tt.ing in the 'nr1j~n rC~"n Are~.

Thia paper h~s b@pn dividRrl into two parte. P~rt one dea's with >,he

int.reductio" """ <il'scription of •. 101' ~~e". !t provides Inf<Jr'"~t.i~n an tl>e
physi"llrDphy of the r ..gion which covers r.h physical 85pe~t" of thp OCE~n 5U~"

~s curr~nt systems end ""'.~c_m~ss mov .... ents' the grologka1 f~"tur~s of the
oce"n b~d; ~n~ thp "'PtMrolo~y relet,,~ to th" Ate~. Marin~ chl'mlstry, mar;nr
hiology "n<1 f.\StlHj~5 of th~ Rr"~ Mr ~lM ;n~lu<1~~.

Part two d.~'s with the pollution prob'ems of
industd"' """,,t;on, pollution from municipa' en"
~ont"",in"Unn, t"c'io<"'tiv~ po",,,'on ~n~ po"ut;or>
~ctivite5.

th~ are. snc cover.
dom"stic &luree., 0; 1

re'''te~ to ~gdcultuT"l

Th~ information in ·h;. ov"r~i"w

<1n~lJnent.s provide," fl"Olll s"v~r"' r~.~arch

tho Tndi~n Oc.an •• w"ll ~s from th"

has born obt~ine~ from p"pen "nd
c"ntres 'or~'o~ in I"h~ ~ount.d?~ borcl.. dng
r"fer"nces liste~ in ttl" b;bli~qr2phy.

For ,h~ purpo,,", of this ."port. thr 'm'ian Ocron hE'S bem dpfjn~<! a"
follows: Wpsrern Poundpry, ""E snd ttl tl><> southern bor<1pr of 1't1zalllbiQu,,; East.ern
8out"O"nry, "'i"[ (to th~ ....5tHn ~oa5t of ,'us,".r.lla); Sout.h'nn Bourvlary, 'r"~, from
l'urtJan on th~ ~outh ~frican ~oast. to Gr~.'" Ilorn on t.he '!est ~..str2Uan foas'. tho
two major basins inclu~~rl wHhin t"~se li .. He Dr.. tha f!ay of Bengal "nrl th~

"rebian C"". Thc prao "o~ar"" by thea'" boundarics is of the order of n ..i-'.lion
square kilometres and the "~araqe d .. pth of the 0('"1'01' is ;prr metres. Seas opan;ng
into an<' for"'ing ('" pert. of the Pce"n but ntlt trcated "P"",ifi"al'y are, the Persian
GUlf, the Rn<1 Saa, the GLllf of Outen. the rulf of ~den, ,h~ Timor Sea and th.. ~alacc"

~t.r~Hs (aee fig. ').

~ountrieo having borrlH. on th.. ar"a unrlnr eur~ey are toIo,amb'.o,m,
tan,a"i", Kcnya, c"", ..lie, PekJetan, 'nrlie, f1engledesh end Burma, lsl ..nda within the
arM "rn ""'<,ogEs('ar, Sri Lanka, th~ Seychelles, Mauritius, the Comoro 'slands
and t~e Mal~iv~s as well 8S the '-PTriror;e1 ;a'an<'o (""e no. 7). Despite the
afor~~ent10n~d boundari"a, th.. oc('"snogrophy studied will co~er the whole arp" of t~
'nrH~n P"psn an os to far;' itM.. th<> pr"a"nt~t.t.ion nf fa"tures such '8 curr ..nta
and w~t('"r m~ss mov(,"OIent,,~ hence the southern bounrlsry w;ll eKtend to Int8rol"ico.
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The 1,..,1;8" Ocean is thfl smallest of the th,."" major o~eans. Jt has unique
features in it's dYnBmi~ oceanography, meteorology and geo'ogy. There is an overall
""gail V" ....tar balance in the lnc:!ian [keen. The Ray of Benga1, on He ""n. haa
a Jl<I8itive watH halance d"" to the input by precipitet.ion and run~off exceeding
evaporatilffi. The dynamic oceanO<Jrphy 1a influencoo to ~ great ""tent by the
meteorology especially in the Northern Hc.. ieptlere. Ttleae inter-related
..ff.-da give dse to t.he a"salma! Mnaoona and monsoonal currents.

The Current ~yat"OlS

3.2. 1 Surface rurrents

The current "yat.... In the Southern ""miephere "r the Indian Ocean does not
cn..nge much from BasSOn to seaeon end is dominate<! by the South Equotorial E:urrent
and Weatwind Drift (see fig. ~). There ia a large anticyclonic gyre, the
BDuthern_llOst poort of ""ich is the Weat'dnd Or; ft lying bet""en JP"S and 5(1"5 with •
width of 2011-24C nautical mi'es. It can reach a speed of 20_30 Nfl per day ncar
the ~erg,-",len 'slands, ;5 normally dependant "n the wind anc ia sMeonally
and regional'y variable. In winter H tu.ns no.th befo.e ~ustr"1ia and joins the
current coming f.om the Pacific via Southern Pustralia. In s .......er it joins the
south~bound current. .....st of Australia aoo flows to the Pacific via the southern
ocean.

Ttle West 'ustralia Cu.rent. reaches Jr-J5 NM per <lay nort,.. of Equatorial
Current at noS due to the "ffeet nf t.he Soutl'"eaBt Trade wincs. In th" southe.n
SUlllll... th~ flow becmes ,.astwar~ and shifts aoutheBat. The current is
reinforced in tl>e winter by " flow from the ""cine vie the PrRfuro Ses and re.ch,,"
up to "1 knot v,.locity. It divl<i,..s int.o three branches before Mad~!l~scar; one
branch flows no.thwerrl around U,e Ishnd et 5f-60 Ml per d~y and then turna eHt,
the secon" branch runa north anrl th~ tt>irrl turns south sl'd becom"s the Mo""""'iqu~

~nd lat~r the '!lu1has Current.

In t.h~ North~rn ~e",l.ar>h~r~, purrents are grpa~ly il'fluence<:! by th..
monaoons whi"h giv~ rise to the Southwest end North~ast Monsoon Drifts. No.th of
/stihJde lO"S, surfa"e currents va.y "ith SeaSo"S. !Ju.ing the Northeast ~nsoon,

the wcl\_"'evelo",,~ ~'orthe~"t Monsoon Drift <lr North EQuatorial ~urtent, f'ows "est
and southw~st. Tn February, t.h" sout.harn boundary shiff." 5~7" south and turns
north in ~"'rch diaappearing 9S t.tw ~outh""st Monsoon Drift. b~lna. The norro"
[que-.oclal "Ol..,ter eu.r..nt spts in ,s a reSUlt. of ttle ""uthwaat f1ol<inl)
,om~ll Current and a nl'1rth.....<t flow fro.. Cape Oelgerlo. Tn November, it
repchf!s sp<'eds of ~r M'I per rlay and in FebrllSry, also shifts south, th~n back north
snd rliaappears,

~s the 'louthweet l'bnsoon b~ina, ~he 50uthwest I'Qnsoon Dri ft appears 'I'd
flows eas'war~, south of 'Mia, reaching up to ' koots SQuth of Sri Lanka. It's
branches flow clockwise in the ~rabian Sen and the lItIy of BAflljal. Ihe southesat
now reaches Jr-~2 NH per day off the west c,,~st of Indie. The East ~frlcan Coastal
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lmportant local
Current, the Equatorial

currents are the /otozari>ique
Current, the ~onoa\i funent and the

Current, the
Weat ~ustrallan

Agulh""
Current,

~. 2. 2 Sub_surface furrents

cuhsurf"ce current manaure ..enh ahow that, at. 0 depth of I~, t.he pattern
does not change much "~c"pt for the Equator;al C"U1tH furrent which starts "c
6r"E and ia narrow", and lnOra eoutherly than at the surf"ce. At" depth of 1rr '"
currcnt.a aouth of 5"1< arc reverse" under t.he I<ort.h snrl South [quatorlal Current<>
and under the Count.ercurrent eeat of 7r"E. ~t " depth of 5~1J m, bet"een 5"1< aoo
1l"5, c(Jrr"nt.., Bra e8Bt""rd wHh a clode.. iae oyr" arouro e centre at 50S and 6[QE.

H a depth of l5rr m, en anticyclonic gyre ia formed by e broad ea"t"",d
flow sout.h of lr"~ whlrh mHgM with a aouttwrly current at PU"E nnd t"en turns
north ct 95°[ to event.ua'ly dege""rate into smalleI eddies. A alower branch flo""
south ot 7~_rr"E snd 2r·Z5"~. At a depth of zr(\f m, the sa..a current, bet"""n
1,"E an<' '~oE, is slo.....r ane! a branch flo,." rIOrthward at 65"E. A current from the
Bay of ~engal ""'eta a flo.. from t.~e csst at the equator and turns northward to the
Red 5ea. ~t "depth of ~~(,C 1ft, there is sn Matwar<! flo.. between 1(,"[ and ?~"[ ""d
a c~lonic gyre appears between 25-'5"[ ~nd 5~_75°[.··

The :"crlpps 'natitute
mensurements from 1"" t.o Z"S in
sho~n in tabl e .1. The Ufldercurrent
a furt.her ' ~eeks proved.

of Uc..anography made ao.... dire~t curren~

July-SephOlber 19l'Z and February_M~rch Tile aa
was st.eble for scveral ....eka as measurements o_e,

At. t.he
at a ma~!m....
isother ..", High
eastward f1ow.

equator,
as shown
Mlinlty

between 798E an<:! 91"[, the themocUne thickness ~"a

by measur_ents of the d!atance oetween the 15°C and 15°C
anrt 1"" o~ygen were noted at tha point of ..axi.,,,,,,

~.3 Water Masees

Then are' major ~nt.er manea In t.he Tn~ian arean, the lndt~" !leean
Central Water (lOCI'll, [quatorial Wa'-er (lnnn anrt Deep water ('nOW) arKl t"o
tranaHton types th~ ~ntar"fic Tntpr"ec!;~·.e "later (UW} and the Rer' oee Wa"",r.
Tha mcw 1 ios betwcen '5_4P"S Me' l5_?CO~ nn~ ;s f"rmec' by ainl<ing ~> ths subtropIcal
converqen~e. The ~nlinity rar>oeS of tho 100' ~.e lerge. than those of tho WCW due
to mixing of th~ high sallnit.y Red 'iea Water aM the low aali.nity coastal
water.

The s(JbantPrdlc .. ~ter (5W)· ia 0 low ssllnlty w"ter lIaM formed by
.. being and vertical circulation between tf>e subtropical snd ~nta""t.1c convergences
ond Is distinct. fr"'" the ~!... whic" originates wit.h" "alinity of ~~.~r ppt and aits
along a well defined belt Bround the ~ntarctlc ContfnenL After sinking, the SW
apreads nort.h to "Ix w[th wa'-ers above ond helow it end forms a minimum salinity
water m"se, wit.h low tempentures and high oxygen content. at s depth of 2((_70U m
between th.. ~n>.arctic ~nr! altJtr""i~"l ""nvergencBs. Nort.h of the Ist~er

convergence, it sinks t.o a dept.h of ~l'r_IS(\[! n, t.han rises to 3 depth of
5OC'_~CC "., ""ar IC.~ ~her", sslinity increase8. West of ~ustralla, it spreads
_~~.~__ ~> ~_••. ,nn "r"~ ._... 'UC A~ n "AA~'" A" ~,,~ n ...... ~_.h_A~f- Qr ·'M"~
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Table 1: Current measurelJleot" (by Scripps Institute of Oceanography)

- -

LATITUDE MONTH SPEED now DIRECTION
- --

79'£ September eo em/sec eastward O' latitude

;

89" E September ;0 ern/sec eastward o- latitude

so-E April an em/sec westward O· 100 m deep

aa cmlsec

61'E March

" CI:l/sec
O· latitude

M.,
53' E - 00 current, westward flow

August meridonial

62' E August - 00 current, westward flow
meridonial

85' E I February
, em/sec eastward flow

From, The Encyclopaedia
R. w. FAIRBRJnGE

of Oceanography
(19661



r
!

-~--

~ , ~

From the Benda Seo ~on;e9 the 1"" salinity &n<1& 'ntermediate Water (BfIIl
....;,,1> spreads "MI., Muth of IOOon"s;o, end southwest ofr 'ustrelia below the 4111 at
depthe of lrr~_14rr m. The high ~alinlty North..~st Indian lnt_ermediate Water
(NlIW) lJoe above t.he lilli, lr-2C"S end 7tC_leer m de~p "r>:t mixes with the AlII.
fHghly ,,~lin" ...atere originate from S ar~~" ond are silo .. ,.. in table 1.

Withi" the th,.~.. "",jor wat.er ..asspS of the Indian O~""n ore found nyc'
S01,11"r dpep ".I.er ..~sses. fhese are t.he rirclJOpol!H !'Jeep Wet"r (CPO'll) fro," the 50"t!>
Mlanti~ n~ean, the ~ntnr"tk Botto.. WatH (ABW) from the ftntor~tic

continnnt~l slope, th~ North 'ndi~n lJ<oep Woter ("'lOW), the North Indian Bottoll W"ter
(N"lI') and the South Irdi~n Deep W"t"r (STDW). The CPOW flews east~"rd between
~5_'5e5 ~nd is fairly ..",rm. It ent.er .. the 'rdien (Ic<oan "t. '5eS en~ ?r'[ below ?UCr ..
oeP':.h ""'0 reaches 2C_2?OS and ·r--b.~°E. Tt meets the SlOW at '50S and moves ""uth.
The lstter forms ~'. 1(_16°5 at a de~th of 15rC-'5CC m from the t(TOW,
Subant.ardlc rnt@c..f'diat~ OI~ter (STOll ~r>c1 ABW ~nd ~redomtnates P.""t of 1150[, Tho.
NT[MIl for..s in the ~rabian ~ea fro," the highly salin" Red S~a .stus anc'
moves e~st and BOutheee'. Although the to,"pora~ures d~cr~~~e the salinity does not
ch~ng.· '''<l~h ancl the water thus sinks to a d~pth of ?OCr-25W m north of the equator.
Beheen lro" and If'"5 it. ",;~e3 with t.he 51'" "no1 ~6W "no1 is transfered into t.he SlOW.

The MIW forms through .. i~\"!1 "lth the ~SW .no1 CPOW. The w~st half of the
lr>c1i~n r~~"n is rlnmin~t.~d t>y w~t.~r from t.he I'nodell Sea whil~ t.hO' ~ast h~lf receiv@~

those from past of 9rO~. Shelf W.tH for.... botto.. watpr wile" the density is
gre~t.. r then 27.P" grr.lanJ with tempPret.ur@s of _1.P _ 1.9·r and a salinity graatar
than '4.5? ppt which occu~a ~uring ice form~tion (1.5 - 2.5 .. thi~k). Tn winter, the
botto.. weter li~s at a depth of 5CC_PCr 10, 6f-fl~ 111M from t"~ shelf and ~C~C_~5CC

m deep notth of U,e ~ntarrtk lon~. In the sumer, It sinks tu 8 ~e~th of 12(r m
near the ah~lf en'" heC(1fIles lhp tilllW between 16~S and 10·S where its
"h»r8~t~rlat!ra "he"'Jp. Flgur..s ~ a, b and ~ ahow the vertI~AI alll! horl>unt.Al
posil.ion of SOOla of th~ watH IOass~a whilst tabla ~ gives aOlOe "f their
c"~ractHistics.

3.4 Tides

The tide9 ore bot.h diurnpl and ""mi~diurr>~l with the for"",r dOllJnHIng on
the west coast of ~9t~elia and southern J8V~ and th~ I~tter "on"entrati"!! on the
east "OB9t of Mrj"p. When di9turbAn"es d"" to oheJf are negle"ted. variation in
phase of Seffii_dlurnnl tIdes are vpry amall. The mean range of spring tidea aTo"!!
the norl.hern ~OA$t of tl1~ ~rabinn Sea is 2.5 .. at ~d8n. 5./ m at. lIoOlbay and 1.1 m
at Cochin. On the west coallt of the Pay of Bengal ",,01 on the rest cout of Sri
Lanka. the Olean spring tide ronge is about 1 01 but the north and e~st coasta hav"
1'.5_5.2 .. ranges ~up to sha1\ow depths. Th" R~ngoon sprJng tides ex"ee<! 7 01.
Tn the ft>zambique Channel. values of 3_5 m are recorded ~nd frOlll 6_12 m along the
nonhwast c,,~st. of ~u8tral ;a.

'.5 Waves

fn win'.et. In the Northern ~eOlJsphere. '.he Northeast. .....nsoon only "..uses
smal I wavea be IOw 1 m but. in s"""",,r. aape,,; a' I y from June to Pugust, the Southw..at
""'"soon g~ner"t~6 wav.." higher than l. In. Ov.. r t.h" Kergu61~n Tslanda these ~a"e been
S""n to react, 15 m heights with W,,"el.engths of 7~r m. S..,,11a of 7.5 m in height,
351.7 m i" IC"'lth ..nd 14.~ seronds i" pO'riodicity h~ve been recorMrl in the



Table 2 Characteristics of Waters Entering the Indian Ocean Basin

(Saline Waters)

originating from Salini ty ", Depth ~ Densit

'eO 'eo 36.30 - 34. so '00 - 000 27.30 -

Persian Gulf 36.10 - 35.00 ;0" - <0, 26.40 -

Northern Arabian ", 36.50 - 35.00 WO - ;00 24. so -

Arabian ", 36.60 - 35.20 0 - WO 23.80 -

Eguatorial Imlian Ocean 35.80 - 35.20 o - no 23.00 -

From: The Encyclopaedia
R. v. FI\If<BRIDGE

of Oceanography
(1%6)
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Figures 4 Wa~er Mass Characterist;~s. Indian Ocean
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Table 3 Characteristics of Water Masses in the Indian OCean

Water Mass Temper"ture " Salinity <>(00 Depth 0 Density

Indian Central Water a - rs 36.60 '" - '"
35.50 1000 - 2000

Equatorial Water , - ra 34.90 - 32.25

Antarctic Interroediate U 33.80 27.2 -
:ronned ,<=

Antarctic Interroediate 3.4 - '.0 34.20 - 34.50 '" - '"
34.75 ;00 - '"0

Banda Intermediate '-0 - '.0 34.60 - 34.70 1000 - 1400

Northwest Indian
Intermedi~te '.0 - '.0 34.70 - 34.90 ,"0 - 1000

North Indian ~., LO - a.s 35.50 - 34.80

Antarctic Surfece 0 34.58 - 34.62

Circuf,lpolar 0 34.76 - 34.70

North Indian Bottom '-' - U 34.74 - 34.76

Antarctic Bottom 'later -0.9 - 0.0 34.66 - 34.69 27.87

------_..~--

Prom, The Encyclopaedia
R. W. FAIRBRIDGE

of Oce"ngography
(1966)
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).6 Salinity

MadlllUll ssUnity 'alues occur west of ~u"tralia eoo in the Arobian Sea.
low aalinitiao ore recorded In the eastern side of the eQuatorial zone at the
tr"nsition between the SoUthwest Trade Wlnda and the mOllaoon, and ....tend south to
In"S (aee fig. 5 a ~ bl. In the nonhern ocean the ""Unity vaiuee very uaaonally.
In the aummpr It ia very low In the Boy of ~engal and very hIgh In the Arabian
Sea. Low aoUnity is due to tha heovy f,..,ah ...ter run_off meinly ,Ia the Gunges,
Br8m8putr8 Ind Irrawaddy River8. The rise in ""linity in winter ia due, in part,
to the dry eee""n and in part to the up~ai!inq of high salinity weter in
the ......hrn Bay of Bengal which then foil",." a northerly flow.

J. i Denolty

Denaity voluea correspond to sal~nity snd temperature Ind ehow e low
deneity areo between O' ond 20~S (2'g/"",') and off Jov.. BOO Su..etra <11.5 g/c,,'). In
the ~outhern flemisphere, surmer aurflce dena~ty vslues decrelee northwarde fro.. 27

:~~itya~al~:i:~d:~~~:;:~:~n ~:~Ia~~ere~~ fro:t2;7:;~,~~~h ~~ ed~:~h:~naunm~~~
to ~aiow 19 o;Vcm-' in tile north_western psrt of th~ Bay of Bengel and above 24
g/~ in the Arebian Se". figure 6 shows Some density vsluss for the Indisn Ooean.

The western hal f of the ocean is warmer then the eootern hal f at the sa"s
latitude due to the oesan dreuhtion pattern. In febru""y, the Soothern
Hemlaphere la in oummer and tempersturea above 29"C ore reoorded off Australia.
laott>erma run from WSW to ENE tu~ning aoutheaot when they are between 25"C and
27°C. Between 40°5 en<:' 50°5 9 12"C difference ie noted Md 10 a result of the
transition zone between mIddle latitude water and polar water. ~ith the change of
..oneoon aeaoons, temperature" above 29"C ere Seen in ~st parts of the Northern
Henisphere ;n Hey. By ftugust, these temperatures heve dropped again and, ss a
reault of the up"allJng cauud hy the oout.hwest Monsoon off 5omolia, values belnw
25"C ore noted between tha Som.11 C""at and the eoutheast coast of Areble. In
Novenber, the surface temperature is near the snnual _n end north of 10°5 the
range Is between 27~C and 27. 7"C only.

'.9 Pressure

".
eastw....d.

pressure values of the Sea ",urfece
figure 7 ehows the dynamic topography at

incrsase
the ocean

as one
surface.

progreasee

~.IO Cllmetology

The cH..ate in the Indisn Ocean ~rea Ie influenced by end influences
both the land and woter end is oharecterizsd by its monsoon aeaoons. The
meteorological and thermal equator over the Indian Ooean lies slightty south of
the geographic one 1n January and north of it, on the i\aiBtIc Continent, In
July. This divides the 'Iorthern and ~outhern Hemlapheree Into distinct
mBteorologiosl provinoes. The winda in this erae unde~go s complete shift between
Janusry and July resulting in the Northeast IoIonaoon In the former end the Southwest
Monsoon in the latter (eee figs. 2 a ~ b). This annual oycle Ie dominated by the
haating and cooling of the Asietic Continent. A low preMure erea over the
Peroisn Gulf during the summer oauses wind systems o,er the North Indian ~ean

to blow from the southwest whereos in winter, the northeaet wind comea from the
high prenure zone o,er the Tibetan Plateau. Presaure ""d te..peratut"e patterns over
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figure 5u,

figure 5b:
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fig"r~ 9a, Temperature and pressure patterns over t.he Indi ..n Ocean
(Janu~r )
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fi'Jure 9b: Tumpcrature and pressure patterns over ttle Indi ...." Ou~..n
(July)
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Ihn moderating eff~ct of th~ oc~~n rpsu1ts in litt\p ~h"ng.. "f pr"ssur~

~nct win~ bptw~~n .'~nu~ry ~nd .'uly in t.he .. idd\p and high '9tHu~M of th~ ~outhern

~rmisph~r~. Stor.. winds, "bov" ., nn t.he Seaufo"" scale, are <J""dn~nt ;n the
northp.rn sUIMI~r 1eclv\ng ,. c~lm lone b~t""en l'S ~nd ~"N "est of 7P"E. The Ilorth"rn
w;nl ..r is ~B'm wi", ~n occ~s;on.] cropi,·,,' cyrl~nt, ,-,ruund lr·"S and r5"E-9S"E
~ri~.lng b"t"'~n ~Iovember and 'pri'.. 'n the Southn~ Hemisphere, southwEr" from
]~"S, starm w;nrl~ ~ ... ~"~n more fr~qupntly.

['o"d cov~r is higho~r. rludng the 50ut.hwest Monsoon in the Northern
Ile.. .lsphere but ~]thOuq'l this cl~"rs rlucing the NDrd,,,~,,t Hensoon, the ~outhe."

H~m.;6ph:·rc "em"iM overc~st th~o"9hout the year. ~e? fog is freguent during the
Bum,,,,,, off the ro?st of ~om"lin ~nd sauth of t.he ~rabian Peninsula. Thl~

cunctens8t.lon is due to coo'ing of air tempel'~turM by the 1"...,,1' se~water temper,.tUl'e
PM is stjmulM~~ by ~ust c~jng frOlll Inland.deserts. Th.. dust lo~di~g OvH the
~'orthern lndt~n lJc"an 3veu'l2S 1.2 ",;crogl'~" p<'t., nf ";j'. T'1>' lolortheost Monsoon
tl'~nsports ~ust fro", t.he Rajosth. >Jr""rt l'~gion d one order of magnitud~ gl'e"ter
than tbos~ of th~ ~o"thw~s'. fo'onsoon OV"r th~ op~n o~..an sre~s. Tile south~rn

'odinn r'"e~n ~VHng"s r.r.p microgrRllla p"r .. of air with valuea ;n the EBSt being
higher <1..,-, t.o t.hr influence of the rrBbian rT"se"-a.

Th" tot.Rl "nnu~l pl'ecipiT.etio~ is hiqh, mlYre than ~r'cc II1II .In 'he centr~l

~qua'orj"l belt pnd mDl'p than 'cce "'" i~ the west"rn zon~ of the 50lJthern
~emtspt>~re. B~tween ?r"~ an1 '~"5, up to a nonhel'n boundary of 1?"5_15ft~ ~nrl

po.rt.iru'er'y off the west rosst of 'astrali~, H .Is fairly ,ky wit.h
p",cipi.t~Uon below scr ..... Tho- "QlJetorial wet zone, lying hetween the
equ~tor ~n~ ]ro~ from thp ~unde ~~~ to the Seychelles, is " resu't of the bounrlary
eN>a be"""en th~ nol'thel'~ and southern wlnrl syst"",s. The Mstern part of the ~ay of
0"'-'g,,1, p"rjcul~rly off t1a'aY51~, has e high pl'edpltstlon In rOntrBat t.o the
west side of th~ ~r~bJ"n ~e., whl"t> Is very dry. He"lrnuJl rainfall in the
~""- ar~a5 occurs 1[°5 to 75"5 bet.ween December "nd Febru~ry "nrl fr"'" SON to lfo~

b~t"",~n Mnrdl M~ ~pri'. T~e9" "",xl,,~ n~~Ur :luring the northern su"",er in '.he
~~9tp.rn sirle of th~ P~y of Ben~,l "h~re~s t~ere is ~eavy pr~cipitatlon during ~ost

months ;n the ""Uest "rn~ bct_cn SftN ~nrl IPoS, east ~nd west of ~"",~r.ra.

!n ~;nur, ww,n the sun's altitude is highest in t.he South"rn liemispher~,

he,-·t is proh-Jed in all but n," '-''''';'~''r,-m"st parts of the ocesn. The me~j,"um

heat ga'n reaches 17 kNlh.'? p"l' ..on"h in the 4r"S aree, decre.ses to th" nol'tt> ~nrl
is Zera ~round If"5 in the south equ~tol'iel curr~nt where cveporaUon ;s
strongest. ". then increases ~q~jn to re~"h h ~c~l/cm per month .'It S"S
he<:'oming n~gativc north of ""N ~n<l rc~~hing p max!mUOl h~~t Joss of 6 ~cel/cm2 per
month at ?r"~I. Th~ rV~l"'ration at the Sout.h- Equatorial runent caused by the
50uth","st lbnsoon b~rcmes ",ore conspicuous i~ rebruary ceusin~ e heet Joss zone at
Its western side "M'e the me"t ..urn host gain zon" shifts Bouth by ~" latitude.
In the north, th~ he~t loss ~re" Dccurs only in a s..~ll srep nf the ""Hhern p«rt of
T.h~ ~ay of Peng~1.

'n 'pri1, t.he heat Ipse .. e~i",1JIIl l;€S over the ~gulhM Curre~t and covers th~

50uthem ~emisph~r~, ""il" are"~ nf heat. gain occur nor'.h of lC"N. Th~ h€~t

'lflin pro, rdu,'es furt.t>"r to t.he nort.hern pert8 of th~ ~rab;"n S~~ Hnrl t~~ Pay of
llef1gal whilsT. ~est loss ",erhes P maximum of 17_'/' "-cHI/cm per month
between ~avD "nd HsdpgMc,r. The heRt lJ~in area north of the "gustor starls
;ncre~sjng egsjn in ~ugust whilst 'he are" of Tar'lP heet. loss lies southwest of
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On an annual basis, t~" slrongest hMt lose area o~curs ov~. It.e Sout~

(quelorial Cu.r ..nt between ........ agasca. and Java and the I\gulllas Current BOuth of
~frira. ""'xi ..... heat gaIn ll"s around Q5"S and a ZOO" of weak heat gain t e seen
between tanzania and SUIll~na. Tn t~O' Bay of ~ooga' and ~rabhn Sea the BOuthern parts
show little hent lnaa ..hilst the nort~ern parts havO' large he"t gain.
Difrerencea bet ...en th.. annual heat !Io'encp are accolnted for by horizontal t>apt.
transport by the ornen currenta. This heat flux appeara ae " change in surracc
t""""rMure with" de'.ay of about 2 """,ths and effech the layers above the
thermocline, below which "e""ona' changes in temperature are negligibh.

~.lJ Geology

The Tndian lIcean is th" small PSt of the three g....at oceans alld
geologlra11y apeaklng the young..st. n haa axi"ted since Perl,ian timea Ilate
P"leozolc) _n Gondwanal,."d, the land ..aae forroed bY"frica, India, .o\ustrollll
and ~ntptctica, "as thought te have brok~n up as a reeult of contJnental drift (see
fig. ,r).

The bed of the 'ndien (lcean h~s five distinct
Margin. the Ocean Reein rlcor, the Microcontinenta.
r""cture lones.

features' the Contlnental
the Mid lJ<:epnic Rid..e and the

The CDnt;nsnt.al she'vea rMg~ in width from a few hlndred metres to
..on: than 2(r km, for ""ample off Bombay. ~mer""s "ubnatine canyons .,ark the
continencal .. lop" notably near the Ganges and 1ndua Rivera. large sedimenl
aCCUIluletione formin.. abyseal cOn"" are oleo BSsoc:Jated "ith these rivers. The
continental rhe averages n gradient of h~C at the bast! of the s'opes to l"rr at
the abyssel plein bnunderies and occae;onal &8a mounts. ses knolls end canyons
may be seen local'y.

Tt>e ~ava Tren ..h bordering S""",cra and Jaw' forme a boundary for the
'ndian rCMn bet"",~n ""rile end ""'strall". The OCMn basi" floor ;" noticeable ror
it's abylls~' plain". These fht sorfecc$ have gradients from 1,1(CC to J:7frC "ith
occasion. 1 peaks. not e~ceeding 1-2 .. , characterist.ically lying on the seeward
slds. The plnins are extenSively well-developed In the northern and southern part,,· of
the Indian Ocean but ara poorly developed off .o\ustralia.

Aoeismic microcontinents, running north-oouth. are e etrikir~ feature of the
Tndlon rcnon and t~nd to be higher and more ekin to oqare blocks with lower
loca' reI ief, than t~e mid_oceanic ridges. tlotoble ollong these, from weat 10 east
a .... , the Mo~ambiq".. Ridge, the Madngaacar Ri....ge. the Meacarene Plateau, the
rhagoa-Laccadive Plateau and the loIinetyeaat Ridge ~ the longest and atralgh'est
rirtge yet dlsccvered. In ad~ltlon to theae north_south running ~Icrccontlnenta the
""'rIO eael~west t ..en~;ng !!roken Ridge, Dl.9I1."tl.ne fract.u... lon.. eOO \(erguelen
Plptepu may be aeen.

The moun•."incus mio:l~oce..n1c ridge. 'ying in the center "i..ilar to an
lnvert..d Y, ill the most consp1cuoU5 fc~ture of the '''''ian Ocean contraating
"ith the slIooth co"tlnenta' riae cn~ flAt Abyssal plains. <;t~rting fr[)ll the
Lorlaberg !':io1ge in the ~rabian ';sa it is thought t.o seperate "/Il dlstlnct crustlOl
regions. Alon') Its Axia is found a acl_Icolly acUve rift volley which Is
cut by severa! frerture zen..a, of which, the moot pr".,i",,,,t ~re t~e o...en,
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figure 10, Sketch illuatrBting the thoory of continental drift

From: Times i\.~la3 .~~ -±" world (1980)

A Sinus Austra~is

5 Sinus Borealis
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The pelagic sedillHlflts of the 'nefie" o"ean floor Are ..ade up of re'd clay.
which covers 2S~ of the totel "rea (fig. \2). Calcareous OIlZ" covers ~% of
the ocren f'oor ami diatOil ooze 2@' of tm. HOle ocr:urtng in localized patches.
Red clay 1a seen between IcoN end ~D·S in the eBstern ocean, away from islands and
continents and right up to the <:ontin.. r>ta\ rise of w..st Australia, ""lng to the
semi_add ""ture of thiB r"9ion. T"""I'ds the t.ropicB the t.... clay merges "ith
todiolstien 002e. Where the depths Bre not excessive in areSB of ~rmth and high
productivity, be~ween 2(1"1'! and ~o·s, calceteu"s OOZe mainly Clobigerina
species h found with pteropod """,ineting In smodl patche& off North Weotern
Austral io. Diatom ooze J" seen R1a.lJlly In the BUb_polar region beyond 5CoS.

Terrigenous sedillents, ..sinly kBol1nHe in the tropia,,] Bren, Bre
found close to lBnd. In the nid-oceen V01CBnia BreeS, lave end moh Bcaumuletione with
oacesional fjne tuffs end pelBgla oores are found. The renl1nite mineral,
philippsite, ia aharacteristic neBr marginal valaanlc ronsa. Corsl IJmeetanee arC
eeen cccBBionel1Y. Near the drcUllpOlar belt.s, lIelting of ice nan end
iceberga provides fine and coarse tillite sedillents up to ~O(l kno ""cth of
AntArctic.. alth.,ugh depoe1ta have be"" s ..en as fBr BS ~OO(l kin mrth of the
cBotinent. In the ""Btern 'rndisf' ee..en, l~nN ttl 2rn5, coral reeh Bnd b1otheMilol
fades ere seen. These are not aBBocieted .. ;:th smOlergl!<! volcen'" cones but
wnll microcontinent type ",ld_CIC'B.. n;c ....bmBrlne plateaus. In the northern port of
t.he lodlan (lceen, trsnaport of sediments occurs by turbidity currents, volconlc
action end Bubllsr1ne s)umping.

~.D MARINE Cf1E;MISTRY

Oxygo:n content is uSURlly luge st the surfsce and incres"es "ith
decre"alng hmpereture ene' he""e the e",rfec.. leyer of the ~tHrcUc region is
rlcheet In o~ygen "Ith "elues ebcwe 7.~ 11'11/1. The north~rn Indian Dceen haa
1.,,, o~ygen valuea which cen reach e" Jittla as ( ~.OS mill.

Tt>ie o"ygen rich .... ter is curled north by the Subtropicsl Subsurface
Wner, the Tnter..sdj~te ~ntar~Uc Weter and the ~ntBrctic BettOll \leter. Tn the South
[que'oriel Current the o"ygen content of the 10C_~~O m Teyer ia ·Iess then 7.5 mIll
due to the at~blljty of the eurfece which prevent" oxygen e~change at the aea_air
Interf""e e" It hall no conhct with the etll'losphere. Th" North Tndian Deep \later ie
poor in Ol<yg,," and fOrMa an oxygen ~inl..YR leyer between the o~ygen rich bottom end
intermediate water me$a~s rlown to 4085.

1I10logice1 o..ygen r.onaumption ratee .,atim~ted In different oress of the
l"'Hen Dceen ""mt the center of the Nortto JndiBn Deep We~cr, fr"", 60[_12[0 m, to
have tne. higheDt cons...ptlon rate Dt l.~·2.r .lll. The blolOf;jical o~ygen

cons...,pt;on nteD of s'l squlltcriRl regions, lOC_3eO II deep, the ~terctic

Shelf, ('_~cr .. <reap, and the North 1ndien BettOll Water mare then 7rCC .. deep
were val",ed st '.~ milT, r.~7 101/1 efMl O.CiIIO'/l reepactiv.ely.

pH distrIbution detem.lnation
in teble 4. The Antarctic srerece .Weter
photoayntheeis in the "erly winter
inter.ediete wetera ~pend on the rete
dJoxIde_rich waten. Deep _ter pH

"ae carried out for SOIIIa reglon" SS aeen
ahows a low pH due to ces"etion of

(Meyl. pH vaT""e of the so.bDUrface and
of oxidetion and the supply of cBrbon

v.l....,., ere affected by the diseolution of
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Sharp incresses In phosphates f~ the surface to IOU m in the equatoriel
WItter sre due to the g....erel upwelling in the eren. The highest vduna found in the
North Indian neep Water are an effect of miXing wIth phytoplankton-rich interm!dIste
"aters ....,id_ origillste fr... the Red Sell Water.

~Ithough the AntarcU" zone 18 ti"h In siJjeste "onBlIIIing distoOla, the
ell lest .. v..lues for the orea are high due to mh<1ng ..ith deep ..ater ..hereas nort~

of the sobtropical convergence uniformly poor silicete vsl""" of 5-10 1Ill,I st/...
are due to stabh stretificOlUon prOlVenting mixIng with dee!> WIIter.

Tn the _Iltarette zone, nit.rHes sre found only In SUlMIIer in the 0_25 III
l.yer ..here Intense decDllpnsition of unstable organic ...Uer ,",curs. The lIuI..UIII

v.l.... in the up!>'"r tayer of the, aob_trop;cal conve....enee In the
Subantarctic zone .... found to be e-IO 1Ill,I at/.. -. No nitrite ia found north of this

~:~:;r~~":al~:Oft~_l~~::;:}:::t::ens~ ~:"p~n:~~~~:~ in the North Equatorisl

,
kltnt.. n... ima of 110-210 "'!If.. sre found in \he ~ntarctlc soo

SubanterctIe zones .. Ith ~n overall ..a.iIlUII value of 3!U IIIg/m' at l~es In ~~ North
Tndlan Daep Water. The CJrCUllpol"r Current h.a vs!uea of 2rOJ21C ""11m whIlst
the SUbtroplc.. ! ConvergPnce shows no evidence of nit"ate presence.

O.... anlc pholll'horous values averaging 0.2(1-C. ~r, nIg at./I were foLnd on the
aoutnern boundary Qf the South EqustQrle1 Current, the Equatorial Olv~rgence end the
boundary between the rountercurrant end the North Equatorial Current. Ma.lne In the
"erUcal profiles lIy Ilt IfOf .. probsbly ae e re8UIt of the a.linity ",In I.... of the
Antarctic 'ntarRledl.te Water. CoOOitiQ"" of so~ ..eters of the Tndlan OCean ~ay be
seen in tobl .. 4 end figa. P a and b.

5.C M~R1N£ BmLOCY

~.l Int ..oduction

Moat of the wor~ carried out on the biology of the IndIsn OCean hee been
done in conn"l't1on ..ith the resulh obtained fr... the Intern.tlonal Indian Oceon
E.peditlon ~.ieh began in l~>~. Ins ersa contei"" both tropic.l and tespersta
"arlne life, the ,..jQrHy of ""'ich ia concentrated around the coaetal regIons.
Ihe tropicsl Irxli.An Oce9n ia considered the· rIc","at In ahell"", tropical Rluine
faune. The lesat productive of the OCf!an .rees Is the south central Indian llcssn
""'lch is oligotrophtc aa co~ared to the reat of the oee.n orea which is fairly
eutrophic. The Indian ~an hn s I~r bIologies! productivity thlln the p..,i fic
or ~t!enti" Oceena d..... in pert, to its ·rel"U"ely ..... Iler continentel shelf area.
The ahel"ea off India, Sri Lank.. snd Pakletan ara prominent on the .....tern coast
..herMS the eastern coeata snd Eaat ~frics ho"" Mrro" ehehes fringed ..ith
..""groves end cora' re"fa. The region of romd.nurn biological use to ..an is found
in the continentA1 shelf erea. The is'and. hwe volcanic and coral type reefa.

TM Arabien Sep hss the pohnt191 of being .n e.c"9tionotly fertile aru,
..spe~;Il"'Y during ths south..est monsoon, due to upwe1ling Induce~ by .. ind
stress. 1n the Res I!<lfUl1 ar"II, upwelling result.a in ....tH ri"h In nutrlenh .. tth
~""'P"rsturea ..e1.1 be'o.. ?fftC but 'e",<lng in the ferti'ity appere"t in more stable
uP\'elling a,",,~a. Turbulence resulta in repleniahetnent of nutrienta an::I ....tera rich



TeblB 4 • Conditions of B~B WltBre Df ~he Indisn Deeen
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figure D SOlIe vertical diahibutil)n char"" terisi Ucs in the Indian 00••
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figure llb , O~yqen end phosphste distrlb"'·ut ron in the indian

.....;" 001

OiSlribo.rtian

"""'M
IrnW')

­.. ~P "'n,""""tnu,;, ,L m,n;m","
..0-

"",..", '"



_ 29 _

The effect of river di8Cher~e ie aleo i~rtant in the Bay of Beng.l for
eu.ple, there la e high inno" of lOud fr.. the Genges river. The dlecherge
frOB the turbid rivera ill picked up by t"e Northeset Han8llOn Current 8nd taken
along t"e EBllt Coast during til" 'furt""u"t tblslllln. The SOuth....t IkInaoon, "it"
lts heevy rut"". CU\l8eS lin increased nOlI of fresh _tel' fr.. the rivers lolth
an increueed ""!llnent load entering the _tel'. Increeeed sadhlent reduceu
11ght. penetratlon.nd trenep8rancy and resulte in • decreaue of plunkton 10" 1O.8eured
In dry _Jght per 10'. The "hs""ly utntlfJed.lo" salinity 8t th" surra~, due to
hl'ilh fr"sh IIBt"r f ..... the Gunge.s and Irra"addy riven, 18 the c"use for the
re18tlvely pllllr"r f"rtility seen In the Bay of Ben'ilal lOS compared to th" Arabian
S"e •

Gentle OO_lI.1ng In puts of the East Africen Coast srDUnd K""y. snd
Tanzenla prevente nutr.lent enricn.ent of surfece watere. The coeetul areus off
Tanzanla end Ken)'ll ere. therefore. lesa productive thsn the """"tal uresa "f the
reet of the Indian Ocean.

~"e ",lcr"bie1 dinributlon in the fnc'iRn Ilceen is ,,', F~ly linked to
thllt of the priOlary prnductivl+.y. The .,Icrobl"..ass Is greeter nee, the Equstor
a"ay fro" the efrleen Cont. It Is ul.., greuter in tho! northern perts of the
IIsy of Bang"l af>ll tho! Arsbisn !'M a"" off the Indi"n rOAot at Goa.

DetritUll h found .In lIlrge CJllantHlu nUr too coaat and is eapedany
abund""t ne.r the ri"er O'IOUths due to IU\.off. The .lnereeaed quantity of
or\l~nic lIatter ""count. for the high b""terld counta found in the northwestern
perts of the ~rabion Sea. These becte,la are BaJnly proteolytic type. with about 10~

bein'il of the lumlneacent ,,"rlety.

~. • Primary Productivity/Phytoplankton

AlthOUgh prh'ary pr<lductlvity I .....esurad ae • nte »r ...netlJy etorBge, ....t
atendlng crop ea ~~rgy pr.,~nt at eny g1v~n .i~~, t~F tllD Mey be COMP8r..d to
obt..in ~ g.neral vie" of pri~ary producti"n. Prillary production valueu can
Indicate the fHtJHty of ".rlous r~ions of thoe oc...n and the ".rlationa in
productl"'ty with eBaaon. 'n gener01 in the northern Indian aceen, the South..et
Monsoon period io ~ore productiv. thon thr. NOrth .....t Mon8ODn period. Tn the Northern

~~~:re'p::~uc~~:~'el:ffl~~~~~~~/d::..e:nd o~n ~al~tth~:ngHon:::n~~:"~~~
gCI.. lday. Further south, few "a1ues are noted. Heasurl!lllente of chlor""hyll
'e' concent~etlone of the etendlng crop eho" the northweat Areblon Sea to be fe,tile
I) ~.5 mglll 1 but the reat, ayaln. Is not 80 ferHle. Tablea 5 a .\ b
show prl118TY productivity ranges for v~rious types of watera. The tertiary
production 800.... s silOnsr pa~hrn to the primary "Hh 2-4 .Ution tonnes C IOn
.... ight psr ~o sqllBre during the Southwes~ tbneoon period "nd 1.2 .. Ulion tooou wet
weight per 50 squar.. during ~,:;e Northeost MonllODn period.

Tric~eBlOiUlO erythreeum Ie e blue-green elya ende,ie to the 1ndiun
and often causeD biD..... where nutrient_rich ....tete erll found. ,",",e Tndian
blue_green count& are rrcorded in tabie ~. !ipat\tt1 di"trlbutlon of
phytoplankton a<e seen in teble 7.



Table 5~ , Primary produdion 1n different waters of the [ndion llc

AVERAGE
PRODUCTION LIMITS "'"TYPE OF WATER in mgc/m2 in mqc/m2 Am"
per day per day 103~

OLIGOTROPHIC CENTRAL SUBTROPICAL 70 >0, H

TRANSITION AREAS BET'IIEEN SUBTROPICAL AND

SUBPOLAR REGIONS. PERIPHERAL REGION OF TH~ '" 100 - 150 2:
EQUATORIAL DIVERGENCE

EQUATORIAL DIVERGENCE
~OO 150 - asc ,

"SUBPOLAR REGION

COASTAL UPWELLING '"' 250 - 500 .

NERITIC 1000 '00 ,
From, Frimary produ~tion in the Indian O~ean

J. Krey (1973)
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ARABIAN UPWELLING

ARABIAN SEA

JAVAN UPWELLING

EAST TROPICAL OCEAN

EQUATORIAL REGION

EAST AFRICA' MOZAMBIQUE

BAY OF BENGAL

SOUTHwEST

1,16

0.76

0.55

0.70

0.40

0.83

not sampled

NORTHEAST

0.23

0.12

0.28

0.26

0.15

0.42

o..a

fro-I Production in the 'Indi... Ocean and the tranafer frOln the P'ri....ry
to the Secondary tevet , O. H. CUSHING (1973)

Tabl~ 6 I Dlue_green algal co..... ts

AREA

ANTARCTIC GYRE ,

WESTWIND DRIFT

ARABIAN COAST UPWELLING

SOUTHWEST INDIA "

ARAlIIAN SEA

EQUATOJUAL CURllENT

SOUTHERN TROPICAL GYRE

BAY OF BENGAL

NUMBERS

1000 - 100,000 cells per liter

more than 100,000

more than 100,000

app , 10,000

app. 10,000

less thilln 5,000

less than 5,000

fro.o. Prilll8ry Production in th~ Indian Ocean, J. KREY (1973)
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Table 7 , Phytoplankton predaninance in eight phytoplankton
geographical regions of the Indian Ocean

-1. c.-ool op...lli"!' .....
•. ,,"0,1>0," "",bi.,
" w",,,,,,, ""R.li.,
<. lD<!un«i.

1.. C, ....I M,b;""s<••nd
r..,'" 110."",.1

J. 5o...1iCU"""' "Ii'"
•. N~""""
" SW_i,,"

•. M""""b;q""C""... "lion

1, E'1".......1 C"',en, """'"

6. Sao""'" "",,",01';,,1 ..,,1><,-"
'0""''" ",b"<>pj,,,l "'''''''lI''''''''
.nd .....om""," oq,;..1fr<>O'

7, W"'·""d "'if, «IiO"

i ........,oft, Il!'« ... m "'.
lObo",,,.ti, "''''C'pIC<

Dioo/l.gdl.""
B1 V- <dg"

0 '

Di... fl....I_~
=Ii,hopli",,,

Dinof!Ojl,II""

D; ...~ I1 ....
"",dy Bt V-..

Oi",Uacdl."" ".,11,
m""~,=olp'

DOtoll.no""
Com>li"'''l'b,''''
Oi.",,,,•• BI... ·gtun .Ipo

Dinnfl.<lI...,.
Co«<>!i'oopOOu>
Oioo/l"'"I.....
C",,,,li,ho,*,,,",,

frOlll' I'rh.ary Production in the Indian Ocean, J. KR£Y (I973)

Table 8 COl,rlta of total abundance and percentage of chaetognath
ape<:lea fOl,rld In the Arabian Sea

Species Toul "bunc.anc:e i'ercentao;e

Eu.'<ro;,ni .. , negligeable

i<rohni t;~a 14,627 ,., •
P1HOS..;ic'ta 48,319 ,.,

0" , " u .
-',~,,; H~



·.~."---,-,,
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~.~ lnoplanldon

The "opepad populations fn·!low a trand nf jllCressed mnbers 1n the
northwestern regions. They are Bssoclstsd with productive waters. Amphlpods are
fourrl In largs nUlllb"r" In t southern "pntrlll nnd cpntral ~rabian Sea. Fair
nUlllbera are Seen In the e t ail<! .... !1t southern H'tlian Ocean in the pquat"rial zone.
The 5or!Iell RIId ~rablBn ceasts havp .. high densIty of ernph;pods snd the Ilay of
~engal has " high concentration in its north"rn part, I""reased numbers ar"
noti"Pd In upwelling regions, In areas of river drainsg" and at night due to
verti",,1 migration. Euphsusld concentrot.lons elso rOllow ~ sJ"tl"c p"'.~"r".

~'JOpl~nl<to" vo"""s afe \'I1!1hest in '.h~ ~r:>b"·n "0 wltl, vn.!lJ-~s "f ~4.. 7 ",1/•• ~

[lenaral idea of the dlff"""nt 811"1:I,,a of choetognpth" preaent is shown In table 8.

Detritus fePdera "re do~inent neareat the
predatore. ~t "depth of 1{lC '" seaton feeders

surf""e
bec.....e

follo..ed
dOllinsnt.

seston ...
14 apecJee of liydrOlOedUlllle hove bs"n recorded in the ~rBbian Sea of ..hich

~ ..ere also seen in the flay of flengsl where thsy tolerata I".. sallnlty. Half of
the specias present there ~re n"ritlc. 'nsh"re snd In upNP11ing "resa, their numbera
~re low, the greatt'15t nlWObers cllIIlng fr.... ~.hr b"undary zones and discontinuity
'syers snd where there I" a l"r<;le food supply. ~o.." d....p ..ster species sre ,,1.80
prellent. The donoinant species found ere ~gl"ura hetQhtOllll and ~Yriope

fetraphylU. These a.., "orm water, holoplsnktonk, or""nk, surface apecies.

~.5 8enthos

8enthir blOlllass genersl1y decrpssP8 with Increasing depth. The abundance
of benthic orQsniSMS is linked .. Ith the presence of f"od. ~ress rich in d~ritus

lind phytoplankton are favourable ~.o co1onl2ation by benthos ss these regions
"no. rich ;n nutrients. Ph~opl"nkt.pn ntJI'bern He At a mini ...... st the tropics ..ith
higher densItles t"..ards '.hs tWll poles. The benthl>s is thus richor In the
te..perste regions near the cosst. Some concentretlona of benthic or9sni,""s ere
listed in hble 9 snd their spetlsl dtBtrlbutlon Is shown in figurp 14.

The 1I1l,IOr pert. of the benthos consigh
Crust3<:'ee end Tsnaldscea are c"",",oo in shello..
great depths elong ..Ith echjn~erms. Mollusrs are not

of polychsetss
regions and sponyes
vrry celllllOfl.

at depths.
ore ""en at

~. fe .. c....sce~ have bren noted near the COllSts of Gujerst end ~Outhwe5t

Tndis. the species recorded lnclude SVII"" da"""atlds, Bodottllds app. and
Lerconide "pp. Specillena of eue&Cea have slaa been s.....n in the nearshore ..stern
off PaHstsn. 'nltl .. an::! [sat Hrleo. f:UII""es are usually rau In apen ...ters
and are present in ..at..n of I""" ""ygen content. Co!Ipulosph aP!'. hs".. been found
at ~reat depths off M>dagsscpt.

.,
'00

rivar

the for'"
"nrich

of thia

Rivers carry pollutanta and datrltus to the Bes. aDmetlnes in
nutrients. ~t the point wher.. these rivers no.. out nutrients
..sters and this often 1 ..ads to SOllIe eutrophication. The .. ffecte
djschsr~a ~nd run_off on the fau,," and flora la very local izrd.

~.6 R"IIr..""ntRttv.. Biotopes

The major ecoJogicsl
"ors1_free!lnter_reef srMS,

syat"",s pre ""nt
ma~rovp S"a~pa

In Ui.. 1ndlpn lJcean
end open OCean. The

sre the
SOIIa'i

cceet reef,
"".... 11 inn
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TB(,l~ 9 , Numbers of benthic orgoni""s fo .....d in so.,,, regions of the Inn

AREA

NORTH ARABIAN SEA

ARAB PENINSULA

WEST COAST OF INDIA

BAY OF BENGAL • AND~ANS

COASTAL TROPICS

GANGES MOUTH

OPEN OCEAN

WEST OPEN OCEAN

EASTERN OPEN OCEAN

NUMBERS

more than sao 91m2 averaging

IS 20 to J - 5 (up to Mozam

25 30 to 5

o 10

less than 10

42.8

less than 0.2

less than 0.1

less than 0.05

Richest' at ~S-75 m; poor at 80-150 m due to low oxygen a

From, Some Patters of the Distribution of Bottom Fauna
A. II. NEYMAN, M. N. SOKOLOVA, N. G. VINOGRAOOVll. ~

1n the India'
f. A. PMTBPl
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5.1i. I Core' Re~fs

lln.. of d .... ,.~in foci; of marine life in the tropics ia the coral reef
which ""tend to e depth of approxl""'tely 15 m. The "oral reef i8 mede lip of
colcareous skeletona, living ~nd dead. onto which cural polypo ere attached. Tn the
"hal'ow regions of the coral reefs '1_~ .. ,:eep', t.he substrst..... is ..ade up_ of sand.
cors! end cncrusting algae anr! ,,0100i7..d by enqiospI'rms and turtle graBS. The
Zl'or isothe..> io a rough indica \Jon of the lower limJt of corel line gr""th.
The rlUobers of coral genera present in "e,tain d~signated areas Is shown in
tab'~ 'r anrl the "orrespond;nq diversity contours are shown in fJg. IS. In
Mozambique. most of the corals sre found in the north fro.. Prei,.eiraa lalsnds
to the Rovllllls am are rich In neritic 0101 'usesn fauna. The"" ercsa support
c,",,,,,,,..ciol1y illlPortant flah ~nd crustacea. Ihe shelf region to a depth of 12(' m
hae mainly coral rubble in It but some f""no la pr~aent.

5.6.2 Mangrovea

The estuarine regions of ",ost rivera of the area luI"e ""tena"'e
mO"grov,," growths. MangfllVe veg"htlon e~tends along the coasta of Mozarilique,
T"n'aIlie. Kenyo ~nd th" 'SOuth"rn psrt of Sc..ella with so.... ''''''grove forests
found in the Northern Ha~agascer reast. Tn India, an area Just under 7('(.rrO hectares
ia covered with m""'grov"". RhLlophOl'a ..u~ronata. ~y1tennla officina!is.
Sonneratja adda and hCtlecdna aqal10chra are the dOJllna.nt ""aclell present. The
~angrovp sr"a l~ eoonomically important fer firewood. tanin medicinal producta. pulp
and p"pI'r, th'lber and aqu"culture. They <Ire also i ..potlsnt opa ..... lng. nuraety
on~ feeding gro.unds for cOll",p.rc\.,1Jy ;'lIlfIOl'tant fish end she'tflah apeciell.
Oyaters. ..engrove cr~b. mullet end peneld s~rimp are found here. The mangroves
have e d.laUoet eco1ogi"el choreder of their own. """ to heavy <I......<ls on lend
s lstg" number of ..angreve area.a are being deforeat"d. This sctlvlty cDOlbined
with ailtation ia seriously "ffeeting fhh"rirs and envlrOl'lllOenta' "onditloos
In so",,, of th.. "reas ef the r"glon.•

&. 0 F 'SHERI[~

6.1 lntrodurtion

The Tnd\~n ('ce~n contains botwee~ ,rrr and
du~ng or sea cow is an aquatiC m~~l peculipr to
thl'se animels nr"" On thp <l.pcl\np. "s an those of tho

4(rr species
trop'c".l WHers.
aee T.urt'n.

0'",
fish. lhe
nUlllbara of

lhe w"st"rn an~ eastern e~t.r"'Iti.p.a Are foitly distinct in speciea
c,,",poaition witoh t~e ~r<lbi ..n ""~ being slight'y more productive tllan t"e 8&y
of eengol .• Due TO J'peaa rich in "hlorophy.ll. I\1Jtriento. erg.... ie producti"n and
zoopJenkton, biome"s "hou'.~ BUlltaln large at{\('ka of fiat>. In the co .... triee of
the In~lcn Ocesn, fish formS An important aourre of food. Fisherl ..a contribute in 0
major ~y to the econony of thr majority of these rountri~s. Most fiahing methoda
are falr'y ai,.pl". and fish.lng by larg" vesaels using adv""oed teChnology ia
8<JOI".mat. restriet"d 1.0 the for"lgn pr"s~ncr in the Area. The main apecies of
fish fo""d ," tN! Tndian (!cAM Are 1ist..". ;·c, tables 12 end P. The distribution of
fish lSTven i~ the Indian r:",,~n la shown in fig. 1(.

CDIlpor;ng potpntial
191'. the lndl ..n ~an

Yie'd velue" e"ti",ated in J9T! with a"tual catchea
"rea still appears te be ",,""eHetled (see tablea 14 ~
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Table 10 I Di,.trihution of r_D' """.' ..~~~ ~u. , ge"HO 11l cue Indioll !lce""
(no,.. of genera)

COUNTRY SURFACE 18-91 m 91-146 m 146- m

l>IALDIVES " "
SEYCHELLES " rr
ALDIlliRA - GLORIOSO so as

EAST AFRICA "
,

MADAGASCAR (southwest) ..
MALDIVES " "
CHAGOS " ; .
MAURITIUS "

,
SRI LANKA (south) ;; ,
MERGIN ;; ,
MOZAMBIQUE (south) as

I
MINIK1l.I aa
SRI LANKA (north) •
INDIA (south) )

aa a

AlliRAN'rES n is ;

COCOS-KEELING as
ANDl\MANS " .i

RODRIGUEZ zi

MOZAMBIQUE (north) i s ;

MADAGASCAR (northwest) ra
COMORO ISLANDS i a
FLORES (south) )

TIMOR ( west) ) " a

SA'll!. DE NALHA i a " i ,
AQABA i.a ,
FARQUHAR - f'ROVIDENCE s , a
CARGADOS cARAJOS , s
LACCADIVES s I
REUNION s ,
NICOBARS ;

ISAVAQUIRAH '" i
,
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Table 10: lJiatribution of reef cord genera in th..
In<lion Ocean (nos. of gcncu)

COIi"PR' 'UIlf~C. ,,-OJ , Ol_,,, • '.. - •
""LOIV" " "
,HC"tLL" " "
>.LOAB'-' _ ""UR'OSO " """.,CA "

, ,
E>ST

"""",,,", Co," ,,~, ",".." "
"",-OIV", " "
""AGO> "

,
""""71"" "

,
,"' ~" ,.""Ch , "

,
",","" "

,
""""·'0"< "00""1 "
~t"I\'Al "
'" -" 'M<col ,i

"
,

INOIA (,"",h, ,!.m..",,,,, " "
,

cOCO'<""EUliC "-_. "
,

",,0.'00<' "••"_1<l<J" In"""l " ,
""""",...",,,. <00"".'.') "
COMO'"' 1''"'''0' "
rCO"'" (.oo<hl ,

" •r,"eR ,w•• 'l ,
SA'. Ot """'A " "

, ,
~.. "

,
••"'....u - 'ROv1D"" ...

, , ,
"'OO.OOS ""...,oS , •
....CC.O'vE.

,
",,""10. •.."".- ,
'"OM""M1' "'

,

fiqure \'; : Coral di:
lndhn ,0<

Rod ....... roo."'" and ~;

HR' d. Tabl. T.BYlDOol', o_local",_ d
ID68. Suffi,"; "umbo...h_.IocoI;t,-,

fem, Biology of C,



Table 11 , Some species or olgae rornd in Kenya

5',";,,",
SPeci" , , , , ,
Rhod"h,,,,,,.

xA"",~"i" no"" Z"ar<li.i
A'"",,1a ~.,,"'" L JIg. x
A"","i,""f''''iil.'.,J",,, i L) l • ...,,, """ x, A""",~"••"id" l,m"'.IroU< x,
""''''''r~", ""II""" M""",n, ,
II""",..., "'''''lI" 1\'"",).1. Av. ,, , .. I,.,..,·,,, """'i,',,,,,,",""q l, ii", ,
C"I,,,,,,IIi, m'"J" """"''Yl !;el,,,,;". x
Cn'",i" "",m,", (;000.,"",,, ... W.".lw.) (i,",'v, ,
C,,,,,Jt""., "", "k"."" ILJlI,) M"",,,.,,, x ,, ' .....mi.'" /w,,,,',,,,",,,,,,, 1'''',,,,," ,, C""m,,,,,, ,"",,"''' I"w,"" x, "",,,,I,,", ,.."''''Ii ",~'o" ,

• "',,""'., i'·',·",,-..,,,,, "",,,<t,) 11;..",.\ ,
"',,'""" 1''''' ,",' ',,-. Jlo,1 Ilar'.-,· x00"",,,,, """"" •lk"m"" x0","""",,,,,,,, 'm""j-IJ. Ag, x0.""."""""" i""",''"o""i {I,y",~ ) S'htni" x• n""" <,10",,,,,, S"",I" x• /;",I"""",.i, eJ";.,.,,, {Woll",) ,.."l",""" x• G.I".,,",,,, "M.,"". 11'11. '" Soil.\ I.""""ffl'" x
G<ll" H.'''' "",om Kjdlm'" x
G.h",""" ",!,,,·,,',"Io,. Kj,lhn,," ,
(;</i&<lI. "~'''',,' 11'0"',1 Feld''''"" '" H."",I x ,

• G,W""" ',""i"'''''' Fold..,"" '" II,m'" x• Gcll,J!.", cr. '",I,'~"'''',", n""""", x
Gr.,",,"', ""'i""" J, Ag, x x•G""Jhr<" f"""·,,,.N J. A~, x
GI'o<*'ia "Ii"""", IJ, JlI.) Il.~"", x , ,

, Gr~'Ji"" I,""" C'. A~ x
II. ·P'.'''''' ,,,/,,,,,. 'f I. II Sol.) J..h'""n x
11.1"","", ....,""" ""'0<"00 x
11>'1''''. <0/".,0 'L'mo"'.) J, Ao, ,
w,'P.... "'1"'1 nor, x ,
w,'p..........'..... (Tllm,) Mon,,,!", x
)'~"'. ",'·'''10'''", iWlllf,) La""""OIl' ,

• 1I)'p"",t:::,""" J. Aa· x
J.."". ,~., L.mOllfO\l. ,

, L<nIm!<Io "'''''''...., YomO<l, ,
L""',"'1d I"'pil"'fl (F.,..,,) G"",ill< x ,
L,,"'Ik<> /II'''''''"''"";";,t,, (M",. .I-. He',) Ii.",,:\, x x
L~~ "",",i'i... UO'l=" x

, L""""""""" "NIII<"", '~"ht) 1,",",,1 x
~.,.~. x

, l'o/'-,i I" ,,,,,,,Imlh', O';r",,," x
, Sp~ri.1n h"f""O/" (00'1') r."""r,,", x x

,Inri...Ii""'''''"''' IW"'f.) 11""r ,
h._1i<I '''''''''Y<' 1D«nI'ne) "h"''' ,

P......l,'.....()-"""'''' ,,,,.,i,,, IGmdiol C A,.
C,·.,,,~,·,,,, ,,,,,..,-,, 11'0",,) CAJ[)I,.,.,,,,,, or. ;",,"-li, K" ,,;"~

Di,·"",,, bu""-,""" La"",,"'O"' '<0'" \';,"
, 10"",.,1'"' """"""'"",,,,"'.' 1W,,,,,,n

H,-d-ra,h,", ""'",''',,,,,a'''''1 f!o~, __
P"di"" I,,,,·u",, Ti,i,'" ( '.~ f, ,,""""''-''",'' Be
P"dI"" #"'""".It''''' (1(.".1 '''"er>

• Su",,,,,,,m '"uiMi"", iT"",.' J A.
• Su,..,~.., or. "''''/'''i Son""So,''',''""' "",,,,.,,,,,, J. AI'.

s.,~"",,", Ili"'f"li... (Tur•. 1J. Ag,
s~.,,"'"'''' '"0,
S""Io,J"".""" u-'I''''''''' J, ""
~'pJi,,,,,,,,., '0,

S'''''''olf''''",,,,n "'.,,,,,.,",,, ,c. A~.I I( ,,",
' ..,hi"",., """"I.,.., "..~•.I ",,,,,in,
T"'bi","10 <k,.,,,,,, 1l<I'l'
T..-tI"",I. l,n.......>!' T.}'jo,

<........,~<eo<

C"""''''' fn.,"''''''' M""",,,,,C",h". ",,.,,,k,,,, (Fo"l,) J. AJ. em, 80'1'n.,,,",",,,,",,,, ".=,e. Aol Kn,,,,,!
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Table 12 Presence of different species of ~srins organl~s in various
ecosystems 1n the Indion Ocean

d
0, • • , • 0 , ,, • • & • , • •• < •5pecies • , " 0 • • • • •< dO • • • 0 • 0 • • 0

0

" "'_.~ • d 0 • 0 0 d •• 0
g • • • • • • 0 • • do d d • • K " •• • • • • • t:'] • • , • • 0 • 0 •o' • • ,d • • • • • •• • <• 0 • < 0 • ,

• 0 8~ 3 0 0 • ~ • • , •o' • • uo • • .,. N U • '0 ~
Siganiaae •
Mugilid"e •
Lethrinidae • • •
Lutjanidae • • • • •
Mullidae • • • •
Scarid-ae • •
t.abridae •
N....ipteridae • • •
lI""nthurida.. •
serranida.. • • •
Carangid-ae • • • • • • • • •
Clupeiaae • • •
Scombddae • • • • •
Sphyraernid-ac • • •
[,eiognathidae •
Rachycentridae •
Trichiurid..e •
Synodontidae • •
Spadda.. • •
Engraulidae •
H",ctophidae •
l,poqonidae •
Diodontida" •
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Tllbb 12 (l!Qnt'd) • Presence of different 8P11eie8 of ,urine urgent"'8
in various eco8ystems in the Indisn Ocesn

•
Species , a a • s • r e , rc ri ia " ~
Sepioidae •
Sepiidae •
Portuni.cl.ae •
Penaid.. " •
Ch<olonidae •
Ostraidae •
Paniluridae • • •
~w_ •
b,. •
Sharks • • •
C&tac.... • •

.

""',
,

"-'" Iloat chllnnel

a Reefs

a Shelf

• Coastal P,,1<>.gic

s Small Schooling

s Large Schooling, Coral ~"' 0 11} ,.

e Coral Reef an 100 ..

s Coral ~., IOCre "than 100 ..

ro Hangro1res

n £pipelagic

rz Mesopelagic / Ilathypelagic

" Deep Ocean

" Other
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T8bie 13 fish specieR ~reRent end .ppro~t.ete dietribulion

Estuaries, Panaids

~an9roveg, Penaids, mullets, crabs, Oysters

Reefs, Lethrinids, scolopsis, gcarias, lutjanids, caesio. carangidR, panul1rus

~al-froe neefs, nays, sharks, breams, panaids

4D meters, Scavengers, snappers, Rharks, rays

Coral rubble' rocky bottom, Lutjanids, serranids, sharks, denticid£, carangids,
caesio, spiny lobsters

S""",tll Sea Ploon Mullidae, nemipterus, Rauddae, spadlls, lutj""ids, serranids,
lethdnids, sand lobster, portunid crab

more than 100 m, Pristipomoldes, car""gids, panulirus, Rcuridae, polysteganus,
sparids, epiniephellds, sharts

Deep OCean waters, Tuna. bHHiah, squids. cuttlefish, sharts, sUpjad<,
dolphin fish, "oxis. euthYMus, scolllb<troo>oI:us, "cantl>oc:yblua.
clupeoid. caranqids, baraccudas

Mesopela9io/1lathypela9ic, Lante:rn fish, qon<>steaidae

Others, include red oO<'anio ....:t-i"9 crab, ...."tia shrilop, po:rcupine fish,
dolphinH, marine turtles

East-West Distribution of Major Species

Pelagic, Oil sardine " lesRer sardine +, other clupeoids +, Bombay duck'
half beats, gar tishes, o..rang-ids, flying fhll. ribbon fish +,
mackeral -, seer, tunny. Indian pellona. leioquathida..

Demersal, Elasmcbranchs +. eels, oatfish +, tuna. perches, lizard fiSh,
anchovy. red "",Hoot, polynemidR, Rciaenids +, silver beLlies +,
lacta:r1us, pomf....ts. soles, J?:<awns -, sheLlfiRh, C@phalOpod.5,
crustacea, Pcmada5yidae

- Dominant on the West Coasts

+ Do/Il1.nant on the East c""ns



figU~D 16 Oi9hibution of tolD! fieh hrvDD in the IndlDn tlcoan
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Tnb]@ l~ Potent1.1 yield in thousnnd9 of toon

DEMERSAL'

'00' CRUSTACEA PELAGIC_ TOTAL

EAST AFRICAN COAST no s m

EAST AFRICAN OFFSHORE 3000 - 3000

SOMALIA - - -

WEST PAKISTAN '" so aso
-_... ~- - --- --- -

I
INDIA, WEST COAST sao , 1020 I 16aO

------~

MALDIVES, LACCADlVES. CHAGOS , za ac
-

INDIA, EAST COAST 143 i '" I ais

EAST PAKISTAN sa zso 348
-

sar LA.", aa so '" -
,

AAOANAN • NICOBAR ISLANDS • a , l~

----- , - -

,, .u



hble 1$ Tntal catches of fish 1975 _ 1979 Un tonnes) freah .... tel' snd mat

Country 1975 1976 1977 19~

Bangladesh R23,000 826,000 835,000 '"
'"~ 485,140 501,560 518,700 '"
COJI\Oros Islands 3,950 3,500 4,000 •
India 2,265,875 2,173,926 2,3U,869 2,30E

Kenya 27,341 41,021 42,779 .-
Madagascar 55,BOO 54,950 56,040 "
Maldives 27,900 32,300 26,400 as

Mauritius 7,03B 6,660 7,668 ,
Mozambique 17,490 19,900 18,950 "
Pakistan 195,039 206,659 269,958 asa

Seychelles 3 ,950 4,010 4,600 s

Somalia 32,600 32,600 32,600 aa

Sri Lanka 124,681 135,853 138,747 iss

Tanzania 195,581 239,194 288,084 ,,,

From, FAD Yearbook of Fisheries (1980)
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6.2 ""18gio and Derw:resl nllh

The ",..BC...,! fish cetehe" .re rIch In northweatel'f1 potrta of the &oJ af
8tlnga1 but pelagic nBherl .... are nl!!lllgible in COIIPIrillDn Wlttl thole Of the Areblan
Sea. 1" the Bay of Bengal, the .ajor .port of the catch caken by 8ur.. ia 8.inly
tl>rnugh the ""8 of prllllUve "nrt with ailloph neta. HechMl ....Hon of the te.=ml'lll0a
using puree seines and aide trewls•• la, h~evl!., becanlng .ore provalent. In ~e

latter Renner, Barkeral ••e caught off S.i lanka, the Heldivea and BBngladeah, of
Mhich the lust heo tile 80at priMitive flehing ~thod8. Jndia and the Heldlv.a are
nett exporters of fish whereae Sri Lanka atl11 iMPOrts lOme of her needa.

On the Eoet African C008t, the trawleblc ground 10 fairly unproduetivl!.
The potential yield Ie probably 10,000_20,000 tone. The ~ eoaMon flah appearing in
the trawls en, Ca• ..,gl" (scllda, hor"" lIackerels), Lethrlnidae {a""",n••• ,
scavengersl, LutJ ..1d"" ( apper.) end ~.."ronl"ee (groupere, buen).
Scoltlroidae. too, la fDtrly c.,.,.",. E1e.-abunche (sharka. nyU) ~Pflee lin

important part of the catch. Coral_free ereee auch e5 the North Madagascar and
North ~nya Banoa, the lanzlbar and ~afie ~annels. tha Scmali Ccaat end the Culf
of Aden ara important aa tra~'.ble grounds.

Large tuna auch aa yellcwfin, blgeye, albacore .nd toethern bluef1n are
tm moat haavlly ..~ploltfll! paleg!" flet> ~Hh H'[',[[[_l:'r.~r(; telnnea being
captured, .hereBa akipJeek la lightly exploltrd ~oatly around the MaldiveB Bnd
Sri Lanka. Billfiah ate""" ne overflBhfll! by longline hctw1iqueB. Explcitation of
other apeci". h~. not bean aaaeaeed.

ffOR MogadlBcio to the Indo_Paki.tan border. puree eeinlng for ..,hoole
cf herring speciea and scad ie ~on. Off ,.kistan. In t·.... l~-~C ~ depth leyerB,
e""hovl.a are found in ab\X1dalce e"""dBUy fr... the !"ind coaet of "klaten to the
ftue Hsfun_lIBa Aal r COBst of 'iooIalle. Cat flm (ArUdae), _ppers,
groupera. hairtail ITrichlurldae}, croakere (~18enldBe) and grunt (Pomodaeyidael
ere an looporunt part of the deller",,1 rtah c-...ity. 'n Kenya end Tenzanh. flllhing
.la sUIl lIe.lnly eoncentrated inl_. The coeetal ereaa "re poorly flahed
probably due, In pRrt, to ttt/> poor fl ..... ing tecmoJogy e.ietlng at preaenL

Preli~lnary calculations ahow eppro~l~ateiy 21111lion tonnes of ~e80pelao.lc

fish ~o be present with ~i~ concentretions of lU_~r g/.2 just off the shelf
from 15C·~rr m dPep. The catch ratee are highest in the northern ftrabian Sea
with "I'dophldee end rcnostomid"" belnq the O\8in sp~des found. Orf Peklst&n
one fjnda ~alnly eent.holl8ma pterot.. followed by B. f.!bulet... , Olephue
perspi"illatua and 0; .ateeel. The spec.lea coaposition la more diver.e further
acuth (aee fig 17 and tablea 1~ a ~ b). In the eaete", lndlen Oc:e<m.
GonostOllldae (Cyclot"".... alba and Conoet""", eI cnget\.!!!1 'and Myctophidee (llenthoaelle
suborbital" and Dingenichthya st'.tlone) are etil1 dcoinent. The ~ebjen See
Bee..e to hold the largsst sto"k of aPBOps'agic fim of the world but estimates
vary frOll 60 .l'lion to 15V lIilllon tonnes whether dup to netural
fluetuatlnns In the Btock size or eu~p~jng yerlstion.

flah la.vei counts ere 251m 2 for [sot ~frle., 27/.2 in the open cceen and
9/~2 on the Indian We$t Co..st ""Ich were aemp'ed UTI1flg .hell.... net•• froll r....pa
Guarrlafuii to Honbesa, a large verlety of acerer fith )arvee ere seen (l~S speeiem),
enrl these ere poeslbly corel fi8h ..s there ie e narrow she'f hare. ~eee fish
....re lIelnly man·of........ fieh, 0"rd1nel fhh "nd lentern fi ..... (1P lervae!Jn). Tho:
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figure 17, Subdivisions of mesopelag1c fish
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froml A Review or the World Resourcell of Hellopebgic fim, J. GJ(lSA[T[R ol< K. K~
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T"bl" 16 : Meaopehglc fbh etocke

Western Indian ~m

(m2 x lOll) a
'reo Size BiOlllaSs ('lim ) Stock (.....tric tonne,;)

, n so re'

, s ro rs

a as 0.> ao

• U s a

s re' 0.> so

Total 305.5 '"
Eastern Indian OCean (UII'I'-lO tt)

r "
.., as

.. rs a.e as

m raa u aa

N ss U H

Total '" ..
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Table 17 I Specie. l:011ected in the larval eeeee 1n different
coutd reqlone of the Indien Oceen

.....-

_ ..... toaIt of Jodi.

E... '"'""' ol" Jodi>.
(<>If Moo:!"" ,,, Orisool

s..."h of .~",,"....,... and
"",uml Nl.:<>b>t I,I",.J"

M ...~-.....

I'.~ =Ia<>"
""'-...........
1'......." op.

P.~ ncta<"'"
M ...,......, do."""i
1'<_"''1'-
M.,.,..,...."pi> ~............._

1oI_1tMOpi> """-
l'r...."'pi> ,«1<1<0<"
M"",,._a, ~Ii'"

I'<_,.J. 1'«11«"'"

r.~ """,..
PdnI,. 'fl."'_ -
M.._".."".;. u""""""_
p.,..... i...&'"
1,..;hy_", cton'il'Wflts

"'''''''''';< "",",...
-..,.....a' If'.
M<tu".""""pi••mt.:""'.......
M ,._", ."".
1' 1.,[1<••p",,,,., pm 'fl.

1'....... ,pp.
M'-"'_-a. sp.

"''''''''I'm """",.."
1''''''1'''.''''' >p.

P'AIO«>"';, ,m""","
.'f«.p<,""op.i, '~p.

I'.....a. 'I'.
1>1«,,1"_.' 'P.
1'U1dfH_oPm >p_

Troch7P''''''' 'I"

FrOlll: Abundance and Distribution of Pen"eid !.arvae as an
Index of Penaeid prawn Resources of the Indian Ocean
V. T. pAULINOSE & M. J. GEORGE (1976)
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Tn Tndi~, "ith B eoutU.... of 5£50 kill, the .lIjor fi8h1nQ IIround It_
off KeralB followed b~ MahBrBshtrB Bnd Tsell .Madu. MsJor potenti.l Btlli ~i.tB for
ellte~a of eBHillh along the nOJ'th_t cout; deBP BBB lob.ten rra. the
aouth..eat eoaat nnd upper continentBi alope off Ouilendl ·squid off the 8OUt~.t

and aoutheBat coasta along GujarBt Bnd HaI1aushtre. Lentorn fish (Myctophidae). a
me80paliglc lIPeeiea providing vitlllll.ln ~ end about ltD Ut..... of oH per tan, ue
fomrl Off the 800Ibsy ahelf .nIl ~nglns Piak8. Grenadier. (lutJanid... ) end ..curidtl .re
foood off the .....t coslt; _l_lng creb off tha northe..t .nd uat ee••t and pr.....
off Kaklnada.

India tlsB e>cI:en8Jve 8I011uscan resourcea ""'Ich Ore negleet..t in _.
regiona and ~ere~ploited In other•• The .are I.portant epeei.a Bra sua.ala.
oyeterB, e1811111. pearl o~atera. squida, cuttlefiah and aacred chank
(gs.tropod). JnIlian susset. att.in .aKusl maturity very eBrly and qro" rapidly to
lIIarketabte sh.. anti tIl.y Should, th..rflfore. be profltsbte. HDwever. the", is
littJa demand in 11Id.~. for edIble biv81ve.. .tthough peorl culturing i. vlsbte.
C..""..lopada. too, IOn aUll oodarn.had.

BottOll tra"ling provides an sver8qll of 7CC kl;I per hour of whIch 74l! eee
ehamdlronchll. 17~ congetll. '11= eetfiah. 16' croakerB.1Id ~ poIIIfrot (StrOMBtetdee).
Pel"'lic trawling is ..st profitobh off Ow-ark8 follo"lld b~ Vennel end Cae.
!lere, t'~11 kg per ·hour he. been recorded (1Sl'" hor••""karal. IS' ribbon rlah
(lrachipterldael, )'l elBlIIIlDbr.nehe ~l: ""tn..... f% poIIIfret and n- eeh). In each
csse the re.alning percentsge is ••de up of dIverse other apeci....

6.5 PakhtBn

large reBOI.IreeS of IInchov~ Slid ""lteb.tt (C1upeJdse) are found on the
"e"t CDRIIt. Tt~y ere f .....d bet"llen 15_!~ .. fr.. o"tober to May. f"rOll the dsh of
cruhu i.n 1969. the potenthl yield of pehtglc fiaheries to S depth of 15(' ...
""'e eSU.oted s~ ~-.o\ ti_. the pre......t eotch. T... 197P. the lItendl"'} .toel< for
de8leraU In"hore fiahul" 1I!.5CC tonnu and up to 125 .. off.....ee , ~.2('C

ton.. for both, the a 1 t.iMble yhtd ia lOIti.sted to b .. 111,000 ton••
lhe !nBt1ote "llt,,~s were foln:! ee .,,, p'''l.,e<! but the offshore "ot"r" ....re root.

6.6 Sri lanka

Sri Lon"e hu. coa.t.l1ne of 1,77( ktI ..ith a "idll continent"l """U. The
~~P"Cted yield 1a 26f.0ff' tons. There are 1('('0 fishing villagBa ..Uh
approd.stety ,,'.cen fi""ing households. During tha. southwe.t 8OIlIIOOn. f1ehing
talce" pIKa on the north Ind ea"t cont and during ths north.."t .........n. on the
'Knlth 100 weet couh. The fltIh"..an .19mtl to obtBJn .nll1lA fiahlng Use. '0.4(1 ....
offohor .. , roughty 6l'(l0 tonne" tuna and skipjack are caught by gill-netting fI'DII deep
B88 v.....h. Coastal fi .....rie. forll 9CS of the totai. "ith e-rchl fishing
UsIng IIsin1y beset> ..lnes snd drift neh. Pun.. seinss are e<q>llld "ith llt1"t
sttraetion techniqUea to increAse cetcha' of ..stl pelagic fiBh. On the "eat eo,,,t.
nrdine. "'-.,·ring. r ..dbsit and Bnchovy Ite caught, but o...ly aaedi... Bnd harring
are CIIught on the eallt cout. The 1118in period of fi"hing 1" frOll NovlllJlber to ~prll In
the ""at lind frOll 1111~ to October in the ent. !ttrlBP. creb sr<! lobBter Uti



- n-

6.7 The rDlloro '''lenda

The four f.o..oro reteree have IIslnly rocky eoaatlinea w1th a acattering of
aand baaehell. The I~~ fi"hing villegas provide an annual catch of 3Crr tonnaa of
whIch ,,",re than SO~.1a t""". The Say,. da Halho '" one of the biggest fishing
arM,.. Thill ja .."inly a lIuhllhta""e fillhery "sing stationary linea or aifllple
troll linea "loar to ahore, ~II the IIain transport i8 by engine'eBB conoes. 5aJe of
tllP. C>'ltoh 1~ '.ocal but good ca.tches ere often loat due to lac~ of a f!Iar~et.

6.r Kenya

Kenya t>as jUllt ov"r ~rn Ie., of coodllne witt> r"lng;ng coral frOIl 16-4C m
rie"ll. n",tp are appr""i .."toly 600(1 ft,.hermen end 10% of t~o boat.a ar~ ..ech"niz~d.
Fiahing is ",ainly wlth;n the 12 .. He zor>e ulling- beach aeinell, gill neU lind
botton "nea. The ..oat productive zonea are from ZS-1PC .. offahore snd on the Nerth
K..nya Ban~. 'n one IIOnih'e trawling an sveu'ge or 7ecr kg ahrh.p III"<! 14 kg fish
may be obtained. Restricttons are enforced on the e~port or mllrine sheIla a~

corals. r erci .. 1 e~ploitat.lon of .. srine turtlea lind sea co0/8 haa all'o be""
bannad. Swi ing crabto are cOlllllOn off the Kenyan eo....t although they are not
e~ploH~d. The In species of crueheea found off the Kenyon cosot is ahaWfl in
tllbl.e l7. The ew1at1ng fl"h "toe~ to o.n:Ie~util12ed and K8I1l'l1 imporh _ of its
n....do.

6.9 Madsgsaeor

the ",,,jor part of the fish eatrt> In Madogs..car C<Iiftl'S frOll the Inland
flBherlea. Locel marine fl~rje8 a~r to be eono~trated on the weat coast
cstehing ... in1y 8hrlMP, whereaa orfehore foreign vessels are dOlllnsnt. PrsMO
larvae are 'ocated nearshore ~nd open wetero aupport rew varietlea. The biggest
sm,i ..p fiaher.I"., ho""ver, occur in ~dagall(:.r end ~z"lIIbIQue aoo ore fully
e~ploitcd there.

6.1[ MaurHlus

","uritlus h". II fringing ellral I'.... r which .Iopeo to .1Str .. deep. the""
are over ~r()[ floher"''''' using .elnly bes'<et traps, linea, drag .... lne" and gill
nde. The legoon at"","", ~re eon"t""t.1y rep1enhhed but the d....er"al rhh sre
e...."";sted with corsllin" and spong.. SreBa and hence trawling is not poaalble sa the
hydrog"Ography le poor for rt"hing, and growtl> and recruitment of stoeh ia alow.
Coral r""fa sre h"""l1y fiahed orr HlluriUua ""ere crust""es are cbo.x>dant with
spiny lohst"l'a end cr~ being the prilllary cat.ch. T~r" i" sOllIe oyeter harvesting
on the weat coast in the Vicinity ef the lIIongrov.. "WOfllp" and a 8Mall tuna fiahery.

MozaJllbiqIJ.. hila 4[20 kfIl of cosat! Ine "Hh a northern rocky eon1 J lne
zon.. , c,,"tral 108fllY shore wht> lIIangrove" and a aoutl>erly BOndy zone with
con80lideted dl6lee. PO" of the '1r,CC(l ",,1 ahelf is in the central nr..~.
Sub"iotence fI"hing exists along the entire coaetUne. There are l"""rhnt pelegic
flsherleo 150r..1" ","y\ and """no" ""tel' sheilif' fiSheries (MBputo fltoy) elong
the cooet .with clupeoid" being round in 1llrgs quantities In the sstuor!ell. The spiny
lobster is COIIOOn at lcr-4OC III draths fr.. the soothern horder tn t.hf! IIuA"ul".n
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The SeycheU"" ere lIede up of 92 h18ndll wHh net BreGs between thllt
perllJt tr_l1ng. The north, weet and But oollee "BYe coral md the north....,at edge
h08 see knoll". Handline, trep end beach eeine ere used "etching mainly jacks
(CarRnllidH) but with fluctuations d.... to adverBs weether cD<!ditions end
1I1gr.ti~. Various catching lIethods are ....ed to cet"h different species.

&.13 Tanzania

T"nzani" has ~cr ka of cOBetlln" with 6-6D ka of shelf. RC_9~ of
the fhhing 19 erHnnel UIIing outrigger " ..noes, hooke, lines end ""te. f'embe and
Zanzibar , .. undo Bod the "h811.... channels betw"en the hUer end Mon. I"lend
conteln lIIlIM' of the 1I0re ill""rhnt tish atocks IIr "srdi.,,, end other fUter
re"ding clupeolds of the [at .African ceeee , 75~ of the fish "Btl,h Is sull
pehg!.c fieh Rnd 25' _erBRl. the catch being lIad.. up of 8erdlne1l8,
.herks, fey., ..811 pr8~.. IObster_, tune, billflsh, kingfish, groupers,
bsrrsrudas and snappars. About 70~ individual fiShermen exist using purae 88in8s,
gill nets, tnpa snd hand linen. Storks ere atin ..,derfiahed.

6.16 Sandia

The SoIIaH c08lltline has good fish reOlOurceS north of lsoN but the rnt
t. fll1rly unproductive. There sra· c_r"i.~l\y viable grounda for tune fial>erl.....
Markersl ia an IMPOrtant s~cie8 along the adge of the continental shelf 5·1V"N.
The northeest roast hss a fairly high abundance of Bftal~ pelagic fish' Indian oil
.minella, round herring "nd ""ad. $cJale export of driec! end/or salted fi.h to
neiQhbouring countrlea Is underway.
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P~RT rr

POLLUTWN

1.0 TNTIlf!l'iICTT!JN

GE~~MP. the ':>oJnt GNl~ of ["perta on the Sd.mtific ~spect.. of MarIne
Pollution, has defined ..urine pollution as "the introduction by .."", directly
Or indirectly, of subst~nces or energy into the m~r;ne env;ronftent (including
patu~rles) resulting 1n sueh del~terlous effects es hRrM :0 li~ln9 resourcee,
h",erde to hIaAn he.l~h, hindrAnce ~o merine ur.tlviUeu includlng fisMng,
h"p"ir .....,~ of quIllit~ ror use of !lea ..~t~r ..nd reduction of n.. eniUM."

The Tnd' ..n ~e~n r~glon, esppctelly in the BP~ of Bengel erea, ia one
of th~ moat deneel~ populoted in the world (see tBble lP). WI~h progresalve urban ond
lndustrlel growth, poTlut.lon tn the countrlea bordering tho Tndl~n DeSQn BRnln la
b""o.. lng r ..sjor 8!Iurc~ of Af1l<lety but Is onTy ..lost being dOl'lJIIenteo:l aa e.perlenc~,

funda end t~cmology "ith, which t.o t""k1e the probl"", b""......ore prevnl~nt. The
pri.....y aourc~a of poHuHon are indUBhi"l and • ...,iclpal effluent~, ,,\1
spills or lenksqea, river r .......off 1ncludlnq agrlcult.ural ""lsue, end th~

adver.~ effecta of coast.1 .devel~t, for e...pTe frllM blasting .nd dredging,

UntJl recent 0\1. pollut.Jon sesru end the Incr~9a~d publ1ctty givllO to
pollution effectIng cDmatml mre..s, fessmreh in the countrl~a tn thle region,
especlmlly the 1slanda, ha, t~ndRd to coneent"8t~ on dev~loPllant and eoploitstiQn
of fiahefiea ,.saouress. this occurS fOf two ~&In reason•• flfstly, the countrlea mrs
dependent 01' f1eh a•• sourcs of food ea well q inCOlle frDe e.port" hen""
i.proved flehing tecmolOQY i. potentisl1y ifl1portent to tl>e nmU"""J &co",,",y In
• ..,~ CSBeS, ~ondly, theme nat!one err developing countrin and
lnd....tth'hatJQn 1. not fSf odvaneed. MIony of the .,,,,,,,t.rlea er" prlllmrily
agrJcultural mnd with I""f~nlng populetlona and umun.1zation, the
prDb'~"", "f pollution frOlO """""etlc and ~unlci""l ....te. mnd (r"", agdculture are the
f1ut to ceue. co""sfn. Althouglo IndUllhh.l technolO!;l~ and the nunber of
fBCtor;~a being 'built ~e been growing very rapld'y, the Adverse "ffect. of thia
davelopllent sfe only J.... t being .tudied, ~oo research is now being carried out on
factory effluents. Tn addition, 011 cont..inetlon etudles receive priority due to
the hefrVY tanker trafflc !lOtng t.hrough the Indlmn [lce8ll to rhe (n [asL
seee (letft.\le on growth moo deve' ....ent. induatrieliretiQn, .•"jOf reBOurcn and

J ....jce proo...,~ arl' seen in t ..bles 19-29.

7.1 [aet ~frlca

Lit'.l" t"r"fOlatio" is avpi1ab\~ concerning polluUon of the [ast Afr.lean
COMt. The ",ain threst is fro~ oil cont""'inmUon but otherwi.... pollution does not
appear to cause lIuch concern. roastsl ""d eOf~1 reef d811age la one of the major
proble..s in [mst Africm. The feef is ch.se to the shore and vulllereb1e to
pollutloll mnrl silting. DorsI hse b~ell dynenited And used to con.truct br~mkOl$tefs,

and bUfnt for the production of IUle to be uaed in building construct.ion.
Thin destruction of the corm! reef syst"., haa caused severml ....rine epeci.s to
dlnppeer including starflnh and an-urchine. ftrtla_l nalleriea are
concentrated on well_developed fringing corel reefs mnd theif lagoons. The re~f arer
Ie prod""U~e and local fl.ehlng Is Int""",i~e. The uas or dynaeite and poisons r"f
fim~lng is no .. banned Kenya and T..llzsnia but hms alraady deatroyed fiah coval' and
.. ~,,.,~,, ....u ..~~ " ....~,... 'h 'hg ~P81 p.,8Fg ..... _h gpo p'_ ,_ "" ~"__ ._ • ._
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Table 18 I Pu"uhUon FlQur"'8 For tt.. cguntriea of the Ind18n (lelll•.,

basin (un)

Country Population Area (km
1

)

Bangladesh 86,062,000 142,176

".m 34,434,000 618,031

Com<>= Islands 329,000 2,274

India 678,255,000 3,287,593

~'"
15,780,000 582,644

Ka4a'Ja.e.r 8,511,000 597,042

Maldive. 14.5,000 ase

Kallritiua 916,000 1.865

Ko_ique 10,199,000 769,1161

Palr.i.tan 79,838,000 803.941

Stty<:haUes 64 .000 ..,

SOIDalia 3,542,000 637.539

Sri Lanka 14,608,000 65,610

'I'anrania 17,382,000 939,762
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Table 19 GrDlrlh Dr consu:nptiDn and inwesb.""t

AvrRAGE ANNUAL GROWTH RATf AS A PE:RCENT

CllUNTRY PU~LIC CO~UHfTION PRIVATE CONSUMPTION ~!lSS DOHfSTlC INVESTMENT

1960_70 1970_76 1960-70 1970-711 1960_70 1970-18 I

BANGLAOCSII - - ,.. ,., 11.1 -1.4

'"'"' - - ,., '.7 ,., ,.,

INDIA _1. 7 ,., ,., ,., ,.,
'"'

KENYA 10.0 '.7 ,., ,., 7.' ,.,

MADAGASCAR - -1.11 - _2.2 - _2.5

tHllAMB IIlUE s.e ..., ,., --7.7 ,., _9.6

PAKISTAN 7; } 7_, 7.' a.e ,., ..,
SOMALIA '.7 I}. 7 -0.' ,_7 .., a. ,

5R I LANKA - - r.s ,., ,-, ,.,
TANZANIA - - ,., ,., ,.. LO

FrOlll. World De\lelDraent Report, 1980
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Table 20 Growth of production aa an avenge snnuB.! growth rate

(PERCENT)

~TRY "'" Am ICLL TURf INDUSTRY I4ANLFACTllRING SERVICES

1960_70 1970_78 60_70 711-78 60_70 70_78 oo_ro 7D-78 60-70 70_76

eAnAOCSH ,., 2.' 2.' 1., ,.. ,.. ,., 5.' '-, ,.,

"'"' 2.' e.o '.1 J., 2.' .., J.' '.2 1.5 '.2

INDIA r.e ,., l.O 2.' 5.5 .., ,.. ,., 5.2 a.s

[NYA s.e ,., - ,., - 10 .• - 11.7 - s. n

AlIAGASCAR 2.' -0. , - -0. , - - - -0 .• - -1.4

OZAHBlQU[ ,., -'.2 2.' 1.8 '.5 -5.1 ,.. -s.r .., _'.7

AKISTAN ,., ,., ,.. 1.9 10.0 ,., .., ,., ,., '.2

(ttAUA 1.' J., _1.5 2.' J.J 2.' I •• ' - 2.' s. ,

RI LANKA .., J.' J.' 2.J ,., ,., .., '.2 ,., '.J

ANZANIA ••n 5.' - .., - 2.J - •.s - ,.,
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T.ble 21 : lndu8t~t.li~.tton

DISTRIBUTION OF VALUE ADDED (percent) ~•, ,
" '..

COUIfTRY " ••• ,.• . .~• , 'M ~ ... ' ..• • '" .• • • '. "' .... 0 ~ "'~o., • , •• 0 0 0

t' t: ';; • ~ " '"t- o p. <ll;; •..
~ • .c. 0 0

'"
.. • •• • • 0 ~ rl ." ••
rl '. .;; .. ! • • •• "1 00 -< rl

., .. "
'" 'M '" "0 .co ... ",

~~
"0 '" " • •... .. n iJ,l;; ~Hi 01 fil ...

~ .:t:;!; .", ., rl
• 'rl "" ......... . - 00-

BAHGrJlDl':3H - - - - - ''" ,>0 .n rs

~ 40 >0 - - 40 eas en - -

IIIDIfl " " n ra n "'" 8973 " se

~. ie n " e " H' '" - "
MAD.4.0ASCAR " - - - , n, m 40 .-
MO&AM!lIQUE 60 n - ,

" ,,>4 ee ae -

PAf:ISTAlI 46 as - 9 m "" 1157 - -

SOMALIA - - - - - .n H , ie
,,

SRI LA!lKA H " - 9 " '" '" - -
TAlfZAlllA - - - - - n' ,>' " -
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hbh 22 • ProducUoro and capacity of """l"}Y IIOUI'C88 (1974)

I
I,
I

Countries petrol Natural Petrol""", coal,. 103 tonnes> ", Distillation ,. 10
3

tonnes)
ttetra ",..Is) Capacity

Ban<Jladesb - 6710 'MO 1471

,- 1163 1425 1320 ra

Comoros Island. - - - -

India 8&59 10630 31960 lO0ll70

Kenya - - 4750 -,

Mlldoog••ear - - '" so

h=itius - - - -

"ddivea - - - -

MozlUllhique - - '00 m

Pakistan ", 40140 3690 1349

Seychelles - - - -

Somalia - - - -

Sri J"mk<!. - - 1850 -

'['anzania - - ,,, I
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Table 23 , Production and oonSUllption of enerqy in million" of
metric tonne"

country ?roduction Consumption fll'dro- Hydro- fuh' Total
electric eletric capa- produc-
capacity production city tion

Bangladesh 1.14 2.n., no ,,, sr s 1110

,om 1. 78 1. 51 '" m on ''",

comoros , 0.02 , i - a

India 121.09 132.92 9029 34l'l27 ·3684 95335

Kenya 0.09 2.10 m '" '" 1119

Madagascar 0.02 0.55 -tc '" ss '"
Mauritius 0.01 0.35 as " W '"
MoZambique 0.56 1.25 '"' 1510 '" 1915

l'akistan 8.33 13.11 2236 4920 2236 10876

Seychelles - 0.03 - - n aa

somalia - 0.15 - - re .-

Sri Lanka 0.14 1.45 aas 1134 eai 1202

Tanzania 0.06 1.07 - - '" sus
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Table 24 , Major reSOurces

Burma _ Copper 1l<m9ladesh - Coal

Petroleum Petroleum

Water Power W"ter POW@r

Tin

Tun9st e n

zinc

Silver

India - uranium

Titanium

MagnesiUIII

Mica

Bauxito!

Iroh Ore

Chr01lliUlll

Asbestos

Gold

Manganese

Coal

Water Power

Mozambique _ aeryl

Wato!r POWElr

Madagascar - Graphite

Uranium

Pakistan - Graphite

Lignite

ChrOlllium

Nater Pow"r

petroleum

sri Lanka - Graphit"

Tanzania - Diamonds

Soda Ash

Water Power

salt



Table 25 Major mineral resources (in thousands of metric tonne,

Countries Fe ore C< Bauxite C" " Magnesite

Bangladesh i

Burma ae

India 27430 195.5 1448 28.8 12.8 no

Kenya 0.>

Madagascar 87.7

,
Mozambique ; a

pakistan ;., a ,

From: United "lations Statistical Yearbook (1978)



lobI .. 2'; (cont'd) , Mojor min ..rol reoources (in metric toeoee)

Countries u '" "' " '"(kg) (concentrates)

Burma ao n ,,,

India 29800 2211 ,

Kenya ,

Madagascar s

Pakistan

From, United Nations Statistical Yearbook (1978)



Table 26 Some goods being manufactured lit present (1977)

Countries Milk Meat Butter Sugar Salt 1':99s Wheat Flour

Bangladesh 1092 ", " no '"' 27.0 -
Burma m i ra e so raa 23.0 "
India :2563:2 '" m 5039 4076 85.0 1666

Kenya 1007 aei , rea " 18.7 '"
Madagascar aa '" - '" " 28.0 -
Mauritius - - - m , - -
Mozambique er " - aao ae '-' es

Pakistan 9932 '" '" on '" 61.3 -
Seychelles - - - - - - -

Somalia m m a eo a - -
Sri Lanka '" ai - " "0 17.5 "
Tanzania '" '" a no aa 21.1 "

From' United Nations Statistical Yearbook (1978)
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lllbLe 27 r Industry in the ConIoros IsIRnds

The principal exports of the Comoro Islands are ylang-ylang oil

(for perfumes and soaps), vanilla, copra, cloves, and to a smaller

extellt, coffee, cocoa, ri""" lIIaize, manioc and livestock.

Commodity Year Quantity

Ylang-Y1ang 1974_1977 300 tonnes

vanilla 1970_1974 300 tonnes

Cloves at present 150,000 trees

Copra " " 50,000 tonnes

Coconut production is high , more than 60\ Of the production

; s used for dOmestic purposes and less than 40\ \/oes towards the

production of copra.

From' COIIIOros - An Island Nation in a llifticult

Economic Situation (l981)

The Courier , Africa-Caribbean-Pacific
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Table 20 , N....ber of livestock in thousonds of nniJnale

Countries Cattle sheep Ho;<ses ~i9S Asses Mules

Bangladesh 26,500 1200 "
B""",,, 7 ,6% '" '"' l,BOO ,

Comoro Islands " a - a

India 1Bl,092 40,187 '00 B,732 1,000 .ias

Kenya 9,100 3.980 a es

Madagascar B,BB€> '"
, m ,

Mauritius "
, ,

MozilJllbique !-350 ss '"' an

Pakistan 14,901 20.546 esa " 2,226 aa

Seychelles a n

-
Somalia 3,950 9,BOO , , aa ai

Sri Lanka 1,690 " a as

Tanzania 14.817 3,000 as '"



!
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Tabl .. 29 • 'IIood &nd c"",eot producUon (in thousands of .."hie ton""s)

1974 1976 1976
Countri.. s Roundwood sawnwood C""'.mt

Bangladesh 10700 '" '"
'"~

21100 aas aaa

India 124200 3561 18684

Kenya 13600 m ,,,

Madagascar 6400 " "
Mozambique 9100 rea -

Pakistan 9000 asa 3196

SOlllalia 3100 " -

Sd Lanka eeoo sr '"
Tanzania 3~~CO er '"

From, United Nations Statistical Yearbook (1978)
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Some ceaat.al regions heve been dredged aod blasted ta C~e8te space far
berthing end lIanoeuvring of lerger ahipa aod tankers. For exa",pl", in Tsnzanla, the
expanslon of the Der n Sal""m port is in th" procns of d"st~oyjng shellfish
spawning areas at the $IIuth end of the creeks. Tn Tanzania, the coastal arsa is
densely populated and, as s reSUlt, ",ost of the pollution is localized and tends to
be dOlM!8tic. ,.Ithuugh industrY in lenzenia and ~onya Is developing "t a rspid rate
in both cosstal and lnlaod areas, pollution studies tend to be concentrate~ inlond
especially around Lake Victoria .mere ..any industries are located. Both studies
sm affecte of pollution are v"ry localized and usually concern fresh weter probl ....s.

~oms'ia. whe~e IndustrinJ d""".1opnent is still at an "arly stege,
IlevertM'ess MOl oiT contamination prooteAla, In Mozambique, research hos been
carried out on pallution ;n the heavi1.y populnted Louren~o Marques Bay which
receives ",..",lc1paT and industrial eff]""nts. However, studtes usually deal .. ith
fiahe~ies end coral Iaaf investigations. ~t Inll~ca Reaerva, coastal eroaion
..ansgelAmt ,n~ contro' aIr oleo und~r obser"aUotl.

7.1 'hE Istaods

'n th.. islanda of tha fndian Ocean, indusUI~1 da"alopJll~nt ls slo" and the
"ffeets of ~~lsted pollution ""t readily apparent. There is concern ""out the
possibility of oil pollution "e occsalonst coaauT contaminntion is seen. Ps
in the ""se of East ~fIica, cora) reef d" ..sge la a lIajor concern in the islsnds
notably in tha ~mldl"es, Mauritius snd Sri Lanka. ln Madagascar, pollution
prOOf"",a are, 3gA!n, prilllarily rebtcd to freeh ..etcI. So",,, probl"",s aIe
apEcific to ceIhin ueea. ~n ex""",le of this is found in MauIitius where the.
lea""a froll the ~loe fibre tree hav" destroyed the aquatic fauna In pa~ts of the
is.1"nd. Significant d~ge has been recorded in. the fisheries and oystaI b~e

due to the todc effecte of the9<' laevee.

7. ~ The Asian Sub_cont.i""nt

PAkishn's rece"t intensive iodustrisl d"""lojJlllont is loca1bad and
cauaea increased praSSOIO 0" the exieting do..estlc and municipal aewaga systems
aroll'>d ~srAchi. Ht.huugh s""" prellm1l1ary inveatigations hava been carIied out
aod increasing attenUon is being given to the stilt" of pollution, the aAIOunt of
raaearch do"" 19 lIini..al and IlS )"'t. tha information """na to be I88tricted to
the ""alogy of the coaatal sr"a •.

Hoat InfoI'IMtlOll on JIOl..lutant f .."els and JIOlluti"n Iosearch in the Indian
Ocean concerna ~rk dona in 'ndl~. rosstsl ond inl."nd aquatic pollution research is
fair~y ed",,"ced and inforllotion ney ba obtained as to the effects of pollution
"long "",st or the coAetline. The conditions of SOlie estuaries in Indis ..hich Ar~

sffeeted by pollution are s"en in table or.

Litt.1" docUlllented jnror.AUon Is nvailable
Rangllldaeh Or Flurma. Ther~;s S'-"'e concem abaur
froon the c"nges aod tl'oe Brsh"",put.N in the fo ......r,
HaIbour, And froll the Trra ..sddY Ri"er In the latter.

"" pollut;on probf ....s from
the Effects of rj,,~r rLJrl-off
"speclel1y arco.:nd r:hHtagcng



Kulti Estuary'

Table 30 Conditinns of snme estusries in lndie

p:llluted by calcutta sewage. 48 kin of septic tank OS
in tidal waters without dissipation. Dissolved oxyge
are sul>oonnal.

>IT LT
to 0.8 - 3.2 1.5 - 3.6 ) rrg/1
pi 7.1 - 8.0 7.1 - 7.8 )
Fish fauna are alnost CCftl'lete1y gone in heavily p::>l
waters.

CocoJm River, Madras: Noonally separated fran the sea ~ a bar Iillich ae or;:
of sea. Washings frem slU1lS, cattle yards overflew a
pumping station wastes frem auta1Dbile =rkshops ~
factories. UpJ::er zone deVoid of fish. Major part of
is septic.

NJ:yar Estuary, Madras: Not mud> p::>llutian is seen.

Pinnakayal Olannel'

Cochi.n BackWaters'

Chaliyar Estuary:

Bcnbay Bay Region'

In Tamil Nadu. Discharge of caustic so:1a plant destl
fish fauna near it. Significant quantities of ch10ri

'I11e main p:>llutants are dcrnestic se<oage," coconut hill
retting waters and mIl industries.

In Kerala State. Ebllution frem Rayon factory, 13 kr
Beyp:rre. High BOD values as gO d£:mn the estuary. Pr<
lysate, oontributes major part of roo load and waste
nort3lity is caused by oxygen defficiency, effluent
decutlp.:>aition of org/lllic matter creatin g near anae:
corsutacee,

I>bre than 100 industries discharge via creeks into
via Kalu River mainly. Ac1di.c block in river preverr
migration of Hilsa ilisha. Putrid &lEll apparent.



_ 6!J _

8.1 TntroducHon

The C<lootriea around the Indian Ocean are a1\ rleveloping countries,
nnd ther" is " beaic need to i ..prov" industrial technology. The rete at
""irh industries er" being set up is steadily Increasl"'J. At present there are
fe.. msjor industrial "Ups along the coasta (see fig. Ie), Marine pollution
proble",s resulting from this dev.. lnl"""nt. nre, thUS, r ..atricted to s.. all areas of
the coastline a...,h as the E100bay region in India 0[" th.. ar..s Hound KarachI In
Pakistan. Os indus"r;al d..veloplllant is still fairly recent, thrre ia little
pvid..nce of documentation 00 rplatcd poll~ion problems.

6.2 East ~frica

Coast~l industr;n] dpvelopemcnt Is at B very
and industrial pollution is no" very apparent off
~enya, for niimple, many industries "ra situated
p"llution b moatly of the fresh ..atpr type.

10" level In Eaat Africa
the "osstline. Tn Tanzania and

around lake Victoria and

In ~"",a1] .. , Industry;s neq!iqible and as yet, d"es not OOJ1Stitut.e a
major ""uree of pollution. Ho,,~v"r, of portic"l."r lntereat are the slaughter
oouses situated ~lon!l the ceast n, Marka and Mc..-adlahl'. ~t Marka, ..astes ar.,
discharged directly into the aea which haa on unpleacant amp)l and Bttracta sharks
to the ne~uhare eraa. At /o!agedishu, effluent ia drained into a s....p ptInd. Thare
Ie ptob.bly aoma leaching fr"'" the pond into the Sea aa bafore the sT..ughter
house e~iated there ..er" no s"'erka in the rrgi"". Hat .. an<! toale uaed 1n the tred"
aro cltanec~ directly in the aes.

'" l(enya, industr1.al ..aatea fro'" Nairobi drain into the river pas..ing the
city which eventually dlsch..rgea directly Into the Tndi6n Ocean ~ia the ~thl Rj~er.

The ~thi ~i~er r"rries ..Jth it ..aat"a fr"" slough• .,. haU6ea, rement factories,
t ........ riea end coffee factories fr"", the ill<!ustrisl. sartaz in the leienbu district.
(ff luen> enters the town a..""r8 but a.......times thie is untrMted and relea"ed
directly into nature1 ....ters. E~ ....p'ps of theat ere sugar ...."t.. " from
untront..d mola" ..ea entering ls~e Victari" end the ....ter.. s~uth of ~~~.se, which
hB~e "rleleterious effect on tha survive' ef fish. I-Iaates from dairy processing
ph,nt" and slaughter houaes are re~cased fren Mcntlasu end lCiaumu and cem..nt and
fert 11 i ler factory efr! uenta frem lei' indi ""rbaur. rannerl ea at Kiau",u dischar\le
larg" "mount" of chr,,",.. ,,~lts and SCI Ids w!>;rh .in~re~se the l'iological O'ygen
Demand (~rcJ loarl. ~hen th.. BOO 100d is incressed, the oxygen content in the .."ter is
dapleted due to it's uae f<lr the degradation of auch pollut"nt" as has
been introduc..'" inte the enviro,"""enL Other "ffluents include cyanide frail'
mining ..nd SIIlelUng operations, heavy loads of organic wastca frllAl coffee and aiaal
iodustrinl plents and wastes from pulp and paper mllls. fl..avY-llletal
pollutinn is e potpntiat pZoblem nrising frllAl the use of zinc to cOat iron
she"te used for roofing. Another potential "e'.lutant in renya ls mercury. About
?5,rr[ tonnes per "nnurn ef m..rcury compounds are used here as seed dreasing.

1n Tanzani .. , Ilo""ver, "rganlc .... ate frem a dIversity of s....ll ;ndustriea is
app..nnt, especl ..lly In and around I)(,r "a 5al"..... The..e Include ""..p f..ctories
C""'..nz.. all<! Dar eS ~alea.. ), sieal (TangaJ, sugar mi!Js (Ilukcba)·, cotton aeed
processing plant (""'anH), plastics (Dar ea Salaam), wood pc""eselog and super_
ohosohat" Dlants. Tntil" and fishn"t ili<iustries .t. Dar "" ~sh".. di""hR....,..
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W~st€ effJu~"ts from _vrrnl in~Oj9trirs, for eX","pl" breweries at
"ala nnrl i.nd"G'd~s in Pbungo arr rli~charged intn the Haimbllzl VaHey Estuery. The
""':er. is very alknline with pH veluM of 11 "nrl above and has a soapy textura.
T"" disMlvnd oxyg~n con~enttotion is near zere anrl wastes are mainly from
<lyee anrl chemi"nls used in tex'';le pro~eseing. EffllJt!nt from the breweries is addic
wieh l_~~ solhl wnste .mld, is mostly organic is nstur... There is a flushing system
in t.he inrluetry but H is hinrlrr.. rl by aand b,rs and during high tido, waters
som~il'l"s overflow into the mangrove system. The low oxygen waters nnd
org'nir "estM miX to form an 'naerobie cnv.trenment but stagn3tion is prevent.ed by
the flushIng system. The increasinQ populafion in the area tlaa in~~ea6ed the
p,essuro on the system.

Tn Mapu'o i.n Hozambique, the Louran~o Marques Bay is a buey harbour.
!'astes from the city and por~. drain directly into the Ray (see Ci in fig. If') end
effluent comes from, e.g. roHon end textile factories. There are two por~.a. one at
too Junction of t."e inner and ou~."r bays "atering to general cergo end minarals, snd
t'>e at,h"r at thr west of the inner bay handling iron ore and hydrocarbons in bulk.
IHgh 'elues of iron and ,nppe, a,e not,,~ due to th" uae of a flew ,"ethod for
'oading. This involves a sedlmenht.1en process where the supernatant rich in heavy
metaT centent 1111.4 "icrogramsj' Iron an~ ~.2 m;crograOla/l cflpper\ ie du.,ped into
the bay. Tn windy conditions, oven <>armal loading proc"durea reauit in high valuea
of iron and ,oppar downw;.ng .• iarge p.rt. of the tide n""s back to the inner baY
on tide r ..versal ""'" t.herefo~e not much of the water io renewed. Mowever, the
al,allow depth and geOOlet~y nf ttle b~y create a self-clearing process by
adoorption of metal iona onto the mud of th~ bey. Increases in iron, copper, lead and
nickel "r~ stlor.-liverl due to ~.he natura' cleaning proceas in the bay.
Ho""ve" metal ion accumulation coul~ occur in, for example, bivalves snrl ahri~pa

whictl are capable of inges'lng and concentrating these ions in theic fleah.

'n '~arlagascar, waates from simi'ar inrlusfdna to those found In ~enya

couid effeet t.he shrimp fbtleries on the southern ~nd "estern COBstS. Exaroplea
of ttlese are sisal and "u~~r cane ae Dingo Garcia, Nosy Be, Port D.upMn .nrl
the Mnru~ra,i ftlver. 1'1"',,, Tan"narive, effluent fr"'" tanneriea, pI.stics,
)-.extiles and paper ir><!u,,>r;ns nave slready been not..d aa c.using so"'..
poll"tifln prob'....". ~ini,ng indllst.ri"s (mica, "hroroium) are pot.ential polluters but,
withOUt: ,,~vere effeci. te t.tle fis~er1.os S9 the thoy are situated on ttle East. Coast,.

In Mauritiua, s par'i~ulR;ly tligh 1300 10,,'rl (~,~(l(' lbs) is ceused by
"aates from t.tle ?(' odd sugsr mills found on the t aland, Effluent containing
bagsss" (c,ushed cane fibr('s), san, soot and moia"ses een cause total oxygen
depletion up t.n ~-'\ km dOWTlatre.m. Th'" is ancompani,ed by a slurlge hyar and moss
mortalities of fish snd inverteb,ates. Betw..n January ""d Jun", factoriea do not
operate .nd aome organisms, thus, hav~ time to recelonhe. Parts of tho south coa"t
beach are blsckenerl and lacel fiahermen complain of a decrense in catchea and fouling
of fish traps by hagasae. T"'~r" is a major industrial drain from Part Louis
which ca,ries rfflu~t from the industrial estate at C~rm"ndel.

Effluent from
of causHc

lno:luatries in
aoda fr"'" "h"

ttl" Seychellea
cleaning of vats "j n ttle

negligeable.
local bnwery

Discharges
end a"",dust



~OIIIe I"cal ~lIut.ion ia seen frOfll Industrial and port activity in
Calombo, Sri Lanke. Copper valt>es "f I'.n' ppb and 2.1' ppb "ere found In the
In<llJSt.ri~1 "ffl"....t In Colombo "hich h~s "dlre<:t effect on tl>e drinking water. !'any
induatries are situated on the b~s of thp K~l9n1 River which then passes through
the cit.y of r:ol~ and ou'. to the s..a.

Tn bo~h tt>e esstern and ..est."rn coasts of IndIa, ttlere are reghms of
intense industrial davalo~nt. On~ of the most important on tl>e [ast toes' Is the
Hoog~ly Estuary region. ThP Hnoghly Eetuary is for~ed from ~hree brsnchrs of the
"slI<Jes ant! is very impor~snt. f"r por~ faeilHies and eo",m~rei~l fl:shl'!ries. Th~

est.uary haa Isrge rl.ers diaehsrging ln~.o P. sn<l ..~ny IndlJ9trlp.s ~re sH.lJ~~.ed along
the b.nks of 'hss" rivprs. The lower pad. of tIle sstuary hss
Dult.ifarlous Indus~rl~s, pep~r, t.~xtilea, e""mlesls, pharmaeeutlesls, plastles,
s~e'le", foed, ieather. ,jute, tym" "nd cycle rima. ". alsn receivea drainage from
~~ Rag~f an~ Rp\Dhlsnd canals whl~h h~ve se,,~gn oule-.s. The ~ata auggest that the
rivar i" pol1lJt.a>1 b,.f,.".e it re..d~"s the industrial ..oaf"a. O""plte the he.~y

sowag" and industrial pollution in tha rl.er and "onals, the estuary itself ls not
;00 badly poliut"d dus to t~" effect of ~ixlng and diaperalon by hIgh tIdes and
turbu~ence. Tt>o eatuary has a high sslinity, a high turbidity fector and Is
wall supplied by the monsOOn. Ths tidal rang" la large and Ita impact csn be fait
up to 'f'O km inland.

·~bo"t 251' million gallons of "lISte ....ter are dierherged per day of ""ich
~0.6~ is induatrial. The tOh.l ",,11d wast.e ia of \..h.. ord..r of H'6Il \..onnes and the
!'I'D IHl tons. Th" 1100 value it ha9 is aqulnI""t to that e .....sed by a
~pulaHon of about. '!'~,n(W. ~n e"ample of waste from e eh....ieal faetory is seen in
table ~l. This fadory lie5 abOllt IP k.. north of r.al~uHe and proclueea
h~avy ch""'icels, paln".a. varnishes, phsUc" and rubber chemicals. S"me
cflaroc'erI"Ucs of waters from t.e"l.l1.e, vegehb'e oil end paper and pulp faetori ..s
"rp seen in table'? lheae nra fDlJnd in the Risher regIon in Hrlberi, Htagurh
an<! PeHe.

B"t.w....n the 91 km froro Ouoourdah" t.,o l'lir'apor .. , 9S factari"a are found of
"hich 5~ are Jut.e .,p1s. Th.. bulL; of the err'u~nt, ho",,~er, co,""a f."", fiva p.pcr
anrl pulp milia. The fresl> "eter supply i,e a'o" end the condHlon of tho water is
<!etericr~tlng. 5ulp~lta, sulph~ta and ao~e pro~~ssing methods ere uacd In the
mills. The "h~r~cter\S".jes of the affluf'nt fro.. those mHls h seen \n table ". for
7';,orr tonn~a of pape~ ·produ~"<l, 8long ~ 51' km atrot"h. t.he tM.al po'llltion load Is
61',01'1' lbs '>"0 (population ~qulv~l""t of 41'1',Cl'I') and 26f',['(l1' lba suspcn>1e<l
soHrls IpopuhHon ~qulv.!en~ of 1,·2r,rrr~. In su"",ar this load Is he..~i..r. rl""
to t~- use of juto and salar gr.~ss for ro" ~"'arlcls, the "fhe" .J~ pollution
from p.por Rn~ pUlp f.~t.orj"s in 'ndi~ is hiqher th?n from olher eOUn'riOB using
~iffpr~nt row rn~t"ri~ls. rI'O: of th.. eff'uenc i.a diachar!lsd untreat.ed Into thc
~oogl>ly Estuary. rns of the Nnjor components of the ~aBt.e'"atar is lignin which la
'""i" to t."" flah stock. Up to ~.5 k.. below 'he eonflu,,"ce of the Hoogh'y and
t.1ls !lag", CRMI, conditions ara not "ongenial to the sustenanee of fish life.

~ cDlllllari""" "ss .,ade bo~~,"an the ~llutod Hoogh1.y and the unpoll.utod
"1atlah [slu.ry. The fomer is " Udal estu~fY wi'h fr""h "ater, 9re<!10n~ aM
tIdal/marine eonditione. Th" tidal/marine is Only ,,"~n in the Sum$ar in tt>e lower



Table 31 Effluent from 8 chemical plant neor Calcutta

Plant Nature M Discharg..

Chlorin.. Plant Weak Sulphuric I\ci<l

0.05\ Solution Hydr"chloric I\cl<l

Bleach Liquor 4-·5 ,I' calcium oxide

,
40-45 '" available chlorine

>0" '" calcium chloride

Brine sludge calcbm. magnesirnn .0' sodium insoluble saHs

Benzene

Caustic sooa

Paint Pl ant CallStiC sorta

Polythene Plant 100% "1 "oMo, ;0 5_10% sol ution

C<_ .U three Oil ;c_ the machinery

;rom: Observat.ions on ~stuarine Pollution of the HoogM11' by the Effluo
Chemical FactDry Complex at Rishra, West Bengal, India.
3. a. GHOSH and A. K. BASU (1968)



labl .. 12 Characteristlcs of wast" waters from rliffer",,,t inrluatrip"

Induatry " Lignin Susp.mded ''" Volume Lignir
matter a

~!, ~!' mg/l m Iday kg/d'

Textiles 8.8- U '"0 0.905 DO 9.120
,

2.H,

Indian
Paper , 5.8- U 1000 1.990 avs 11.400 13 . S(
Pulp

I
Papeteri" 8.5-10.0 DO 1.6S0 no 27.360 4.2:Titagurh ,

Pap<Ot@ri..
7.9- 0.; ras 1. 700 res 26.600 4. 2'

Titagurh ,

West"rn
Indian 5.0- 0.; WO ').600 eo 2.280 0.2'
Match

Prom' problamas (i' """X rasiduairas in(iustri@lles dans 1a ,",one du Hooghly
notammant (ie" hbrLjlleS da pata a papier @t d'huile vegeca1e hydro,
A. K. BASlJ 119(9)



Tabla J2 (cont'd) ChaNlcteristics of waste waters from different industri

Industry volume
30f

flux Total Matter Suspended Matter ceo
m /day mg/l mg/l mg/l

Margarine 171 - W 2.505 _ 13.100 1,405 _ 5.795 3.850 - ~

Soap 190 - 228 1.540 _ 5.390 0.540 - 2.100 1.416 - 1

Combined
Effect m 8.200 4.460 7.98e
(average)

Combined
Effect 3.460 -12.840 1.480 _ 7.440 4.990 -10
(range)

From' Problemes d'eaux residuaires industrielles dans la zone du Hoogh1
notammant des fabriques de pate a papier et d'huile vegetale hydr
A. K. BASO (1969)
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Cha.rocteriotic5 of effluent fr"'" different mills

Characteristics Sulphdte Mill Tissue Mill

"" ,., . U ,., · a.s

Suspended solids
1392 rvz 'M m· ·

~/'

W" 37°C ssa · '" 610 - m

000 ~/' 1525 · vaa 1234 · ""
Li9nin ~/' '" - 12.4 W, · "

Table , Criteria "0 Characterizing Waste

Waste Characteristics Suspended Solids '00

Weal< less than '00 less than '"
Medium '00 . '00 w, . '"

Strong more than '00 "0" than '00

Frm, Charactedstics of Wastes frolll Pulp and Paper
Mills in the Rooghll' Estuary.
R. S. IJIlANESHWAR, S. RAJAGOPAUIN, A. K. BASU &

C. S. G. RAO (1970)
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"'ble 34 I CDlllparison of HDDghly aJld HaUah estuories

Condition Hooghly MaUah

Dissolved oxygen rate J.76 - 5.89 5.62 - 6.00
(rog/l) ,

Zooplankton DOIlIinant I
Phytoplankton Dominant

Dissolved oxygen ~.< Higher

Temperature ~., Higher

Oxygen Consumption -, Higher

Turbidity
I Higher ~"

"" ~., Higher

Plankton Numbers Lower Higher

i
Free nnrr.onia values Higher Lower,

,
Primary pro~uctivity , negligeable 0.375 - 0.562

(mgC/m /day) I
!,

Adapted From: Comparison of the polluted Hooghly Est,,<uy with
the Unpolluted Matlah Estuary
II. x. BIIED, B. B, GHOSH & R. N. PAL (1970)

""'Observations on the probable Effects of Pollution
on the primary productivity of the Hoogh1y and
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not}, i~ the ",.. i' i'ladu region "r Tndi~, has ~n industry for black and
wnitp photographic fll~ fabrication. The main to~ln betng wAohed out is undJB90ciated
~mmonia. Hydroou;ncne Bnd n~to' ere Also present end the9B have B synergistic effect
on the survival of fieh _ in the presence of hydroqulnono, ..otol Ie ~ore lethal.
When '.!1" hm at" combine." toxicity con be redor.." by the preMnr" of t"ioBulr*>ot".
rar~on"tr ~n~ SUlphate of eodium. Hydroquinone is a powerful reducing agent and
r1Apl"tM oXY'Ien.

The preel''''''· of ""'cury wee
of ~enOA'. Hnmmer_head"d ehark
with 'nwer valuea B~pn in e~~c fish
"re lower in t."" ~r_,bian ~ee.

noted in parta
And white spot

ond dolphin.

or fish ObtAined fron t.he Bay
sherk showed high values ornrrruty
The overall v"lu"s. fn~ ..x....pl ...

Topp"r, ienn, m"nqanns~, 7ino. oobalt and nirkel In disao'v~d pn~ parttcu'.te
fr .."tions of sen "st..r at ~iffernnt dppH.s "ere eatl",,,te~ from ni"e at"tions
in '.he Bay of l)""gnl, r"""nntretiona of dlsso'ved and particulate ir"" ....re faiTly
h;oh ~I "oMt,,1 sl-.a'jOnB Mp"d"'.ly at th .. Tiver ..oo'hs, fopper nt 'he nMrshoT..
s'a'ions "as hl",!> but tt>sre "ryS no ""rk,,'" diffarMce be~we"n n" ..rS'lOra snc
offshoro conr"n'.raU"n" So ss to ref'~ct the possibil ity of a river Input.
!)iseolv..d 7irro sn~ nink'" v"'u~s werp 'OI<..T s' tile surfae.. than at the d""l'rr
'nyer" con'rary to tllet not...-1 for ....O'l""e"... PerHculate fradlOf1s of Iron and
zlnn ..er" slqnifinnnt ..Mh,t eo!>a1t and nichl ..ere not algnHic"nt. Copper and
m..ngan~s~ eho~d ;nl.a.m~~in'~ v~lues.

THMo'vcd co~m. vslu~s are gree'eT in 'lte Arab inn 'jca tllan in the Bay
of 9SngAl as arA 'he VAlues fOT pUliculat~ coppcr and """'ganese. looplankton appear
to """' ...... 'ate higlloT qUHn11ties of .."tals In the Al'1lbian SM than In tllo Say of
!langa1 possibly due 10 the Mgtmr quanllll.es nf dis"olv..d ..etoh present,
',her... Til" oon"en'.ot.lan factor in thO'. Ar"blan ~"" ..aa hil#lest for zinc follawpd by
iron, "ab,,'t, "epppr and nickel ""ere"" in ~.t'e Bny of B""g"l, ttl .. oanocntro'lan
f""lnr .. ss highesl, far in,., folla..rd by coba't.

H~HVY meto!s in eff1upn', for ...ampl" oop~r, nre >raced baok to ppalicides.
fungloid..s, Jowollrry, oopperwarc and ,,"'i-fouling p"lnt. 'n V~llar [s'uary
in Parto 'Iovo. 1au',h Too.\;; t'''· "ff"d of ""pprr on 'Ie.a••ix OM'." "'S s •.uriied.
Aft"r ancll .... 'is'hon and $Ub.i".tion to letlla' dos~s, It-e blva've ..as found to
Ilave an L~,r (lpthal nonoenten'ian of whlcll SP~ of tho popula!i.on Is killad\ vs'uo of
r.S7 PO'" Tunrl' ...,lphate. De..lh ....s .ou""d by aaphyXiation :lue to copper ;nduo~d

mllCus """g"I"lng >he gilts. Bivalv..." can grnerally sco...... lpt .. largeT amounts than
fish and "~e thus mpro tolerant.. St.udi~9 weTa e~rri"d out On heavy ....t..l
o<Jl1"ent.r~t.lon by tt>~ ayst.p., ~rOS9<19'r".. madns'll1SIs In '.he 'o&lln ouo. tligh levol.s
of ",""g"""8", zinc, iron and copper "nrr noted In I) .. " ..mber to ~Iay ..horMs the 1""
vnlurs fro.. ~un~ '.0 ~ov..mbe .....r .. aHrlbut ..d to the n"" of fresh ..ot". causing
dilution. rysters "sn "nnoon.rat" ropp..r uo to 14,rrr hmes and zinc up to
ir,N'r tim~s. "om,. r"su1h fOT coppe. eccurnulatien by v..rious bivalvcs "arc
sleo obhinod for '.h .. V.. 'lnr Esturry On th.. eaal oo.s~ of Indh (s"" table J'; end
fig. 19\.

N,tur"' run-ofr eff,,"ls 'ho conoentrations of jran found In
onrl Zu~ri Estuartns, 'nri' •. Es'l",etlon of canrnn',otions ""re s~udie~

v.luos ""re found ta v,ry from ~_~.6 019/1. Til.. higher
"".tb"t"d t.o t., .. Infl"""".. of thoe river ..hich flo..s through lTon
tereain. ~round other p~rts or Goa volues vaey from r.6;~1~~ mgl1.

I,he ~19ndovi

for ' year .nd
vnlues ..nr ..
aee b..prlng

Thc decre..ae
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In the Bay of Bengal atu'H",s on ~r$enic contont eho"e~ value.. f~o.. (I to
l q.75 mlcrogrqm/I .. Ith ~n ~ver"qe of 2.55 microgram/). The highest co""entret.lons
...".", Men in the Gu1 f of f!"nn~r off the northwest coest of Sri Lnnka.
5urfa"" ",t"ra heve (I to '-'.1' mlcrogum/J "nd botton waters <1 to Je.7~

mlcrogrem/l with the o~yqen minimum layer carrying the mlnlnum amount. Tn the fine
clay r~glonll of thf' Boy of 8engal the araen;c .. aa abllO~bed Into the aedimenL 1n
,.,., Indlon "eMn, ~raeni" ill found "'ainly ae Bfsenat", "nd it ie removrd in
par>jc"lat~ form.

ViaakhApAtnAm "erbo"r is sllght'y f"rthe~ aouth of the Hooghly EstUAry
and lies h~'.f ""y behmpn I'\~dr~s nno'! r-elcutta along the Matern coaat. It- i"
~lso ~ffoct.ed by in~""hial "ffluent and recpiv<>e effluent from fertiliser
f"",t.ories .Il"l oil r"'flnHles through the Mehedriggl'da 5tr~""'. The Visakhap~tnam

"o~st is rocky ,,1t~ ~ ~Iv"r"e growt.h of algae. lnduat.ria1, demestic ~nd

municip~1 ...."age result-..in the pres,,"c~ of crud~ nil, iron ore ~ust end
Bulptmr. lhermal b'UD_green 81ga" nre found;n t.he t.her.m' eff'uent of c.h.. 011
refinory.

ln 'he " ... ly mornings of ~ove"*,,,r 19.4 end ~'ay, ~"pt"..ber and flctober 19'5,
IMII" morbl ity "f n,,~ o"ourred. T~ia wsa thoug'* to be tha r ..sult of an aoldic
effluent compoeed of "mnonin, fluori~e", p~enolll snd hoevy metple "uch as copper
end l"ed discharged f~om t.he f"rUlis..r f"ctory which I""ered the alr""dy Midic
pH In the nort._stern sm. About ~5(1 neh, moinly f~"", the spceira Ne....t"lo"~,
H!!Q"lops Md Mugll, pcr WI' m stret"h of cans' died. 1n "ndosed h"rbours,
c"'u~ri"s, lagoona And bays high In bicarbonate content, the addition of strong
min"ral acide Can cause Ilberatlon of I~rge amounts of carbon dioxide. Thi" combined
"ith a low ~is"olv"d oxygen con~ent levnl due to photosynthetic inactiVity during
the nig~t ...." thr. probebie ceuse for thc fieh de"th". Hau mortallty of fiSh due to
"~oni.,, poisoning ha" sbo b..en seen in fhitr"outh", " Uo1"l tributary of
t .... Cochin !lackwat...... The,," kIPs heve been attributed to "ffluent fro," two major
indust~i."l esteblishmnnte In the nren.

~mmoni" ;s often spparent In eff'uents. The ..ccopted level of amnonls Ie 1.5
Pl"". Tn the Cor!"!ln !le"L:wsters, l.he pres"nt. level ie ~~1_5M' PI"". ~cids and
suspended solids ~r~ also prreen~ in tid" reg.!on ~~e to in~ush\~l I'~J ,,,c,un. In
~elenaserry this reBUlt~o1 tn scattered p"'Ch~" ef dead ~mbeseis gymnccep~elu;. ~t

point ~ n,l"f'I' l/dsy ""Id Is disch~rged end et point B, 5C'-5{, ..illion l/day a'kaU
(see (;g. 20). 5nm~·of the c,,"~I~ions of the ..ater 1n t.hlB nrea ~nd their effech
on fiSh er" 8S fO'lOWS: ~lgh ·~mperet.ur~ l ..q<,s to cMngee 1n ch"",i".,l and
biochemic..l procesees, "n in~r.."sed tu~bi~ity causes ~hok1ng of the ope~nulum

"sv;l y enrl high a_onh con""ntr"Uons ""rro<le 'n~ glJ.1s. Studi"s on the
toxlcHy of e"'Of1ie t.o verlous fieh species was carried out. s' Goa. The ~oxici'y of
the .....onJ. dppe~nd on fh" so'u'ion It ..a" in; .t pH e ammonia ""II mor., toxic than
"~ pit 7. <:il!111~rly a d"Cr.,~"" in I.he diasolv"d oxyge<1 <'ontent increesed t""
tn~l~it-y of non-ionlz.,<1 annonj". •....onJ" toxicity nffects the growth ra'e,
<lissasc resi.stance ant! prorlu""s hypcrp1nsla of the gill epithelium. ~~nlo toxi"lty
1s corr<>latnd to th~ p.,rlll<'sb11it-y of 'he gIll to It. I1ften, the fieh Ihat nre not
indIgenous to the erne may have "c"idently on>er0d it ~urlng feeding movements.
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The lIlnjority of t.he induatrhl effluent ent ..ring ttle Coctlin fla"kwater
RtemR frnm [laar (UyogamRndal) belt which stret"h..s 5 km along th.. banks. Wit"
sewag.. And industrial pnl1uticn c~sing so mo"tl concern in th.. region, studies On th"
hydrogrAphic fcatur~a And water quality of the area have alao been "arri~ out. Th..
atate of the wAt.or ia influon"ed by the ..,,,,aoonal "ondiHona. ~one

"hsracteds'i"s of ohe offluents entering ttle ar .... ere listed in table ~6. Th"
!Il;jor stress Is at statton l 'tabl~ ~~) and di~inishes gradually from there both up
at.r..a.. and dowostreall. High lev..'s of ....tala ar .. not ..d particularly Iroo,
mang""es.. , "opper and zinc.

AUhoug" all aris.. fro.. Industrlal and IOIJnicipal pOllution. ttl .. iron conc..ntrations
are also influenced by leaching through ir"" or" bearin\! t ..rnin. Organlc
"arbon and nrg",,;., ..att ..r levels ahowed ..nrichm"nt i" the "rca of a coconut
husk ""tUng yerd. fl""~Hhl "ounta are high and t.!>e aedi..enta take Orl a bl""k
~oloring ~nd ~r~ "alodorous. Mnnsn~sl dilution and tidal mixing are too low to
have any positivp effect. on t."" s,,1f purifying abilities of th~ syatem. Th"
con"entra'iona of SOM~ mptals at different stations in Coehin are seen in table ;7
and comparisons of ~hia data with data from other regions Is seen in table 'P.

~ Ht~niu.. fncl,ory aituated '. k.. fro" the ~'arine Biological ShUon at
S~~henoghon. Trivandru.. in Tndla, discharges an effluent conteini~ sulphuric aCid,
fenD"" su1pt>st.e and s..all sca'e tit~nium sulphate. In March end Noveo'llber. the
effluent. is ,.sp""ie'ly heavy .In ferroua aulphate f'.()l~6 !Ill wh..reas th" range at
other t.i1l1OA is usually r.rCC'7 gil L[1[I'!5 gil. During these m,,,,ths few

interstit.ial f"una are Seen on the affect ..d tropical sandy beach. with "one close to
the dischvrg p point. This depletion ia not du .. to natur"l "aus..s. Tests have shown
t.hat ap..clea of copepod. neMatoda, arctllann.. lid and polycha..to cannot reslat
conc"nlretions above ~.Dr21 gil ~t pH 7.1. 1n ~ay, the ~ximum nunb..r of ani~ala

Is 7\ per 0.5 I of aand but in th" other months only 6-1P an!~ala per 0.5 1 of ssnd
ar.. found. The "ni..a'a spen are fonMinifers, ciliata, coelenterata.
t"rbel1arl", nP.~otodn, gastotrir.ha. oatracod•• copepoda and isopoda. Till> sand Ma
beco.... A browny enl""r due to the p~"s"nc.. of iron in '.he dlaeh"rge. This dogs
tha inhretie"" a,,~ t~, hc'" of fauna from th~ outfall point to ~(1 ,..,tres along th"
b....ch 1.a du, t.o this A~ w~l1 as to fhp rerluced oxy\!en cont"",t end p'1. from
~p_2I'r .. from th" ouHell, the be""h is stll1 morl..re~e.l.y eff"cted with ao"", "'ight
e~fecf. after a dla'"".." of 20(1 m. Near t.he t Heni... r>hnt tha n"arshor.. w~t..n
of 'tl.. Koehuv..li beach ar.. vpry polluted due to th .. deily disrh'rge of 16(1P ~ of
wesfes. pit ren range fro.. 1.4_2.5. Studies on fore.. inifera ahow l ..aa ape"i ....ns in
th....eglon. wt1en they are found it. is oft"n ..-Hh corroded surfaces <!tJe to the e.. idic
"Acure of th.. efflu.."t.

flombay is the aecond ..oat pcpuht"d city In India. It haa many
industri~s "nrl effluents fron these industries arc a .. "jor pollution probl .....
Abou'- ?~ million m of ;"duatrial effluent is d.ischarged fra~ Bo..bay every y"ar.
The "unent ..""aure..en'.$ for mte area InMc..te that. the OIov""",nt off flo;rolruy Is
northward in the ri.aing tid" "nd southward in the falling tide. South of the
""rbour, ttler .. are strong onahore "nd offshore componenta. Tidel phenom..na appear to
help disslpet~ the pollution to som.. extent in this r ..gion.

The ~ercury content sntering the ocean hss c"used grest concern ainc ..
the Hin"","h dis~ster. 500" regions of th.. Indian ocean heve bee" '.ested for mercury
"on1."n' es seen in bib' .. ;9. The llIercury conc.."t,"tion is constantly l"cre"sing
due to ita long resld..nc .. tim... It is found mainly In the cosstal ar"as. Th.. content
~ .. ~~~,.,,~v In v~~;no" ~N>e~' ....e h.e .......n r""nrrl",L V~l"".. fnr ""n..""h"Hnn<l in fond



lable 37 I ConcentraU,," of vario"" metals at <1ifferent SitllS in the Cochin baCkwaters

COWC"."ATlO" o. Mu>'" .. VA"'''"' 5"TjO~. 'w T~" COCK'W B"'Wd"

St.tlon
~".

S>1'nity So,pen<le<1 Con'., "g!litn
No. ,., m.tt"" ms./lit", -----

" "- '" ,.
s Jl,S. n' 1911 " H n .•, 11-,1-4 9H 971\ ., \O-~ lS-8

1o"lo'j , s 11'1 .1-1 •• 16'5 s-a 14'6
u lI-Q.!. l5.1 1112 18-6 ., 1$-5, s 31'S 'loS 11'7 v s " ", 11'6 .1'8 ". IN " 16'1, s n66 I J-4 '" lO-g H .., 18-' ., 3177 3"9 IN 20-1

s s 10-j IN ,- 16·g H ,.,
" l6-4 ., ns, "'

,., 11'6

• s JI'l 'H ,. lH a-r ", lH 11-5 ,. 0< ,.
", s 32-34 rs '" I.., " Il-S, 3l-6 29-7 2286 16·3 H ••, , l7- 75 '6-2 '" 11-& " •• •-n II .n .6-, 1,1 , " " 2H, s :z.'92 n-l ". 18'7 "' Il'S, 25-6 "' , asc sa-s " n

so • 22-17 IH 8!~ " \ -97 ,.
10·00'-1

, 2l-S4 '" •• 1J-6 ae "" s 16,29 " '" " N 18-2, 19·H 10-9 M J9-2 ., 13'2

"
, 12-80 rc '" 5H " )6'6
e 18-46 10-2 na asa

" '"" s 1)-04 " m .. ., "'a 15'06 " '" "' a 23-8.. s 7-57 ., U, " H 88'5
n !J-n 1H ., " " 8%, i\\\\.,J\\.l\l;~ '"\ -\ I rs s 14')1 H-O m 24-6 .. 11l-2, ,6,.7 12-2 '" 56-2

"
1B-!

'" s 17-l~ 1)-4 '" ., H ", 21-'1 19-9 ". N ,. 51'4

" • 20-38 I ~'l ';0 12-8 " 1l'6

• 2+-5. 11,5 '" a " .,
'" s 2~'18 19-8 ,. N, " 2J-l, 24'18 " ,. M " n,

S~,"rl.",,: B·bottom.

'-"-""

from, particulate Lron, Man9anese, Co~r
V. N. SIINKARANIlRAYANAN & R. STEPHEN

and Zinc in Waters of the COhin Backwater
{19'1R)
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Table 30 Comparison of doto_ from di fferont ore08 ..i th respsct to Cachin

Co",••~"b~ O. PR'''''"'
llang<oo or <one. ;n p,...n' otudr (~~U'rt) V.lu," (!'il"'''')

"'PO"",, ....1;0'

11;1..1;86

ij·8·5-9

2-J·UH

0'9-13-1

H-83-6

MA'G"'~"."..,
12·5·ln2'1

eo....
:N·'s
1.~5

11-1+8

0-5-12
1'7_1-9..,
211·35
0-8·52'6
21_38

1-3-41'6

2-8-4H
$-5·42'4

Porto ""0",, ""'ees'. H;poc l"'''l<ul'''.
"""""n....tinn ,., "'. bottom ...., 'oporlod

WalO" ""'un<! C<>o.'. H,gb... , .... _D·
...tioD o""""od "..rib.te<! to tb. M;mng
op,mlion In "'. a....

wa.... 0' Bono"";"
Bfjt;,I>. "",,,,01 ".-at....' .nd Porto "ovo "-ate..'
w~.... of Goa'. HJgII '0...... bas ""'" .~pJajn_

od .. & ",,,It or mlo", "'limy io lb.....

Wa.... of E'.~ Chonnd" and billh value
b.. -., ~ttrihote<! '0 Ia.d d..iaar

Sall In. Chonne!"
!l..p_ Su ~._u

Av. _po: .on.... 1m ,;".,. ODd """"" ..-......
5 and J _UI"<I}""

Porto 1'<".0 ..a •
A..bi.an S<o. ~ '

-")' .....,..,
s..pooo 500"
Qr<sot><l". H;gI> ""Iu.. d•• to tho ;"au....,.

of ..__ d ......

ll'itioh .,..,...w ",at",," d.. ... \ .......ri.1
OOIltomi..tinn

Goo. ..-a.....
A...b;"~ Sea'

From: Particulate Icon, Manganese, Cappec and Zinc in

Watecs of the Cochin Backwat .. c

V. N. SANKARANARAYANAN & fl. STEPHEN (1978)
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Table 39 , 5urfoce &8llples of mercury from the Indion Geeo"

Longitude Latitude Date foI"reury lieight of
ng/l Suspended

Matte,.
p.g/l

18055.5'S 600 4 0 . 0 ' E 1972_8 Nov. ao U

ce 33.~'S 78 l1.0'E U Nov. ao aa

ac 42.5'S " 08.5'B 1973_10 NOV. n -

" 24.0'S " 15.0'E " Jan. io as

as 24.0'S " 45.0'E 27 Apr. ra as

n 35.5'S sa 35.5'E s Jul. as "
U 46.0'S " 37.0'8 i '" i i i i

" 47.0'E " 54.0'E ra Jan. , H

oe 57.0'S ee 50.0'E , Jul. ao M

oi 17.0·S ea 37.0'8 , ~, " rs

os 34.5'S " 55.0'E aa Jun. n n,

oi 44.0'N " 12.0'E aa Jun. " "

From: Observation on the Distribution of Dissolved
Mereu>::y in the OCeans.
D. GA~INER ~l965)
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Tobi.. 40 , Mercury concentrationa in ""'"" fish from the Indian
Oce"n (.ug/g)

species Minimum Mean Maximum

Pomfret rs 16.5 aa

Seerfi"h , 12.5 "
Skipjack e 65.0 '"
Jew Fish rs 19.0 "
Sardine , '.0 ,
Eombay Duck ae 35.5 "
Catfish , 35.5 ea

'0' , 14.0 ao

Ribbon Fish , '.0 i a

Whitefish , ,., ,
Mackeral a '.0 ,
Sole ia 14.0 rs

Cuttlefish , 23.0 00

Lobster rs 37.0 "
Edible Oyster , 12.5 ae

Sharks " 40.0 ez

Shrimps s 10.0 ao

From, Easeline Study of the Level of
Concentration of Mercury in the Food Fishes
of Bay of Eengal, i\.rabian Sea and
Indian Ocean.
v. D. RAMl\MURTHY (1979)



from shdi~q dOM _,long 'r,~ wcst cn"st of In~i" from I'.ombqy to Coel>in,
~one~n'r";nns of mer~ur~ ~t diff~r~n( ~~pr~s ~r~ r~co,d~d giving lower ".lues a.
thp d~prhs iner~.~~, probabl~ ~~ " r~5LJH of ~rl50rption 011 to pBrticLl1ate mau.~r.

Apart from off Cochill (at stat.ion ~26 in fig. 7.1) lhe qverqge ~oncentratioll of
mer~ury pr~Mnt, 77 ng/l, ~pp~~r.. to rorrMpr:lIld with ~lnhql valll~s (Atl~lltir

nrpan ~.~_??~ ng/1 Padfi~ '2_1~~ ngll, ChillQ ~nd J~p~n 5£"" 6_51 Ilg/11.

Tn g~M,nl th~ Roy of Rrng"l is mor£ pollutrd by mrrcur~ rt>an th~ Arabian Seq
~~rrpt fo~ the "~gion ne3r Ilomb~y and Thana. The me~cury cont"nt of thp
w~t~[ co'umn e"';m~f.p.~ "lollq T~An~ Cr~~~IPombny fl9rbour !fi~ure 22~. gavr" voluE
of ~bnu( 7~ k~ in P~C~55 nf f."~ ~~r..et.e~ h~rkQround cOLlnt. Mercury
rnnccnh~hOIlS in sediment. f,om ~T 'oea'.ion. v~rl ..~ from n.p o.?l pp", I~ry

w~ig~c) (~~" t.b1M ",-~,). n,P "ig~es' v"u~~ wprp. found in t~e rr....k r~qion whic"
s\lQ~ests ~ subst,n'i~) input. ill thi~ ar~". Ih~ m~ccu"y ~nri~k~d )9y~r in the
Mdimrn'. rOrM (flgure 1'"1 hqs ~bou'. Ir _?5 l:"1I1 in lh~ c~~ek '''''lion 9nd r.~ em in th~

k"rhoLJr ~re~. ~~su'ts nbhinpd f~n", "'rnunrl '3m"b,~ ~t r"",n~ ~nd C01AbR mark~'.5

skow t,.,~ breill of figh r.o "Cc""""'t~.~ ",nr~ m~r["U~y than the muscle And the bon~

r\~bl~ Ml. ~·le~5uTem~nts of m<oTc"ry conc<,ntrntions pres~nt in til" Laccadiv~ $'-2
"",rled out. in "",eh "pr., show value" r~nqjng froo 45 ngll to 2£'4 ng/l. V8lu~s

In"·reqs~ from rorth lo·sooth and d~crn~s" offsh:J,~. Loceltz~d high spots prnb~bly

~rise rl"" '0 'M~t>ing from mercu~y c~rTyinq ~ocks.

Along th~ co's' o~ em, 5"~WCC~5 w~r~ monitc>,~d ot 0; spots. Tlw ep~cim~n$

show~d en ~bi\Hy to b;oeo""e~t.c"e and aecUlTIU1~tc '.ne.. mph!a euch oa cob~'t,

co>pper, ir011, m"Il'p"C~~, ni~k<,!, le~d ond zinG. R~euJts of a stUdy of t"to
"ff,,~t.s nf diff~rPllt mehls on S"~W""d5 of the Go~ co~s!- ~ro seen In table ~5.

Sam.. VR'".,5 fo~ ""n,,~ntratiolla of tr~cp met.als zinc, copper, m~ng~nea<' 'nd Iron
ill fish, prawll ~lld rrRb Rr~ se"n in t~hle 46. T~o pff""t.s of tu~e ",~bl

"","~~"tptiOIl" Oil differ"nt ",.rin" or~."is,"s nlong t-,h" ~M"( of IIldi~ Rr" """n in
tab'es 4~ anr:' ~H. ~onc"n'.r~tlolls or ~opper. ~In~., mOllg~nose, ~obaH, iron
Rnd n;ok,,' Werr mMsur,,~ 'ill p"rti~ul,t.r ~nd dis"olve~ form ill ~.ke ~cabion Srp.
Gen",~ll.y dissolved eoop~r shows a r:!eCTen.~ ~ith depth and psrUcul"t." copper en
illCr"~5~ at mir:l-r:Tepths. High VR'U<'S "to incr~~s"d daptha are due to ",c~u..ul~tion by
orqani~ms ""d 5~d\ment.. "issolved iron ~Ild ",HIlQanese show"d ~ noticMh1e
lncre~R" "~<J"Pth,, of 5rPm. Iron ~"rl zinc vpTU~S ~r~ "\Qh~r n,,"~shore due >0 ~oastal

illput; nickel ""d cnb"'~ valu~" were low.

From "doher· '977 to S"pt~mbrr 19~P, che~~oqn"'." feUM w~r~ atudled in
~hr Oombay rrgion ~, rhe~~. Mql~, Bomb"~ hsrb~ur end V~rsova. ThE m~~lmum r:l~nsity

of chentDgn1tl>s ..pr~ roull~ in th" pus' monsoon p~cjod ~n~ rhe f1uduetiolls in
popul~tioll and sp~cj~s drn~lty werp or~~t~r III thp pollu>pd "re~. 5~glt\~ b,,~"tl ~'s

moat rOlTllllon of t.h~ ~"9H'p ~rE~I"s pr<'~Ent.

Tn P~kis+-"n, in~ustri"' d"v~'.opm~n\ is advsnEinq rapidly. '10"" th"n
h~lf th~ coont.~y'a jndust.~y ie sHu~t,~d ~round ~"~"~hi which hes " population
of 4.5 million. S~...aq" runninQ througtl ullC"",entcd d~aiM and Hnking wit"
blglJ<'c <1rains cont.aining lnd.... t.ricl eFfluant pll dis~hg"gp. into H,e 9"~. C~spile

th" laws !>gal"st. drnplng deng"rOU5 jndustrl~l w~~t"a. lpcal hr'.prles still
,el~~s~ ,-",tr~"t"rl mercury, lead ,,,,"'pounds, chlorin.. "nd "ydrochloric "dd inr.n t.ha
dv","s. For e"""'I"e, W'". of t.1l» ~onh.llin~llh 'in th" w~9t" ~~t.er flowing into t""
~iv"r Lyeri. com" From tt>e loc~l F9C<-OrioS. A['I) voluee of 1,2""17 t.olla/r:l"y WHe
obt""n~<' hom "fflu""t froo '<"scach; of w~i~h ~~.~" were fro", industcia' W""t"s.
'bout orr illdustries ar~ aitl.k~t"d here conprislng aH""ntary pcoducts, mete' "nd
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Figure 21 Some " .. lues for "",rcury concentretions along the ""st const
or Indie
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Table 42 Mercury levels In wat,,~
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Table 43 : Mercury levels In sediment
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Table 44 Herclll'y concentrations in selected species froo Thana and Colal
(In ng fresh weight)

Colabd Thana

Species Muscle Bone Muscle ~". a••

l30lllbay Duck 3S!:1 122-2 48-2 92-2

POtnfret 92"t4 189-7 124-6 20S-4

Lobster 177:t8 - 207-7 -
Red Prawn 161:!:6 - 180-7 -
Salmon 113':!:4 297-9 109-4 254-3

Dhoma 56-=2 137-6 67-3 111-2,

Sardine 77-3 121-2 66-2 133-4

Shark 172-8 318-12 160-6 389-14

!'rom, A Preliminary Survey of _rcury in Fis"
from Bombay and Thana Environment
8. M. TllJAM. & B. C. HALDER (InS)
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Table 45 : Trace ...etlll concentrations in the seaweeds off the Goa coast,
India (ppm dry wLl

T,,,,,,, M,to' CO""",''','''" '" ,be S,,_d, of (;"" Coo" ,..,"" "P"""" In ppm!d,,· ""J,hll

Sla';O" 51, No., N.me of 'p";" C. c, C. '" " • ~

Chlpo,. I. En'",,"'"''''' d.,h",.. !S,U 30.1) U92-51 26S5,53 JU5 9.17 1l.5S
2. IR.. ",",um" lO.,6 In, IJ09.23 1121.04 39.00 n.'6 S.S9
3. G,aeO."a """uco," 14.51 lHI 1076·17 J420.-% , J.51 ~.59 11.74

" Anj""' l. Coul...". ",'um,i"id" 4.3l l.Ol 511.50 108 )),02 14.9 11.01
1. til"" /.",,,,,. •.01 6.10 7l/-'" 1l1.2~ 9,61 Il,24 2l.BO
l. mely_ "". 9.2. 5,a< 7Wl{) 94-71 9,31 9.l1 9.95
•. p"Q,.. '''''''''''''''''1", 4.35 2,R6 10003 344.20 10,31 2,9' 1.00
~, s_""m "",,,!m"m 1 ,9l 4,53 411,9J 79.BI '.Jl 34,73 HO
6, AC""lhOpJ,,,," "",,;/= 1.,~ 8<1.41 490·61 90.12 1l.61 6.01 1'-61
" G",e~.n. ronl"". 7.n 4.53 564·% 144.86 11.03 "00 12.27
So Hyp"", ,"u",'/o'mi, 6.01 6.55 615,a1 96.5J 9.oJ ,.~ 11.7.

ilL llzga I. /J/lho /.,<..,. S.5a 1-30 153-4. 101H5 1.01 16.04 l.7~

2. DielyO'" "p- 5.~~ 10 Jl lB4.94 15J," 8.01 16.04 1.la
l. p"Qi"" "'''''''''''''''i", i-l' 4.0) 657-BI 510,65 8.51 10 89 4,47
4. SIV~,,,,m 'mom",u", 7.92 5.7~ 128·09 41.61 J.50 12.61 IUO
5. ,4",m'hDpJ",," ,,,,<i/_ 7,1. 12,5Q 238·8! 6HI 9.51 8.01 11.80
6. Gro<"""" "",Ii",," lUi ,.51 161,91 IW,19 6.00 9,14 3.69

IV, Don' !'low. l. Coll'O'"""'. d""o,. 10.56 no, 1196,22 25S.15 23.03 10,06 11.48
2. J>lorJ'OP'''i' "u<I",I;, >.03 ~.1' 6&\,)4 13l.51 lUI 20.97 2uo
J. Diely<>'" "I' 2,64 j 2.99 ssaes '00.,9 Il.ll 14. , '8.'9
~. /'ddi""'"'''''10"",''''' 5-07 6-70 155·66 41a18 ,a.JJ 2~.31 )),10
l. S'<K1l""'" """""'Um 4.88 8.% 451,11 140.55 S.7' 14.55 ,.
6. ,4<o.,ho~ ",'ri!'" Il.20 1-40 1%.11 344.16 14,12 11.19 1l.8<I
2. Hyl'"'" ""'«!form;' 1,84 S.l6 719.74 23S.,9 un Il.110 10.)6

V, cab<>-d"'~.ma I, OIukr". ",/t.'. 9-6, 12.59 15%·86 136.14 10) 19-48 lal9
2, Cod;,,", <longOlum "" 3.82 680.92 7242 lJ.J2 12,95 ll.~'
3. Dle,yap'"i, ".,tro!;' l-l1 9,72 491.5' 11.9B '" 14.>5 57...
4. /'ad"'" ..tro",,,,,,,,,;,,,, 4.61 3.11 J~8·51 lOHl!I ~-Ol lJ.15 9.18
5. Sa'P""m "",,,,""''" l-l2 J5.46 nOAS 4).02 6.,1 )),48 Jll.49
6. Sp<!ln.,ponum "1""''" 1.9~ B4 lJMO 15.09 "'" 18.)4 14.55
7. StoITho"",mu", "'..._,"'" l.94 1l.60 S68,16 84,61 15.32 191.52 20'.~8
8, A",",hopho", ",'ol/m 1.11 0-45 1012·14 ~~.10 JJ 02 13.7S 28.11
9. (.'",""";'''''''''<''. '0.95 9.n 1028·61 159.91 J4.12 IU8 15.21

From: Metal Concent.-ations in Some sea"",eds of Goa.
v. V. /\HADI, N. B. BHOSLE .. II. G. liNTliALE (l978)
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Table 46 : CDn~entr8tian8 of 8~e tr8C!! ~etele in
and crab (;.gIg wet weight)

fish, Pl'8.... ,

Organism zinc Copper l'Ianganese Iron

Fil'h 9.42 0.66 1.41 11.50

(Arius species)

27.17 2.30 1.130 3.00

30.55 4.35 3.74 -

Prawns
(AsGeUs indius) 11.15 11.20 - 15.00

C,-"
(Scyella serreta) 83. SO 23.60 4.76 295.20

60.70 34.00 - 114.20

Sea Water 14.54 5.50 2.713 9.90
...""rage

From, Distribution of Zinc, Copper, Manganese end Iron
in Bombay Karbonr Bay.
V. M. MATKAR, S. GANAPATIIY & K. C. PILLAI (1981)
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hble 4B : Trace metal concentrations in different marine ol'l],oni"",s

!.<>ca'ion ~. of mct.k Ippm dry wt)-_. nO L""";on ~"" of mm). /Ppm dry wi)
~ Co ~ "" ~ Co ,. ••MARINE ALGAE

FISHES
Uio. j.,,;.u.

c.n.!"':" .....~_! (Dog fi>b)
Vag..., " IN 2H '" c " 2H 17·6 W-6Anjon. ,. ., IH .,&,. , 10" ,.. " " /0.• IH .. .,

C'~I''1'' """Iori,.,,,, M..pl !'on;. (G«y mnll<l)

V.~..o, ,. IH " '" • ., .,
<H 1'-9• 12-6 11-5 " .,Anjuna ,., .., 1H m&,.

"
., 111-1 ", E""fI" ,."" ..,;, (....d -"

"',",""'" ,....;..... • ,., .. '6·' -c IH ,n 5H -Vagal., 10'4. 20" 3H .,&. ,., 27-1 .0-2 ", 1I.'''dr;g.. "''P'" (M=..",IIDon. Panln 13-6 '0-1 40-' -586

" ., lH "'
,.,

F"';" ,,,,,,<l.....N,.
CRUSTACEANS & MOLLUSCS

V....., .., " 20·1 '"... ,. 12-1 31-S '" C"",........ , ...u,," (Smoll "Y"'...l
Do," Paul. , '" ••• ...

'"V,,'WT s m ,.,
~-

,.- "W' ,., m ... -
M"'ama< " ", '" -

D'n. P.ula ., 12·9 37-9 ,,, Dona Paul~ ., m 261. -Sh;rid.., ., 'W ,", 1\.,
H7P." ..·"·r,,.." .- •• ... •• 17-5

V__

" •• 5D·S ... C•• ,,,,,,,.. ,ryf>Amb. (E<!;bls .Y"...I·w· , 21-1 '" " Chopora ., ,.. '" -Dona Paul. .. " "' ." ._- ,. m ... -. FJSIIES N.""" ...."",. rr;g..- P'~wn)

1-.1",.01'•• '!"""'.., (>JIVot b<llieol • s.a <Sol ,.. 21-3c IH 21,) 21-5 H·9• O. n 30·6 ,.., .. ,.
"' " M...,.._. _,..;. (1'<.wn)

" r-a ,., zr 1209

" 11-6 "' l8-) -"""I,"~, ""'" (R••y Jew tl>b) _10.", 1<1.",., (1'IIu. ow;m_~ «ob)• " " 30-1 ~c t-s 1106 H·S IH ClI.!"'... 24-11 <5-1 ?S-l -D

" " IS·l ,., c IH 29'\1' 80-2 -D 2H .., ?J.? -Pallo." 4;"''''' (S"'~l .
My/OJ", .;';4/, (Common n'Iusoellc "

., - -
" ,

" - - .... " IH lH -Miram", " 21'0 ... -Po,,/,><, ."".,.., (Pomp..,) V.l..., B ,. 21-2 -
c e-s ... ~,

" M ..."i. "'lIo (Bival....)D " " 21·8 1206
ClIo!"' ... ... 16·1 00> -

L"....... '"......, (lIut'•• rub)

• B. C, D ......,,)iDg ..... (Fig_ ".c " ,. ". ".D ,., n 11-5 "5....;••11. Ibnh""" (SanIinn)

• , 12-2 Il-I -, ,. ,H 11-6 -D ,., ,.
" "
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9.0 OIL POLLUT!(\N

'I. I Tnl". roduct i on

Wi'h th~ incr.,~",in<) nuri> .. r and ",Jz., .. of tank~r", trav.,lling thr""'!h the
fndlan oe~"n ,r~a, f~ar of oil Bpltls has aIBO increased. Som.. patha u",ed by thes~

hnkon ar~ shown in fig. 24. In 1919, ~55 ...\lUon t.onn"s of oll "as transpod .."
through f,h~ mBln rout" from 'he ~,r~bian Sea to the faT [est.. (II) pollution risks
i""lu'1~ collisions or groundings of l~rl"n ~9nkCr", on" operatlon.1 dl"~harg.. from
t~nker" ;~ h~lhst. conrlitlon.

T"~ hyMo~.rboos u9ually found in t+e "",en Oc~"n "re. ~ ..h~urr "f
,,~hlrp"~ "nrl .ramatic c,,",pound... Th" ar"""lIr fr"cHorm an u9ually th~ mor~ toxJc
~m r"rely .rls" froO'l crud.. 0\1 spill" Or rnfinnry produen. Sampling frlJlll ~hr top
ro"t~r 9how ~ sroall"r nm"""t tMn ~xp"drd. It. Is ~hl1S ~hot1ght that th~

"ro[Mhrs ~rn p."fr.rrn~;,.lly r ovrd by evaporation, for thos~ of Cl~ and l1ght~r

and dissolution foc thos~ of Clr d Ilgtlter. H"'lVieT 'rartlons or" on."" adsorbe~

onto ~ap~nded m~t~rlals and sink to th~ bottom beJng ,,~ah..~ ashore by haavy wav~

ac~lnn 10 ~onaoon montha. D~~.ad~t;o" and ~baorpt1on ar~ oth~r ~eana by which 011

Is r ..mnv"d.

9.2 East MricA

l)~8P't.e the op~nlng of th" Sua. Canal, the ..ajor taoker routes from
th~ Gulf >0 Europe, "..,ich ar~ adjllCeot to th" hat Coast of ~frl~a, "re still h~avlly

ussr!. "v"r 12 y""rs, 2.1 lndivlrlu,,' spilla of mor" tho" 16C tonn..s have occund
in ~he ana. En"'PIea of thas~ ar~ tt><. [nnerda'-e ~hich lost 40,(,(,(1 9"l1ons fuel oil
off M~h~, S"yd'l"n..s, t.he SI'''''r OC~..n ""'Ieh lost 1~,5rl' tonoes off the
sout.hHn tip of l~ad~g~"nar, th" Zl9,roO ton t~"keT ~lb8haa B "hich exploded and
"",,1< >rr rnll.".. of TAn.",,;a in ~prl1 19~(I and HIp. Tayeb ""I~h brok" up on th~ r~~h in
'huri'.ius I" 1972 p""; rel08sed 200 to""",, of heavy oil. East Mrie" .is
begi"ning to ~~rep~ heavy bnk~.a and hellC" tt,~ probnb1Jlty of oil pollu>.lon
orcurrlng has incc~~s"d. Often, conhllin~tion of ~h~ ["at ~fTicer. Cons' by oil is
rtu~ to allc~a bel"g broug"t In by "0~8t~J eUTre"ts from soill~g... in ~he open ccean.
This' ia ~~ppp.daJ1y tru~ along th.. K""p coast ""'ring the sout.hweBt ",lJflaoon ...,.."
it Is car-r;Ad on!l~"re by the E""atorl~l r:oun>~r CurreM.•

Ci\"·po'!uHnn 1s noticed from 'lIen! "e8<:h in Kenya and northward!l.
Sm.. con>"",inaHon Is note<l at, f<","b~sa, KisUOlU amI N3kuru, the form"r fr"'"
t,,"k~rs "fir! renr.er.lM ~nd '''e letter frOll a d<eeel 9~,,,tlon. Pnor algs1
cOfMIullities ""re seen In the port And ere..k ,.r~!lS of Morobaaa, Kcny" ""oj it .is
posa<.bJe th~t pollution by 01' alteh has put !lom~ restulnt on qrowth in
Klllndi"i 11arbour for t'x"",pl,,. A'gae aw.mt t.o "eve d"",agod some of the coral
r""f" by smothoring the cor~la nfter '''V"!I;on of the "cosyat.eOl probably
trigg~ed off by ~utrop"le condltiona. The aouth coast of Mombnaa suFfars most
from thia 11'1 Ha<ch and June and may ~~ cont"~ineted by 011 froo unloading ,,"d loading
of !I~ips frorn refineries s""" In the 1"ombesa arm" f'ljJ 1s dso found un the
coests from w~"t"a frorn Jnrtoo~rhl alt.os but as yet is no~. a a..rlou8 threat. f"
Hr..nt research progrnllllllea, th" pre....nre of tar balla on t .... '~oeat of K'",ye hea

~::~ ~:~~o::~~ ::co~::~'''~jt~e~~:i''I::~:hlU:';.. ::~~~~ upt:~ J e~c~:~~:t ~~::d. of



Figure 241 Oil tanker reotee thrOllgh the Indi&n O"e"n
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Tn Tanzania, oH pollution ha" bp~n nohd do"" to a reftnery near tho
flo~ting oil mooring In Oar ea Salo~. Tanzania, too, 10 ne@r the tanker route
and "ome da~age to toral raefs can be obaer~~d with ~any of the beaches uhowing some
crurfe oil conhminatinn. At Tan.tbar, values .,f 1,62~ 9 per tOfl aquare yard>;
havr b<-<:n rel'orded and at. Mafi~ 1"I..,d, 1,~S() 9 per H'~ square yards. DeposItion
is rfrpmd""'t On th~ pre~oiHng winds snd currents end i" higl,er during th"
s.,uthwp-at mOnscon when tl,e oil i" carrjed by the Snuth EquatorIal Durrent to th~

south...n COMt of Eeat Ofdcr.

9.~ The 'alanda

In "odag""car, a refiMry s~ lematore handling 1l'l!,()(I1' tonnea per amum,
p~ri~iratly ceuaea loc~l pollution probl~". Due to tho increasing 'ankor
ttaffic in th" Mazad';.",e. Chen-n"I, sOllo contaminaUon he" bl!en "een rlong t.he
we"t""n and aouthern coaata .,f Hetiagaacst.

Tn "IeurHius the deQree of 011 pollution hes not yet bec<J1I'Ie alarming but
it is a t.hr""'. "ince t.he breakUp of two shipa near Msuritlus in 1972 and 1976.
In 197B, a m""a of tar balla eppearNi off t.h.. Mat ~oast of Mauritius ,,~rri,,~

in by the S.,uth [quatoria! Current. from e al id< in ~h" open O"Me but no ""riou.
dam""! .. to flnro Or f"un~ waa noHead. r"""e is atao aane co"""rn about. the poaalbl~

spills in the fut.ur" near the sit." of a new oil refinery b~ing s"t up on t.he west
eoaat of Mauritius.

Some contamination of otl fram tho washing of oil tankers has been "een just
off Colo..bo port "H the "egt eeeet of Sri lan~a.

The Saychelt ..a, although fairly dIstant from ,.ajor tank.... routes,
exp<'~i.en~e heavy tiepoaih of oil on t."e northern Bor! ""at ern aldea for e~Slllpl" off
Mah~ laland. Aldabra, too, is aubject. t.o oil "ontaminatl"n Bnd ."""'" fouling by
tar bans has baen noHead on the b""che" of the iSland". AIt~OlIl]h the Roysl.
Fleat ~ux.ilillry, [mard"ll1, "as grounded in the Sey~hen..s aI''''' i" 197[1,

offahore winda csrried th~ M kll alick "eawarrl snd nO d""'''g.. "aa nota<! to fBuna
Dr f1on. The rupture of a s"""'arlne h.,a.. ~auaed a Spill in February 1979 but.
deapHe the oil blowIng into the South [as' bland ~o~'" "ind and wOllO aetion
dIspersed it and 8g"in no d....age t.o sp,,~iea was noted.

In KiHon, in '.he bccatihea, th.. canker 'Tre""huron' waa gro..,ds~ '0(,
k.. from te.e .."inland island :ae" fig 2~). On the "outh"ast rO~ky "hare, roek
poo's "~d floating oil in 'he,". ~"lId flah, lobstera and creb were saRo "nd fiah
snd holothurlan "ere found I~ter on the b~a~h. In the lagoon, plankton and sea"eed
were found de~d. ~ue to t.he I""k of ""yqen and turbidity, both pelegic and
benU'ic spertee were kll'erf. The hermat,yplc cor,,'" ....re badly hit and fishing "as
te..porHlly bAnn""'_ Tht'. ""s. "...,ast was contaotlnaHon free but on the "",at coast
tar-11k" m~teria.la "",re found ~_lr em drep in t.hc beach hgoon.
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figore 25: Sketch of site of 011 spill from the ta"ker
Transhuron and the affected ..rea

V 'Transhuron'

hl""d

Oil
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9.4 Th~ A"iat1~ Sub~ont.in~nt

Hnny studies on the prM"""'" of oil h~ve been carried 0lJ't along the
Indien coastline. figure 26 end hble 49 show the presellCe of 011 s11cks Hound the
asiatic subcontinent. In June 197', the M.1. roemos Pioneer broke up near
Porbander on the GuJars~ coast of nort-hwest India. IO,UCC! tonnea of LOO (black
oil) wes rele~Red into the prevailing southwest monSOOn. Ihe 7r·Oe kmifh .. inds caused
the oil e1i~k to change dire~t1on. Tho shape and pattern of the "lick we"
dependent on th~ tide and current. 7C~ of the bernecle populetion wae killed due to
an oil coating ~nd oil on +,he thallus of p'sn's alae caueed d""'''!le tD the fl.Dra. The
011 becsme 1"S8 viscous w"'~n warme<! by the sU<lVl1cr sun snd ran over new aress
contaminatinq more plants. The loc"1 fish wer~ reported to hsve a diesel teint. 5(1~

of the top and zs-~r,,;; of the sldes of the rock ..ere covered In oil .. ith up to 4
cn-det'll oil. in rocl: pooh. Th~ '"",er and middl" ~roa9 of '.he coast .. ~r~ not so
badly ~ffectecl due to being "onshntly washed by the weVM.

Ter-like mAt:eri~ls, fiI'st seM. In J97f "nd incr~aslng '_s t.i ..e~ ~ince

19~1, ere becoming" co,"""", sHe on b~~che~ In lnclia. ~j1 ...stes and hI' baTls ..ere
four><' foI' IrQ k.. elong the Goe coest (s,,~ teble S('). In !'1arch/~pril of 197r, a 1
yeer inveStigation Dr 24 b"""he~ began, "oi""ll!lng with th" stert of wind in
t.he "09stel directiOn. Jar bells l_lJ IIfIl in diameter "",re fOlrnel floeting In the
wat ..r. ~t low tide deposition ia lese snd at 10.. and mid_tid" they are transitory
M the t".. balla t...,eI to "o"".... tI'ete at high tide "nd slrprstide level. Sand and
I eaVeS found in the hI' bella lndi"ete that they have be"n on the coast and s""",ti ...e~
..oved slang the coset, for "'<1""1'1" from e .."ngrove region. Polycheete tubes and
terHel!a ehelh ~h"", how fer fram the coest they cen be, probably neer
coes'''1 Ship routes. ~lg,,~ and goose bernacles growing on them sugg"st they have
been eround long enough to beeane "substratum (aee foI' en.nple tabl .. 51) • .1n
Fcl>ruary 1972, conumineU"",."s sern to a 1U m depth. The in"re"se in the
lndian ahipplng fleet "Ou1d ....count for the l""re"sing "Oncern over the
problem, In 191>7 th...." w"re 59 ahip" ",ith e gro98 tonnage of 1.92 lekh' tons and in
1'17S, 2~9 ships with" gross tonnage of Z6.t7 lekh tona.

Th" sit.. of con!,amlnetJon is d."""d""t on currenta. ..ave action.
configuration of the beach and the lev,,1 of degrad"tion. rh..s~ .."tel' lela
probably eriae from tanker w"shlnga and lnt"r_tielal rlisc~~rge when no accidenta
are r"P"rt~rl ~n" the ",-,antHy Is too latge to be accounted for by naturel s .....peg...
The Mat "oast s""'Plea-a.."," tn be O'Iore "'''sthered aa Indicatl!d by the laI'ger
percentage of aepha}t"ne ~ha! they contein.

"i1s oft"n affed organisms by coating the gil1s and henc" limiting the
o.ygen e.chang~ ",Uh the surf~ce. lnge"Uon of V<1la!ll~ peraffin. oleftn """
aromst.lc hydrocarbons can cauae functlonel alt"""tlona. Certain atomatic
consti!uenta of oil prn carcinogenic. The msjocity of th" to.ic conatituents are
..o+cr SOl ubI a and volati'!e and are thus qui.ckly lost. unleaa th~ spill ;s
continuouB or e.tenalv". nn the Indian "oes!, of the ~9 bea"he" studied only 2 were
not contaminated with tar balls. On the west coast. deposition atacts in Hay/June and
on the "sst cosst, in DeceMber/January ",ith the s'nrt of t~e sout""'"at and north~eat

..onSOllns resoec ti vel y •

flff the coast. of
petroleum hydrocarbons
oou~h ....re found to

-,--------

Goa, measure..ents w"re .."de of the concentration
in water, pl,,""ton end sedJ ..""L Surface values i"
bl' higher than those in the north """'ling frllll 16.P.

~._.. --



- tOt -

riglJre 26 , Reported sightings of oil BlIcks in the IlOrthern IndlBn
Ocean
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fro.. , Pre"...,t State of Oil Pollution
R. SOl GtIPTA & T. w. KtJRElSHV
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(19~l)

NOrthern Indian Ocean,
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Table '9 Con"entrations of petrole'" reetdces in the northern
Indlan uceen

A b" Sra 1an eo

Oepth Number of Observations Mean Range
{oJ (Jol9jkg) ()J'J/kg)

o as 35.5 " - aas

ic " 30.6 3 - 217

ao rs 29.4 2 - 112

Mean of all values 32.5

~, 0 nga

Depth Number of Observations Mean Range
(o' (l1g/l<g) (pg/kg)

c " 29.1 4 - 229

W " 25.1 2 - 147

ao " 17.6 ) - "
Mean of all values 24.1

From, Present State at Oil Pollution in the
North Indian Ocean
R. SEN GUPTA & T. W. KUIU:ISHY (19Bl)



Table 50 Oeposition of 90me Oil along the west coast of India

, ,
DEPOSITIO

~~j
••••

MONTHLY

..,.
O_&1I'l1l.E·
C1....... N GUk.lQUT...............,
1;]••-''''

"
•e.c,

1,,:>"

Map <hawing o~,t,,·"tian <lation
PMi!io", nlnng tb. we" co",l of
l"di.(IGOSS)·

,~

I,

I

".

From' Deposition of Tar Balls (Oil Residue) on the Beaches
Along the ~est CO<'lst of India (1977)
V. K. DHARGALKAR. '1' •. Ii. KUREISHY Ii M. V. IlH1INDI\I'IE
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Table 51: Characteristics of some lar balls found along the
lIldian coast

,
SIIntMary aJ lh, $""'y sho"'ing depo.i'ion or dijJ"e", ,id. 1,..1,

I

! ". Type of O.posilion (g/",.'I 01 di!ftrenl
Slalion lid. lev.l, RematklN•• beach.

EHWS a-n, Mn m

, Porband« Opon sn 2.28 31 ~) Wave aClioll very
'high

z Oded.., Opon .eL 230.~0 !/<l.CO 15.25 BeLch gradient very
SI"p. Al~al &'OWlb
on Ibe dopo,i,., Coubara Eituafine 750.01 237500 630.00 Plulic: bead. embed-
ded iD depe.;,.

• Velav.l Open soa ~.30 165.50 1.73 Gon.e barnoclu
(LtpQJ Ip.) en cnal
tar lumps

s Pr&bhu. Opn Sea 6.25 15~.90 3.2~ 0,72 Plutic be.ds and
puuam (LqJal sp.) found
Somnuh aslociued Wilh

deposilion

• Dum... Esluasino l.O5 15.25 Tncel of ail-film ;D
Su",t influeiice Ih, iDLenidal ",g;on.

EHWS Enrtmt HI&h W..lot of Springs MTL MId TIde
HTL High ·TidcLevel LTL Lew Tid~ Level

Form, Oil Pollution Along Gujarat Coast and its
Possible Source
S. N. DWlVEDI, 6. N. DESAI, A. H. PAAUL£KAJl &

V. JOSANTO (197~)
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Th~ fringing """'gro"",,, of Coa ~r~ polluhcl by oil no'.ably frOlll ship,
b"rg~ and t.r"",l"r "ng;n"... Potro!, d;~,...l a"d motor oil ..h"" ..;gnifioant advers..
"ff~ots on grow~h and survival of so~dl\ngs. Avioen"is spnrles sr.. ~ore s .."sitivc
than 'h" Ohizophora. 5onn ..r9h" species i'lRve be..n dMohat...d npar nsphant"
'alend, Bonbay .a • reault of fr ..quent orude oil "pJ\lnge. Th~re la danage to both
leaf ond "DOt, '.he lot.ter probably by cl"'1glng of lanticrla and air hole" of prop
roots. What slerts ss .dverse gro".h Is oft~n ulti~9t.e dnath.

~ survay of petroleum hydrooarbon oonoentratlons in the sh~'f region" anrl
adj"""nt .mt..rs of tha ...,,,t ro"st. of lndin """"ed re"uHs s"en in fig. 27. ~t tl1..
surfacp., varuee r9nq~d hom 1\12_~.44 ""J/l. ron ~"""'ay t.h~ resuHs ..."re among"t
the high....t as • reault of th .. bU"y pnrt end indu.'.rla) ar~a, and th~ prolllliHy of
too .r"blan ~a" tAn!.:"r ..nuh and IIMboy High, the sHe At .miol> petroleum
~xpl"f9.ion ia undo.."ny. Stu'Hes nn p..ob.bl .. 0\1 pAtoh "ovanen~ from a
hypothe'icAl spin tlsv~ bl'en CAH;~d out ~~ th .. fI""'boy High ..egion s.,., figs, 2~

~nd 29 ~nd t~ble 52. Th.,e~ ~r., an ove..ell view and "ould be ~ffect~d by any
reaidual changes in "unent awl "ind bu~. jt i" encou..~g;ng to n"d ~i:u~;,a bcinQ
made before ~ny incich'nt. ha~ occurred.

Aoco ..dtng to studics "ed~ in 1975_\976 on baachM In 1.ndla, oil
contamination h89 decre8sed by ,~~, the rpAson given be;ng ~hc dee..eaaing numbe.. of
bml<e.." gnlng rh ..ou'l~ t~a ~ra!>ian <;"n ain"" ~.ha op~nlng of the $ue~ Canal. \ lot of
the 011 pollution oeeu"rlng along the bc~ehe8 is" r"sul~ "f 'he southwest mon"eon
ca....y;ng spills to 'he lndlan ':08at. from ~hr Western Arabis" ~"a.

A pet ..ol.,,,,,, cOllplex ,,!th a refJnery Is "Iltmred on the East Coast of
lnrli" at Mon"ll, 75 k.. fr<n l1~drea. Pfter treet",~nt of the "aste", moat of the oil
hoe been remO'led and as yat no " ...ega to fauna nr flora has bepn noted.

Pnlyu.."thenr can be used ror 011 "lMn-up techniques end e~p"ri..""t" in
Indie have s~wn that a 'oesl brsnd oan absorb up to ,r~ of it's own ~Ight .n<! br
re_used once the 011 ~~s bean sou~zed out of it.. nil diaoersants ar" "ore cPhIIDnly
U8..<1 to AU",npt 1,0 di"J>!"rBe ni' s'i~ks but "f"en they are fDUnd to be "Or~

'.ollic th,." the 011 "Hel< it"",1f. " ..suI's of some labora'.ory e~p~ri..""ts sf"
"ha"n l.abl" 5~. Mor'~1 lty US".: Ii u"_unr~ within 4P hours sft.~:r .mj~h, survival
indioat...d ,,<1npht;an ~a '.he ..nvi ..o...ant. "fi'h I-h.. ,"usse', ,,~ceBsiv.. ,""cue
e...,.~.;on, hiture to fo .... "..... byssal ~h"eBds and rrrHaHon o'f the opithelium
was notic~. With ~h" p..."n, ..~vers.l WAS "ossibl" if tha apacim"" W9S trAnsferred
b3C~ to clean ".I-er but it rl"p~nd"d on tho ~isprrs.n' It hAd been in. Dispersants
., ~ And ~ ,,~rr ..orr toxic th~~ 1, .Ithough all of them were tOllie to some elltant the
A..O,",·no 1', ... "e;.ng 'he II10S' ',AXI". Th" dlsper"ant" ""'T" ,,~..n to bc l"ss to~j~ .me~

.. Illed "i'h otl ~d aTe ..o~t "ffo,,'ive wh~n used on a 1,1 ratio with the oil.

~lthough hy~..ocorbcn degrading bac'ori" counts studied in the Eestern Indian
~c..en indicat". the p..ea"nrc of l" ..go numbers of thero, no eor .."l"llon "as di"cov.... pd
be'''''''n their preaeno" and the pre""",,.. of oil. ("1,0" ~he volatile fraotions of the
oil er" 10et it ie in " disp"rs"et stal-" readily svai'llbl .. for the bact"ria 1-0
deg"Ad". O,grddaUon is a slow p..oceaB And onen ta..ry residua Is seen on
r""ks, .... tHing-birds and baa~h"s h"fo~" the bact.... ;A havr a ohanoa to degrad.. the
oil sufficIently. Ne" "'.ar I"nez bacteria" a.... being invPBtlg"ed in Gna ""I"h
are reputed to have an aeoelerated bio-degradation capability.



Figure 27 I Concen~ration8 of petrole.... hydrocarbons a~ 10 ItI dep~h dong the ..
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Probable "''''' .......,ts of an oil patch

, ,.- ,,- ,.-

Table 52

• ..... '.>"""'.0<>0
~. ,.." ....,

-t
'"
./ -

- T'>j«k>rl.. '" ";' opIIlo """...... ... dilfntont••""tI" of .1>< y.... [1'11 ""l""""" 'h .....".40< .........
J••u...y to Th=mbo:J

Ti.." hken for oil patch to reach and affect the coasHin

Time of Spill coastlim. thn.atened •• • ,... Interval Between
result 0< spill Spill and oil RQaching

th6 Shore
-- - - -_. --

Early Karch No threat -
Mid Harch ,= South " -., ", days
Early April Around Karwar " "
Mid April Around Ratnagiri as "
Early May 70-80 km South of -., aa ,
Early June Around Bombay ac ,
Early July 70-80 km North 0< Bombay .- ,
Early August Around Bombay , ,
Early SepteDber 70-90 km South " ,-, aa ,
Kid Septeu.ber " thr"at -

From: Probable Movements of a Hypothetical Oil P!ltch
from the Bombay High Region
A. D. GOUVEIA & P. G. KuRl!P (1977)
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Tables ~}a,S}b.54 [ffecta of oil dispouanh on crab end IllUggel

LC .c ••lue. ;. ~,een mu"el. Cnnccn".ljon or di,pc,sanrs ,"
(Myl//us ,/,Idls) .f,er '", " ,,~i.~ 0%. .' ""' 100%,.
• nd % hour< expo,." or dill''''' mo".li'~ w., obo<...d in MJ,rl/us
reol di,pe"anto. "ifidis .n., 4~ ho"" of ..po,u,e.

Dj...,..., l4 hi LC 10 <i b, LC So %h,LClO
l>~p"..n( rc "~. LC-'"% i.C '00%

"m oem "m oem '"' -, .W >"
,.. , >W oW .W, 0016 (1.09 (1·09 , 0,015 ,,~ G· 16, 0'O8~ 0.G79 0.019 a 0·04 0·079 c- ,

• (1·(19 (I.O! U.O~ • n-• U,li8 .',

Db,

Di',

From, Toxicity To.t. of Oil Dispersants on Somo Merino
X. N. vtRLENCAR. N. B. BHOSLE & A. H. PARULEKAR

IInmata
(1977)
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In Pakistan, the Hano~a Channel end backwaters have b....n IItJbJect to oil
contamination particuiarly in the l~e~ harbour areas and eastern backwaters. Over
l2,UUO tonnes af oil ....11 dillcharged into Karachi Port In IgBO. High tide "ar~i..s
ci!_ccnt....I,,,,ted waters up Chinna Creek into the eastern backwaters and hence
increa"es the area affected by the oil. Tile basin is repe~ted nearly bhlek with oil
aOO the degradation products thereof. The incoming coestol .... te~ mheo not only
with the oil but a160 with the outfall wale~" of lyari River and returns theae
pulluted waters to the coostal "reos.

lU.U POLu/HUN rROM DUMlSTlC AW MUNICiPAL SOURCES

10.1 Int~oduetlon

In the ilttor.. l states of the lndian Ocean, most of the effluent from
~ici~al and domestic sources is releaoed untreated into natur"l ....ters. There are
fe.. sewage - treahlent plsntll in the region and ""He they are preaent they are
oft"" overload..d and in bad working order. Shbilization (o'ddation) ponds are an
ideal wa~ of treating se..ag.. as the climatic conditions of the area are
suitable for Uds fm'm of' treatment. furthermorr, they require l1ttle tr.. ined
personnel or finance ..s it is " n..turel treatment method. The 'clean' water obtained
at the end of the l<>gooning systelO ·can be used for controlled irrigation. However.
although It ia frequently planned th have these ponds, the plana are not always
imp1<.nented. Most of the conta.linetion from these SOuroes ia found in the
vicintt~ of eoaabl to""'s. Han~ or the countries in the area depend en the
tourist Industr~ fer their income and it is tt,erfo~e i ..po~bnt that the coastline
and be ..ehes relOain clean. rhe preaence of faecel becteris is used es an
indicator of eewage pollution.

Presence of heed colifoI'll (Escheriohia ooli) and fs""al streptocoooi
{Streptococeus heeaeJis) in water and the sedi ....nt is 8 hazard to health all
these organis"" get ingested into the body of filter fe"der orgaoi_s. bottOlO
dwelling fial>, pra""''' ond biv'ilves and make the«> .....fit for ",,",an cons...pHon.
They arise from "'-'"'an and non-huIIlan hecd lIlatte~ and constitute an 'indicator
bactaria' group. The streptococcus distrIbutIon of E. ooli is more random but
..1th slightly higher co.... ts In water thsn in the snnd.

10.2 [ast Africa

There ara 15D ae~aga treat.. ..,t plants in Kenya but aa population
and Industrial growth increases theae are becOllling insufficient. Kenya haa a
large eoaatal tourist industry and although all the hotels have septic hnks or
_ll treatment phnts the ino~e..oe in their c..paoity has not b n
e(Jllllenaur"te ..ith the e~pansIon ef the hotels. Septic tanka ..nd soak pits ere fo d
on the "ainIand but most of the population use.. pit latrines. The 100st aerious
dOlll..sHo ""..age problems are fOOJld at NaKuru, f'lombaS8 and Nairobi. The Natrobl
city a""age tre"t..ant plant la overlOAd..d and partially treAted effluent enters the
Nairobi Niver whioh is a tributary ef tha Athi River. The 25 y....r-old sa.... ge
syoteM in Homb..ea discharges 1,200,000 gallons per dp~ uf se..age into the Indion
Ooe..... SOl; being pdmsry treated and 20'll seoondar~ treated. The w..stes goi".. into
M""'bsoa Harbour are nel,JtraJized natu~aJly to some e.tent.
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in Tanzania, ..aates fcom Du es Sah.... Tanga, lanZib<or, Kilo",. lindi.
P....ba. Herie. Begemeyo end Mt..er8 uo dl discharged directly into the esa and
hUbour ..ithout tceat..ent. Kurasini Creel< slM Ii.Jnpa ......oge et two edjscent poinh
to Del' es Salae. Hecbour end hence the ares is beginning to aho .. signs of pollution.
The Hsi..bazi ~elley is heavily polluted end is .. ""zsN! to the health of the
..... idents of Dsr es Sdss... Sewage and refuse tceetllent eyet .... s ere pceeticeJJy
nen_e~lshnt and Dften get blocked "'ere they dO exist. Septio tsnks el.'e widely
ulJe{j btJt these oft ..... get flooded in the .einy seeeon. In S"",e11, tceat..ent is
reetcieted to the uee of septic tenks but ie othecwiee not appacent and solid ..aate
is d...ped snywhere.

rhe se..ege syste. in Hoz~bique covecs lO~ cf the population snd the I.'est
use "epUc hnks or pit lstrlnes. PH letctnea ere not vecy effective in tI'e Nocth e8
the "8tec hbla is I>1gh ""d UJey beCOOle s soucce of pcllution S8 in Beira.
Both Maputo end Beico have lU untceated oulets into the eea. Solid ""ste disposal
is good in Msputo bllt the beae....... al.'e polluted by thousands of tourists ""d
townSpeople. (fflusnt fr"'" the ce"hel hospital i" delivered to the lIeweroo .. ithout
ehlocir\Stion. ~ sewage tl.'eatnent plant is under pls""i"9 in loure~o Mocquea Boy
(outlet [2 in figs. 3D, 31s, 31b '31c). The innec bay veluee sre much highec
tl>en the outec bey ..ith C~ end PC !>oving intermediate velues due to ......oge i"flu•
•trld cle..n ""ter tidally entering the bey. C7 ..eh ss a dHutio" pool bet ....en
inner ..nd outec beys. 24S of values inside the inner bay and 36~ .. t ststion [2 are
g...eter then 2 ""1/1, the point et ..hieh euhophicaUon is ellnslder..d to begin.
The lOore sewag.. ther-.. is the ce elltNlphiesU"n will occur and i" the 1""9
....." the bay's pNlduction ..ill decr..e due to ..n..scooie """ditiens of the bolto..
lay.. ce.

10.3 The Isl""ds

IoIost of th.. ""pulatio" in Mauritius is eonc""hated in the indushial
ereo at Poct l"uie end Plaine ....elhe.... hence ,"ej"r ""..er- systl!llOs dieehscge ebout
5OO1/8OIc (1974) into 0 lagoo" on the weat coast of the isl.nd neer the harblluc,
Th..re is capid dtspenel due to high ..av .. action but s ..a....eds pcolifecate and
the decey of these dense ..ets csueee foul odours. This e""esetve growth slong
"ith siltation hes resuIted in d_sge to benthic end coc.l ""osystmls. r ..ecd
coliflll'lJ conhminaU"" is ....e" "" the weet coast but ie et e ..inl....1 level a.. is
the pollution of the civere.

In Sri lenka, cs.. sewage I .. dumped directly fcom Colombo i"tll the Kaleni
River without hesu.ent and fio_ dhecUy Into the see.

In Medag...cer, sewege trestlnent is precticolly non-elIist""t and "lI1icip<l1
....st..s frOll Tenenrhe snd Nosy Illi ore ..erely ",,",ped in the sea oontribute to
eutNlphicotlon in the regio". Uffshore letclnee on stilts st ses or on th.. river ece
CCBllQJl snd the besches end cosst are polluted th..reby jeopscdiztng the tllurlst centcs
st Nosy B~.

In the Seych..lles. eewsge, though ..oatly untreeted, doss not appeac tll
hsve eny sdvecBe eff..cts. 'here is lIOme incidental pollution_ for e"""'Ple
throuyh tl>e eff..cla of blllSting to ley a new pipeline. Dumping of solid ....stes at s ....
ie controlled end initielly ..es li..lted by a see well. But now, ~e dumping is
done beyond the wall. Septic tenks end ao&k..ge pits ere In use .lthough they are now
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figure J[) " Geography or LoureJlCo Hsr'luee Imy, Mozamhiq""

figure 318 , Total dissolved phosphorous present

EsJ"r~oS.n'o Bay, 'Own ..d ""~ )ayou, and 'he ..mp];u" ,"';om ...,"""'.
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figure 31b
figure 'n o

Hetal concentrations in Lourenco Marquea Bay
SUspended solid conpoaition in the Bay
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10.4 Tile East Asiatic Slbcontlnent

DIscs of Ul~a fasciata deilia ~re used to study the slgsl growth in the
waters of ViBakhBpBtnB~ Harbour and ga~e results seen in figs. 32 a and b. The
Southern Lighter Channel has high concentratIons of untreated 8eWaqe and IB toxic
to thr growth arod survIvsl or UIva fasciats. Although the Northern and IoIBatern
arms Bre polluted, BO~e increaBe in growth is noted due 10 the increased
rresence of nutrients end the dilution of pollution by tidal currente. High
!lOU and CUU values as woll B6 hIgh phosphorous and nitrogen values 8re

d",racterisUc of the do~""tic ""wage ""stea and indicate B high incIdence of organic
pollution.

The feet that ViSBkhapat~ Harbour ia polluted is ~phaaized by the
presence of Capitella cspitats found in large numbers (50,Ooo/na) In the
north, ""at and north""",t enns of the harbour. C. ceplhts setisfiee IIOst of the
crIteria for on indicstor species. ]hey are high in densIty, other species
are e>cluded, they sre acavmgers end they tolerate low oxygen values.
VIsskhspalnBII Is subject to both d"",,,,,tic end industrial pollution In vBrying
degrees. Maxinom nunhera" of fauns are aeen in the pollution fraa oangrove
swaops froo December to Harch when salinity and teoperature veluee are fairly
stBble. Minimun nunbers are found In t~e north~ostern arM which is aubject to
h~ij.vy Industriel pollution. The....al blue_green algse eg Nostoc ere fOlIld in the
the....al effluent of Ihe 011 refinery and fertiliser plante. The Southern Lighter
ChBlln~l 1& subject to heavy pollution but atill hes a feir BMDlIlt of feUlle.

10.5 The Wost As1etie s..t>continent

TI~ Cocllin Beck....ter area ie elso substontiallY polluted by sewege. The
effects of the outflo~ ere dependent on the er~e the~ discharge et and the season In
~hIch it occure. In the peek of the BButhwe"t ~oll!lOon, salinity ie ( 1%. A
hrge tidd flow end ttoe current effect redtJOe the o~yg"" deficiency end
tanperetures lie between 26.1 end 31.ZoC at the surface snd 24.6 and ll.loc at
the bott~. At Io~ tide, oxygen values drop to ( 0.05 mIll due to the high level
of orgenic matter decomposIng In the area. The 10....et ox~gan values ate found al
tl~ .sewage canal outflow.pointe. The hig~st H2S.valuee ere 3.41 ~g/I. There Is
~~ L~.el ~, pollutIon at pOlnle 1,2 and 7 POlnt 2 being the most depleted of fsuns.
polychaete <lre faIrly tolerant to sewage and <lre found cOOII1IOrlly in the aree.
However, c~ateoaa end oollu"",s ere few in number or absent in the margine I end
polluted regions.

Ouring Septe~ber 1974 - August 1975, (> "dirty~ stations and 1 clean steticn
were studied. High tanperetures end rapid decomposition of organiC ....sts during the
monaoon bccelereted the pollutIon effect. DOC velues varied with the ""wege Input
but BOD vel....s varIed with the stationa end the tide. The oxygen consumptIon of
bottom waters ....s 12~13 tines higher in the polluted stetion then at the bermouth.
BUD increaeed with the start of the preMonsoon and decreased with the monsoon in
polluted aUe".

Decaying pl~t and anImal metter contribute to pollution by increa"ing the
SUSpended 100d in weter and increasIng H,S levela and BOO. This applies
particularly with th~ AfrIcan weed salv1nlo molesta whIch are ....shed ashore
In monsocn ~onths and then proceed to decay through tIle post monsoon period. During
lste post-nonsoon end pre-monsoon oonths, the weed pollution disBppears. The
fern Sel.lnio auriculata is elso noted for this blanketing effect. This for~s en
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figure 12.. r~~gr ..rhy of Vi....kh..patn~ Harbour with selected stations

figure 12b Survival of 1Jlva rasciat. in ~is.. khap.. tn..rn Harbour
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At the bottom of the polluted station, durl~ low tide of th.. premonsoon,
hiqh sulphide concentrations were noted to .. ma~l...... vol ..... of 4.92 mg/1.
ra ......d c<rnpositioll was 8100 not..d and ....8 the least affected at shtion) (.... e fig.
3}). Stations I and Z ....... the IIIOst polluted and hfid the lcaat amou"t of
la"na. Polych..ota, a pollution tolerant gro,"", "cre fo.....d In all statioos and
..ere dominant in th.. polluted zooe as they had few comp..tito,s. Tidal conditlnns
und moosoond inflow prevCI1t th.. area froo> becOOllng polluted to the shge
..hcre polycheeta cann"t survhe (see t6ble 54).

The Cochin &'ach is ffilDng 00" of the most Mntahillahd. Incid..nc.. of
f~ecai coliform and faecal etr..ptococoi as well 89 faecal coUfeir.. ood foacal
streptococcI ratioa for this area may be seen in tabl..s 55 snd 56. With bacterial
counts of mora than lUO,OOU colonies per grsm aand the health riak ot Cochill beach is
high. High ooD5 values recorded at Cochin correspood with the high bacterial
counts OS do the high HZS valuea. Cherai Beach in particular, IlIOn<;! with other
beach~", has faecal contanlnation. At Cherai, tllla contamination is cOMidered
to be of non-InAnan origin (aee table 57). In general. tho t.eachoa appear to ba
contaminated to a greater degree in the mOnaoo~ a~d post MonSOon ~nths at which time
the salinity is lo r and tho co~dition5 more conducive to bactedal aurYival
but o~casionsl /ligh val a have also been noted in pre-monaoon months. Uaually,
during late ~st_nonaoon and pr..~mons<>on months, faecal pollution is at a minimum
or even abaent. At monaooo times th~ cuurenh atie up the mud substratum and
th.. ....di ..ent luad is high. This too ia thought to correlate with the n....bers
of indicator bacteria. [zhunala beaoh on th.. lterala coast t,as r ..""ived solle tae
and faecal pollution but it is negligeobl .. and sporadic and the beach is conaidered
sefe and clean. On the same str..tch of cosst, spscies of Salmonella have been
isolated in ..t least five beachas craati"g again. a hoalth hozard, however. poaitiv..
OcCurren~e ...,eIIIS to be raatricted to the aand arid nona appeared in the waier.
fumy of the beacties aloog Keul& had faecal bacteria pres.",t as seen in table :;II.

at ~eraval, EnterDOlorpha prolifera variation
a lu~ueiant growth due to ""wage outflow. rrom

dgee increased in growth. They wer.. foUlld to be
ond insoluble ash, oodi..... calcium, pataasi~, magneaium.
end poorer in carboh~rates than those in noll-polluted

In Jaleshwara reef
tubulosu has fo"'0'{1
August~uctober 1966, lhe
richer in protein. ooluble
chloride ""d sulphat<
areas (see toble 59).

In Goo. higher concentrations Df foraminifera ara fo .....d in tho luari
estuary (J600_DIOO per sallple) than in tha Mondovi (700-6400) epecl..ens poer
s ....ple). In the lo....r reaches of both eatuaries. f\Ullbeu <Ire lower due to
orqanic pollution effects. Sewoge fr<m the town of PanjilO enters the Mandavi
estuary and results in high organic carbon content. This leads to a l"....r species
div~rsity with a d....inanee by the ~onie beccerii group.

In Bombay, about 200U ""lIla" ..}
resulting in conSiderable o~yg..n

of sl!Wllge
depletion in

are discharged along
the nearshore watera. ""
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50mpling sites in the Celch!n BaCkwaters
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Table S4 Oist~ibuli,m of some bottom fAunH in lhe Celchin BBck.... te~5

_ D"T.,"~nOB 0' Ilo"'o" FAUN" AT SEFEN FIX<O SUT'ONS

S'aHo" "'umbO< Poly''''''''' C,O",""" Moilusc.
0< ---

0"'"'.'- Mini- -,- Me.n l>1irri_ """i_ M._ Mint- Mw_ M••
hon" ." ••• ••m ••• ... •••, • ,,, ". 0<" c ,. .. 0 so ", ; " 198~ ~ u M " ao W ", s '00 1200 ' sec noo J~560 "" 00 'W ", s so 'M 1052 u W .. c eo tz

; s so "W 2156 ao 'W " 00 .. ", s "" ,,'" '" .. ,ro " 0 0 0, s 0" '"00 121S " 'W aa ao "0 ..
From: Studies on Or'l"nic Carbon, Nitrogen arm Phosphorus ill 5edi..ents of

the Cachiri [lsd_ter, V. N. SANKARANAI1AYANAN & S. D. PANAMPUNNAYIl
(979)
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Table 56 , faecal coliform and fo"Cel streptococci roUo of water aoo mud
in Cochin backwaters frcm June 1975 to May 1976

w,~ s",;... 1 $\ali... 1 Sla,;." J -, SIa';." , SIal;'" 6

W W W W W W W W W W W W
191',,- 11.2" ,,' ,,' ,. ,~. ,- ,. ,

~ , ". 0

'" ~ ,- • ,- ,- ,. u- • _.
".~ 1,66" ,. ,. • ,- ". ,- " " ,- 11.3)"

'M 1.31" ,- ". ,. , 1.6" 1.31" '" " ,- " ,.-
oe, 12.)' • II.S" 0 ,~ • ". 0 W • "" •N••. ,- 0." ,- O.w' ..- ... ,,' • " ,- ,. 1.66'
~ ". I.""" 0" .~- ,.• 0.45' ,- oo,- ,~ ,.• .. ,

,m
,~

" ..- .. ,,., •sr •• •• ". ,.• ,,' ,- ,-
,~ ,.- 0.15" '.1" o. ,- ..- u- lU6' o.n" ,,' ,- 0.,,"
W. ",- .,- ,~ .,- 1.1" 0.'0" ,"- W ,,- ..' 1.1" --" '.'0" M- l.J1" u" ,". ,,.- ,.. M' oo- 1.8' ,- 1.0"
W" 0.7' M- OO- • oo- .,-
a_ b........d b_ ...._b......

----

with Reference torrom: pollution in Cochin Backwaters
Indicator Bacteria
P. S. GORE, O. RAVEENDRAN ~ V. UNNI'l'!U\N (1979)
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Tahle 57 flccurBflCe of differeot bacteria io Cherai neach

(V.,"'" ." '''''>g0 01 1 0''''''''';00')

Sud ,onn'.,rs W..., ooun./ml

como"o. , ~, F=.I FClI'S CoW""m. , ~, ,- FC/FS
"«pto«>e<' ''''p'o,..';

Ap._ , , , 0-." , t , O-S'

"'oy B , • 0-]" , -, ,
,," U , • ". "

, , ...
J.'y u , • fl-." , , , ,.
AuS_ " • , " n oil ,
Sopt. " , , l'll! n oil ,
Oe'. B , ,

" B a 0;' "Nov. " , t ,. to 0;1 ,
~.

, , , 0·.' " oil 0;1-

"Nonhn"'•• 1.«.1 pollnh,",
tIIo",." /aoeaJ pollntlon.

Average Hydrographical parameters

_ Avn"". Ihfl>.CIG.....K"'-" P.......u .....oo. Tomp. <', D;"'I_ S<J'o;.y ,.
::r %.

Wa'er ".. ( lit«}

'" 10'1 B H6 3Hl ..
~. '0' 17-S 6·61 B ,.,
luno W, " 50Sa 31·a »
Joly 21'S 3a-1 , 'H »
-~"I' ., 11'2 6'U 2l·. "... W, B ,. ](I-al "~. "' 3H " 31·09 ..
Nov. 29·; 31·7 ." 32'M "~. '" J7·. 6-]4 .., H
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Table 58 , OCcurence of salmonella in some heaches of Karels

F..""t rna"« 1
!>tomh Oeacb S.I""",<l1a

"' "' "July 1978 VizhinjllID H. ++ ++ •
Kovalam
Sb&nkumugbam
Quilon +
N""ndaka.o H. ++ H •
AIl<ppey H + H

Au~".l 1978 Calk-lit + H
West Hill + + +H •
Kappad + H •
Mopla H + ++
Payyarnbalarn +
(Cannonorc)

Seplcmber 1978 V;'hlnjam H+ ++ H+
Kovalam
Shank"mugho",
QII;!<>n +
Neendakara H + ++
Allepp<y ++ + +

October 1978 C.liCUI + ++
We.t Hill +
Kappad +
Mopl. ++ + •
Payyambal om +
(Cannano")

HT"HI~b T;<l<, MT~Mld Tide; LT-LowTlde; -M;olmum pro","!; .' ~MoJi"m;H; ·Abuod.'", ·"Presool; -=.~b,rn'.

From, Isolation and Significance of Salmonella Species from
',,'me Beaches of Kefala (1980)
P. s. GORE, T. S. G. lYER, O. RJWEENDAAN .;; R. V. UNNITllIIN
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Tab... 59 • The efreut of "ewege on the growth of EnterOlllor,:Jha proUfere
ver. tubu10se ["",j

AUgust October

Constituents Normal Growth in Normal Growth in
Growth Sewage Growth Sewage

Length 3.75 5.95 21.55 26.35

Moisture 6.15 7.48 7.91 7.65

Crudo Protein 12.88 18.44 15.52 19.81

Carbohydrates 57.12 35.64 52.52 37.58

Crude Fat 1.03 0.68 1.02 1.05

I Soluble Ash 20.51 32.81 20.86 30.42

Insoluble I'.sh 2.31 4.95 1.92 3.49

sodium 3.53 10.31 2.21 3.56

I Potassium 3.36 3.85 2.65 3.21

,

calcium 1.53 1.94 1. 78 4.28

Magnesium 2.24 3.14 2.10 2.94

Chloride 2.08 3.26 - -

Sulphate 7.60 8.83 7.63 10.37

From, The Effect of Sewage Pollution on Enteromorpha
___ .,~ ~_~,~_ ~ __ L __ ' , ..
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Sewoye can be used to aid oqusculture as ia done at aMe plocea on the
Indian cooatline for example Kokdwip in West Bengal and in the Lake Vid~~dhori

region ..t,ere major carp fingHl1nga 7.5_H CllI long end 5-6 o:onU,S old ere grown
uSing Calwtte sewage. Urganic .....stes I,ave 0 high quont1t~ of suspended
solids ..t,icl1 are highl~ oxidi~eable ill naturc. In aquaculture waters. auspensions
can be axidizcd by bacteria. In generel the addHian af heat or domestic wastes
hev" been shown to ch~nge oligotrofllic waters to nutrient_'dch conditions. However,
the H<lditiun ur sewti<je can slso have adverse effects, one of the major ones
being plankton n.....bar re<lueUOlls. Rivers con~ing insecticides "oy wash into
"stu"riea, the principai orca of aquaculture, whera, For ex~ple, the culture of
shd"r .,ay hl' affected. ~lelHi9h mo~ keep their s1'ells closed for awhile if ttJ.e~

dehct that the waters are todc and often on opening og8in still find the
conditions lethai. larvae snd eggs may be destrcyed by the addition of e_cess se_ge.
Hespiutcry and metabolic disr,-"Uoll are the ususl cause of death·:"and s"",eU..""
dise85~ and parasitism .,sy begin to appear en surviving specimens.·

Sewage SyotehS in Katochi. Pakistan ore "till inadeQUate. The clt~'s

<irinkin<j woter sUJlpiy is heavily pol1uted b~ untr~at~d sewage and indualisl ....stes.
In the summer ~F 1980, the cana~ption of these wsters resulted in an outbreak
of gastroenteritis which caused scyeral deaths. The e~8hination of the wster
r~vesle<J that Yirtual1y the whole of the city'a sUPf>i~ of drinking water "as
centa.. inated by the bacterie Eo coli. Effluent is carried FrOOI industrial and
nLClidpsl sources via the lyari River to the "",,,tern backwaters of Manora Channel.
Some ydues of waste flowing to the sea f""ln the lyari Rive, are given in table
6U. Ihe various creeks. ns.... ty Koran'}i, Phitti and Gharo, all receive effluent,
cspecislt~ the former.

11.0

11. i

POLLUTION FROM AGRICUlTURAL ACTIVITIES

IntrodlJction

Han~ cOLCltries in th~ Indian OCean srea are rr~d"",inantly agricultural.
Some of the main agriculturel products are seen in tabh 61. These coulltries usa
ap~recisble ,,"entitiea .of ill""ctiddea, ferti Iize..a and peaticides such aa DOT,
aldrill and codrin (see tablcs 62 and 6}). They constitute an impcdant source of
pollution fr<lm factories find frOOI <lroI ....g"' and «II-off from land v.i.a the rivers to
the Seti. Being Ftiirly stable and n;m_biodegrad>tJle tl,ey persist in the Sea snd
often lesu to spots of eutrophication.

In developln.g countries, the USe of organo_chiorine pesticIdes in
agriculture ia inevitable in order to ....stain a food ""ppi~ For the expanding
population. De..onds for OPT ill the agricultural and anti-nalerial progre....es
of the tropicel countries is LCllIkely to decrease in the near future. Total DOT
concentraliuns ill tt,,, Indian lJc~an seem to be higher tt,an those in the other ocesn
oretiS e~cJuding the North Pacific. Some vdues of DOT 8nd ReM ore ""en In tobie

".
11.2 East AFrica

In Kenya the use of pesticides has increased Fold aince 1966.
_££ £ '-_~,~ ~.," __ "' __ " __ ,- ._ ~_, __ ~ £ L .L L __
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Table 6lJ , Composition of the "stors of the L)eir river entering the

Arabisn Sas (Ill

~-- .-.
Composition Daily Yearly

Chlodoe 152.46 53200.0

Sulphatee 151. 74 53209.0

5uspended Solids 34.20 1J.970.0

Total Dissolved Solids 376.20 131070.0

Organic Matter 47.34 16555.0

AlnmOnial Nitro<je n 2.30 605.0

Albuminoid Niteroge n 0.05 16.9

Total tli'Croge n 2.35 622.5

Alkalinity "' calcium Carbonate ll5.74 40495.0

Phosphate 2.62 917.0

Calcium "' Bicarbonate 162.00 56700.0

I.-on Oxide 5.14 1799.0

AluminiUll\ Oxide 1.36 476.0

Magnesium Oxide 60.00 21000.0

Arsenic O"ide L. 1.40 490.0

.

f'.-om: Survey of the Polluted Lyai.- River and it" Effect.s
on the A.-abian Sea
A. A. BEG, N. MAI!l'lOOD ~ A. B. K. G. l'BSBFZAI (1975)



Table 61 t~ain agricultural products .in 1977 (in thouBends of metric tonnea)

Countries Rice Maize Wheat Potatoes Tobacco Ground Nuts
,

aangladesh 19,44J - ass vas 62.5 zv.o

Burma 9,455 rs " " 63.3 464.3

COIlIOros rs - - - - -
India 79,094 5,947 29,010 7,171 418.8 6,068.5 ,

Kenya " 2,553 iai m u ,. s

Madagascar 2,154 raa - '" U 54.7

Mauritius u - - H ,., ,.,
Mozambique as ", , 00 ,., 100.0

pakistan 4,424 ear 9,144 ne 72.6 72.4

Somalia 0 eo , - 0.' ,.,
Sri Lanka 1,677 ra - as 0.; ,..
Tanzania '" '" u ee 19.1 74.0

From, united Nations Statistical Yea~book (l978J
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lI8e af ferUl1zel'B 1976/77 (1n tho"""nds af
_tric tamea)

Co""try Nitrogeno~s PhoapiLaus Nitr"geno~. PhO<iphate. Potash
tertiliur fertiliur '"' (M

3P04) ("2°)

Bangladesh 130.4 20.6 165.~ 61.S 14.5

"~ 55. S - 42. g '-' U

I""i~ 1856.S 477.8 2457.0 635.0 319.0

Keny~ - - n.4 27.3 ..,
M~<la"a.cu - - '.0 0.' ,.,
Ma~riti~s U - 11.5 '.0 14.3

Kozambique .., '.0 '-' ,., U

Pakistan 306.7 13.5 500.4 423.3 s,z

Sri ~.. - - 47.0 ,., 31. 5

nnnnia 5,5 .., 14.5 10.9 ..,
frOIO' Unit"" ~tions ShU.tiesl Yeerbook (1977)

leble 6} , estilleted """usl end future USe of 001 tn
egricult'!1"e (tons per enn.... )

Are~ Cotton PraOuo"ng Non-eotton Producing Other
Countries Co~ntrie. Countries

Atdea (present) 2.186 605 ",

Asia (present) 5,566 HO 1.523

Altica (lotur,,) 13,too 1, 170 1,410 ,
A.i. (fotore) 33,500 '"' , ,"
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Tobie 64 I Total OOT and Hl:H concent .... tiono f"md '" !IOIaIl ~rts of th.. northern

"r~~ SUUon Dato· To~al Total
'00' IlCH

Sed Surta~,

(nq/l)

Boy 01 Ilcn9"1 e S9'N "" 03'E ro '" 0.00 LO

u oa ee ui ic 'W O.OB ;"

, zo sa ai rc '" 0.09 0.66

Ar~bi~n Se~ " '" ee sa ra '" G. 16 ;,'

U or " sa U ' " 0.12 '-'

s 2~'S M Ol'E U ' '" 0.06 0.17

Air_.,
(n9/m )

Soy of Bengal a 36'N "' 12'£ rc ',. 0.17 O. J7

e " so " m ',. O.l!' O.9S

r oa 84 05 ro "te 0.15 0.20

e rs " i a io ',. 0.27 0.36

" oa so ai i a ',. 0.16 0.16

, " ei au t z -ve 0.22 0.14

1\rabian Sea " oe es rs U '" 0.40 a a

ao " "' " U '" 0.24 ,-,
19 29 "' H U "te 0.20 " s
U .,

" se i i '" 0.15 0.61

e oa "' cs i i '" 0.09 0.9"

, as "' oc n '" 0.10 0.24

a OS'S "' 03')': n. '" 0.13 0.18

, 12'5 "' 12'E n '" 0.16 0.28

I:a"~er" Acab1~n ar lO'N ee 25'E rz '" 10.90 ,-,,..
ra so zo as i a '" U "
" ss " ca i a '" U 10.1
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Tanzania's acon~y Is largely dependant on agricultu~e of Mhich coffee,
aiaal and cetton ore predoRinant. In Tanzania and Soaalia, peaticides ara used
increasingly fcc cotton fields but again effects are not ~ery notlceeblc and if 80
only in the inland watera. SoRe .etabollc residues of copper fUngicides used for
the pr....ention of coffee l ...f o""t ..ay be llPP"rent.

In MozaMbique, the Inc~.ti, Maputo and ~beluzi rivera carry large
quantities of phosphorous Into the LouranQo KBrquea 8ay cBusing apete Of localized
eutrophication. Off Mogadishu, In sa.alia, 8 large scale fish kill weB observed In
1972 CBUSed by 8 red tide. But the preble. Ie ueually very localized.

11.' The lehnd8

In ~llda9ascar. about ro,llOD tonne. per ann.. of about
pesticIde. particularly DOT, HCH, phoephoric and eulphurlc
for egriculturd purpo..... ea on the ""9s....cane fanta. OOT
used regularly for "praying housea against insects.

50 cllll~<ndac...,.....ds au
and endrin

0'",..
In Mauritius, 80~ ~llution problema are apPBrent fr~ PBaticidea

URd in auger plantationa.' In 19n, 1160 tonnes of pesticid.... wew being used,
increasing the COficern about pollution due to then draining into the ses vis the
rivera.

In the seychelles. agrIculture is st a ~ini~UI ~ hence pollution fro­
fertilisers is abeant. However disaase control ia fairly estensiva and pesticides
snd insecticides are used freely. Their effect ia minimal &0 far "ith very
lIIn811 .....,..,ts being folrld. for 8X""'Ple, in .....""ls.

11.0 The Asiatic Subcontinent

Already large ~ts of HCH srs being COI1SUSed in India. Some studies
of OOT cont""t in 2OOpienkton have been _e off _bay. ~arhHons in
concentrstions of phosphates. nitrates and o~ygen frllll .aters off Bo.bay are seen In
table 65. Similarly, diatrlbution of total phosphorous, total nitrogen and
organic csrbon in Cochin Beckwaters sre aeen in fig. 30.

In August 1970, a euney in Weat Bengel sho..... that the
organo-phophorous _tieidea ooyp phospha.,idon and parathion, killed ..any fiah fro.
Punarbhava River and west DinsJpur. The gill tisaue. slimentary tract, liver end
brein of the ex~SBd cnp and catfish were found to ba Hverely d_ged. Th...... are a
cllllltercially iMportant fish _ tlY.Js a dIrect hazard to ..... too. Heavy rains
r-..lt in hellvier run-off frOlll l_ ....d hence hrger quentitiee of ctlemlcals
reach the sell. Interalttent fish ~rtality Ia aaSDciated "ith the fertIIlaer
fectory et Yeleeo in Goa. Indie. The effluent ia nitrogenous "ith araenic
caopounda (eee table 66). The fol'lll"" ia to~1c due to the presence of _onie
and the let tar is coneidered to be a cUllulative poison. Some eutrophication ill
alresdy apparent ....ioh could lead to low Ol<ygen content and ophyl<letion.

A fert1112e. plant at Henali disch6tg.... effluent around the Ennore
Backwatere which hee i~po.tent .,igratory fish, oyster, susol and prawn grounds.
250-500 ppb oil, chrBalun, amMonia, hydrogen sulphide, phosphates and
aulphurlc acid are 8IOOI'Igat th" """tes diacharged. After tr"atlo...t soat of the
oil been .--oved end only .monia end phosphate ue still preaent. 1""
tr8&ted effluent ia harmlese to fish but has a nutritive effeot. Botton fauna ie
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Table 6S Variations in so .. e ct>e.. icsl constituents in wsters off Ilofobay

nere Deplh " O. O. PO~·-.P NO.-_N NO.--N ,"
,m) %

0 mlfl uluration% fl8-a1/1 "l-alll ",g-al/I

29-1-14 , 35.52 4.52 " '.W '.06 0.54
s 35.52 4.91 '" o.sa 2.21 0.59 -ro H.53 ..z ,., 0.811 1.24 1l.46 -
" 35.52 5.42 '" 1.30 2.28 0.32 -

5·2-74 , 35.34 4.49 " 0.51 2.17 u... -, 35.33 4.42 sa 0.70 2.13 ,.... -
'" 35.28 4.47 " '.ro 2.54 ,. -
" 35.311 4.46 ~ 0.57 l.75 '.06 -

1-3-74 , 35.45 5.1l2 Jll~' 0.38 1.12 c... -s 35.43. 5,00 ,eo 0.32 l.J4 1l,41 -ro 35.43 4.11 '00 1l.63 2.44 O.6o! -
" 35.43 4.7(, '00 0.82 2,38 Il.S1 -
" 3S.45 4.N '" 0.57 1.91 Il,J I -.

16---3-14 , 3'-31 4,98 '" 2.43 2.02 0.31 8,52s 3UI 4.86 ,,. 2.43 1.66 '" 1.58
m 35,39 4.52 " 2.56 3.11 0.59 1.55
ts lS.l8 4.13 '" 2.73 l.38 0.68 B.Slze JS.38 4.92 '01 2.43 ..,. 0.79 8.50

:1-5-74 , 35.43 3.78 " ,.~ 1.24 0.47 8.17s lS.50 ,.... se Ll7 1.46 o.zs 8.16
rc 35.40 a.... " 1.11 1.71 0,25 8.19
n 35.41 3.80 " 1.21 1.91 0.38 8.19

From, pollution Studios off Bombay
R. SEN GUPTA & V. N. SANKARANARAYANAN (1974)
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figure )4 , Distribution of totaL phosphorous. totd nitrogen and org.... rc
carbon In eochin backwaters
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From' Studies on Sediments of eachin Backwater

V. N. SANKAAl\NARAYANAN " S. u. PANAMPUNNAYIL (1979)
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TobIe 66 : Nutrient cCf1tent of eoee effluent

Nutrients Minimum Maximum No:mal

NH
4-N 2.90 174.00 5.00

Nitrites 2.50 42.79 1.00

Phosphates 0.05 26.84 1..00

Nitrates 2.40 271.00 2.00

1'.rsenic 3.00 583.20 1.00 - 43.00

From: Chemical Characteristics of the Ibshore Waters in
\lels.. o Bay, Goa.
S. Y. S. SINGBAL, S. P. FOODEKlIR & C. V. G. REDDY
(1976)



- D;: -

Pe,iodic pll~t0l'lankton blom~ are r"l'"et,,,1 in the >latHs of Vis~kh0p"tna..
Ha.bour. These ne domindted b~ th" rentri,' diatom, Sk"lelonem" costatum. The
bloom ,,~ually lasts For 12_15 <lays with a peok abundance wi thin 5_][1 rIHY5.
A"terionella, Chaatocero:;; an," roscinodi:;;co" are o..m~st tl,~ oU"," species
ob"ened at densities which often e~ceed lO,UOO "ells/ml- On the 14th October, 19n
as m~ny as 60,470 cells/.. l were seen, witt. 99.6~ being S. costat.... lhese blo"",,,
are U><lught tu be a reouH of high concontration" of nitrite, nitrate and a"'monio.
Generally, concentration" of nitrogen "nd pho~phQroos decreas.,d es the
phytopla"",ton standIng crop increosed ..nerea~ the nutrient le,·.,ls wcre hi<Jh whon
phytoplankton no",Lers were low_

Tho bulk of th~ nutrient SOurce "nterino the harbour comes from the
nearby fertllIser factory .",d <.Im.estic "astes. High lIaloes of dissolved o~Y'lf'n are
noted 00'·i"9 periods of phytOl'lsnkton blooms "itll s'lfler-saturatlon at the
alJrface indtcative of increased I'hot.osYlltlletic "ctivtty. inadequate nlJshing of
the harbour .... tHe r>romotes optimom conditions for bloo", growth. P~ak blooms
occor in cal.. we"ther wtth increased sunshinc and redoced fresh water inflow.
folI"""';'ng low ....mshine and hcavy rainfall, blo"'" cell n'-"'hers appear tu decreese.
Phytoplori<ton bloolls hn"e also been note<J in the area from high phosphate
vdues of 13.62 ~nd 12.45 ppm, high pH val"es, high chlorophyll Wld defif'c;,mcy 1n
o~ygen lea<.ll"9 to eutrophication.

Pakistan illports 500 tonne" OOT per year as well as se"erd hundred tonnes
of chlorinated pesUoides soch as aldrin and dieldrin which are widely "sed
throughoot the oountry. in 1976, in Kohat in northern Pakistan, a faolty batch
of malathion containing higher quantities of iso~malsthio" than normal "ao the
c",",,,e of the into~icotion or over 2000 spr"yers 7 of ..nom died. This bAtch was 600
U"es more toxic thnn the no"",al malathion and potentldly very harmful to
freshwater and lIarine I'opolations.

12.U RAUlOACTIVE POtLUTION

A.s nuclear reuesrch lncr""'ses 50 will the ""',,<rite of radionocleoids
beinq released into the ocean. With their long residOlflC" time" the)· will
r""'ain contaminants for mllllY yea"". N"cl ..ar re"..arch i" not very evident in the
coontriea of thO! East African CORSl.

So",e radiosctive substances are dhcharged Fro"' the Karachi Noclear PO",,"
Plant located On the west coa"t of Katachi Harbour near Paradi"e Point, Hawke Bay
but IlO far the"e remai" within the pe""'issible level and no contenlnatlon hAS
been "ote~ in the fauna and flora of the region.
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In Indis. radioactive pollution has beccae a gajor CGncerft recently wtth
the mabel' of noolear- po"""r ststions being built constantly 1ncreasing. values
for the redionuclidea around the coast of Indis sre-aeen in tsble 67. The planta at
Tsrspur and TrOilbay sre of pd.sry concern (see fig. }:». SOlIe values of
various redionuclides foend in the sess ore listed in tables 66. 69 end 70.
TrOllbsy ReBesrch StaUon ia situsted nesr 60mbsy .....11e Torspur is fo....d 100 k..
further north. Thie ares is very rich in fsuns. The research station at TrombaY hae
four reBctore. tllDri... end ureni... phnta. an irradiated fuel procening
phnt, netallurgy and .....gineering hba. isotope prtlduction fadUties and other
reeeBrch laba. 0.14 .illion Ittres of radiosctive effluent are discharged every
dsy. Th" 420 MWe generdor needs 2950 ..iIlian litrea e day for caoling. Tha
autgoing tanperature ia 7_10 wa~er than the i""OIIing. In the i~ediete vicinity of
the outflow the increaaed tanperature leads to an axyg"n deficiency due to tha
increaaed oxidation rate of org.... ic "aUer. The solubility of the oxygen is e1ao
reduced. The increSRed taaperature has a .. lId effect cauaing peaks of looplankton
in Dec...ber and March end m-inence by eiphonopl>ore... copepod and dacapod
larvae. The pipe length is such that the water haa tl.e ta coal off s little before
it raaches the ses.

The OOttOlll setU_nte ehow a high pick up nf Ceai.. lJ7. Ceri... 144
snd Rubldl.. 106. Fiah tiB8ue is found cont~inated with Ceal.. end Strontium but at
s lawer leveL Hon benthic crsb 5e}'Blla serrata picks up cnl... ceri.. and
rubidiUM end non benthic catfish ariua apecies pick only cesi~. [x8Bplea'of values
in both sedi~ent and faunal tiasue are seen in tables 71 and 72. Oysters are found
to accunulate zinc 65, iron 59, ceai~ 137. ceriu. 144. 141. rubidiUlO 295. ..ilver
lID, cobalt tiO, .ang.... BIlB 5_. plutani.. 32, niolliUIII 110 snd Un 112. 113 th..
htter two beiog frORl nrconi.. 2 and 4 alloy lIBed in atructural...tal and saleni..
74, 7:>.

14.0 SilTATION ANO [RllSllItl

The effects of sil tation are apparent in .oat of the cauntriee af
the Indian Ocean. Siltation begina by erosion af topsoils in inlond area.
Thia usually fOllows periods of heuy rainfsll ...... n the rivers often overflaw
snd weter l'UlS overland carrying Mil "Hh H ta the Sea. The eHects are greater
when rains follcw a iong dry epell during ,,*,ich the soil has already been
loosened. Intensive grazln<;! by liveatock and .. poor choice in crops can also lead
to eroden. Erosion of the coastel arn.. by heavy ..ve action often leads to the
destruction of tauriat beachea snd leavea theM covered only with pebbles. Ccastal
reef.. can act ea 0 barrier against erasion of the beaches by "aves.

of the cOBatlina is a probl"" arisin<;!' froll eraaian snd
illportant way of counteracting this. However, siltatian resulta
allount of nutrients entering the sea ,,*,ich leads to

growth. da.age to coral reefa. particularly by snothering theu. snd
on the coastel nuraery grounds.

The retrest
siltation ia an
in an incre""ed
excessive algal
adverae affects

Sane of the major rivers draining into the Indian Ocean are the
Athi/Galana. Tena. Gsnges. Br ....aputra. Irrawaddy. Indua, Kelani. Ruvunu, Jubs.
Rufiji, Z...be"i snd Lipapo. Where these diacharge. large zones of turbid
"atera sre usually seen. Th.. l.-dian Ocean receivea about },401l .Ullon tomes of
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, RedilJrl cL>nt""t in ."'''..' coastal ST'eas of India

j.l No. S,,,;on 1.0''';00 R,d;nm eM"" a.moria
X lll-"Jiml

-,....,.,-_...,..,., - Arabfan Sea 0.82, ~~~ ,.
e "~. as Mona"""_ ,and

~~,

• Tr!vat>drum a.a, Cape CoUlonn IMlan Ocean ,.
e -,. alOY of aOngal r.s, Wa.ltlUr '0• Oh>pa.lpur-on-Sea use
• "'" OM
rc ChllU "U rn",. i.i
ra lIa.1dla a.u Gang", ..tnary
ra Kak<lwlp e.e

From, Radium Cont""t in Sea Wa't'"r along the Ir.diL>n Coast

s. D. ClIATTERJE<; s. P. Bl'NERJI (1976)
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From: Int.. rtidal Ec"l"gy of t"", Sea shor.. near Tarapur Atmnic P<>wer Stati'
M. c. IlA4ANI (1975)
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From, Intertia",l Ecology of tbe Sea Shore near
Tarapur ~tOIDic Power Station.
M. c.!IJl.LIINr (1975)

Table 69 , VQluea of radloacti~e substan~ea found in 90Me specie~ cf tu~s

s.,ecies fOCi >let >It. fOCi dry "t. ve . 0' tis ~. _c
_.

csm cs m
'0· ."

Albacon ,~. 0.' - '-' B.1 . , n 2.89-D.~3

Albae<;>re TUna U - U 33.2 - s n

iligeye Tun., ,., - L n B.6 - ,., H 2.7-0.1

Eigeye Tuna e. s - L , 34.3 - '0 H 2.8-0.6

I ",,_no',oo 5.0 - 1.2 I 18.5 - "I " 3.8_0.3

II
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hb1e 70 • Hajor e1e1JJent concentrations in selected species or Hen
(lIicroqrBll8 etoll/q wet wei~t)

species potassiUlll Magnesium CalciUlll Strontiurn

Ghol 116.50 7.32 74.00 o.nri

Lobster 133.20 14 .62 90.00 0.040

Pomfret U5.00 6 • 3J1 23.00 -

Catfish 114.00 0.29 3.50 0.012

BOIIIbay Puck 95.50 13.94 65.00 0.016

Flat Fish 99.50 13.77 209.00 -

Koth Fish 99.50 37.00 225.00 -

Sea Water 10.33 53.60 9.60 0.042

From, Radioactive and Stable Element Distribution in
Marine Biospheres off Tarapur Coast.
T. P. SARMA, S. M. SIIAH, V. N. SASTRY,
T. M. KRISHNAMOQRTBY, C. K. UNNI, S. S. GOGAT!':,
G. R. DOSHI & S. R. lU\O (1973)
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V"lues of 90fIIe " ..dionuclides in coastsl ,"o"ine ol:qaniSllls

ACCUMUI..ATION OF RADIONUCLlDES l1'l COASTAL
ORGANISMS ~'IlOM AREAS CLOSE T(Hl!SCHARGE LOCATIO~." '.. "'c• ,". ,~
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<. O. PILIAl (1975)

lable 72 : Values of "Olle radionUE:lidl!9 in bottom sediments
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than those folrld
snod Genge! river..
~ 10114}", .mer"""
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8C~...... lations lire hio;tler off the I\.eiatic sWcontinent
off the [sat African coast. The aUbmsrine cones of}the Indue

hove, respectively, sediment volumee of 2.12 ~ 10/14 n snd 7.2B
the bllsin off Africs MS a sedimentary "ol....e of about 4.81 ~

The building of """9 ..cro.... naturally flo"ing rhera decreeBeS the
rate of flo", re<luc:ee nutrient concentr..tions in estuaries ..nd eoeat.. l " ..tel'S
and decreases the n.... ber of plankton blooms and fish lsndings.

14.0 CONCLUSION

PollutIon problllOlll In the Indisn Ocean have not Yet reached tho magnitUde
of those foLnd In regions such as the Hediten..nesn and the Baltic ""teh are
bordered by industriali~ed countriea. The [ast African Coftat, In particular, is
still relatively free fr"'" pollution. tIot<ever, the c....staI areas of the Asiatic
aubcontinent are beginning tc sho" aignft of deterioratIon. This ia especially true
in the vicinity of cOGstal InduatrI..I sites and towns such as Karechi, Calcutta and
8<nbay.

At prasent there ia a lack of info"-etion on pollution probl<llllS in
the ~gion. Meny of the inetitmea in the area concentnte their efforh on
generel reseerch Into MarIne acience and developnent of fI"heries.

There are fe" adequate Dr satisfactory methoda for traatM.,nt
of .,ffl""nt. on"", ....atea ...... <luOIpad directly into rlv.,re
damage to cOBatal Marine ecollyateMs end re.,ulting in ha~ards to

end disposal
and &eaa csusing
h.-an health.

Research Bn the effecta of polJutioo cther than f...,n industrIal
sourcee ia atill _r"". The CDU'ltriea of the eree are priMarily egricultural and
it is therefore importent to develop research on the probl...,s of theae
fo...,e of pollutants. Oil contaminetion fron eccidental and operetiona! SOurcss is
a growing threat to the coastal areaa most of ....lch are 00 key ahipping I_a. The
dlDping of untreated se"sga dire<>tly into the Sea hes resulted in many bathing
beachea being contaninated.

Much "f the inforMetion aveiieble in the arsa comee frlllll research
carded out by institutes in India particularly on the effe.cta of industrial
polluticn in the country. Oete is not available fron the other large countriee of the
Indian subcontinent. Hottever, date thet hee been collected often remeins unueed.

The treetment of induetrial and doOIeatic wastea needs to
th<.,.,ghout the cOUlhies of the region. There is therefore e need
monitoring p<ogra.nee to esseas eBurces, levels end effects Bf pollutents
need to impl~nt programmes on pollution abatement snd control.

be pronoted
to develop
snd also a
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