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P R E F A C E
ss = s  s  8 s  as

Of a l l  the compounds found on ea rth  w ater I s  the most 

e s se n t ia l f o r  the maintenance o f  l i f e .  W ater I s  the f lu id  

constituen t o f  a l l  l i v in g  matters p la n ts  use w ater f o r  photo- 

synthesls/ both p la n ts  and animals use I t  In  m etabolic  

a c t iv i t ie s ,  again  the acjuatlc coimixinlty f in d s  food and sh e lte r , 

make use o f  the gases d is so lv e d  In I t ,  reproduce and sometimes 

care fo r  the yoxing ones u s u a lly  w ithout ever le av in g  the w ater. 

As the environm ental medium w ater en ters  In to , and m aintains 

the in t e g r i t y  o f  the e n t ire  ecosystem and thus the e f fe c t  o f  

v^ater I s  so a l l  p e rvas ive , th at from one po in t o f  view  i t  

makes, more sense o f think o f  aquatic  spec ies  and the w ater  

surrounding them as elements o f  a s in g le  e s s e n t ia l ly  con ti­

nuous system ra th e r  than as separate e n t i t le s ,

Man*s In te re s t  in the study o f  w aters around him i s  as 

o ld  as h im self^  His stu d ies  extended to  the trea su re s  o f  food  

which grows in  the w ater. As the need f o r  p ro te in  Increased , 

much more than what i s  be ing  caught, he re so rted  to r a is e  

these organism s in impounded w aters, which came to  be known as 

AQUACULTURE, 'There I s  an in c rease  in  awareness o f the b e n e fit  

o f  m arlcu ltu re  as a means f o r  In c reas in g  the f is h  production  

and p ro v id in g  en^loyment in  the recent y ea rs .

U n like  In  other sop h istica ted  co u n trie s , in  In d ia  we 

depend m ainly on n a tu ra l source o f  water f o r  r a is in g  the



animals^ Hence a sound )cnowledge about the conservative and 

non-conservative properties is  very e ssen tia l, fo r  a proper 

management o f our t id e -fe d  farms^ In natura l water bodies 

the qu a lity  i s  mainly influenced by human interference by 

le tt in g  the agricu ltu re  and factory  wastes into them. Most 

o f these products have got d irec t  in fluence on the f is h  pro­

duction , ^ u s  by measuring some o f these e a s ily  measurable 

paranetres p e r io d ic a lly , the qua lity  o f  the water bodies can 

be k ^ t  up and thereby Increasing f ish  producticxi^ O^e various  

forms in which the d iffe ren t  elements and compounds are present 

in water a lso  has a very s ign ific an t ro le  to p lay  in the mana­

gement* When compared to the natural waters the cultured  

ponds contain more number o f  organisms fo r  a standard voltime 

o f water. “Hie fluctuation  in  the parameter lik e  carbondioxide 

and oxygen has got a very good impact on water q u a lity  manage­

ment. The other factors lik e  tenqperature and pH has syner­

g is t ic  e f fe c t  on these above mentioned factors*

Since c h ^ ic a l  reactions in water bodies take place at  

phase d iscon tin u itie s  nanely, the atmo^here -  hydro^here. 

Biosphere -  hydrosphere and sediment -  hydrosphere knowledge 

o f the chemical make up o f waters at the s ite  i s  c r i t ic a l  fo r  

s ign ific an t study.

The l i f e  processes have long he&i known to be respon­

s ib le  fo r  most dramatic ccmipositional changes and in  the 

regu lation  o f  the abundance o f s u ^  elements as oxygen, n itrogen.



phosphorous e tc . The components o f  sea w ater en te r in to  b io ­

chemical p rocesses  to such a degree th a t there  concentrations  

are h igh ly  v a r ia b le  when compared to the t o t a l  s a l in it y .  The 

d is t r ib u t io n  o f  the m ajor components are  to  be accotinted on 

ph ysica l and geo-chem ical p r in c ip le s .  The d is so lv e d  components 

are  transported  from p la ce  to  p la ce  by advectlon  and move from 

one p lace  to  another by eddy d i f fu s io n .

Because o f  f r a c t lo n ls a t lo n , the b io lo g ic a l ly  a c tiv e  

elements c ir c u la te  than does w ater I t s e l f  o r  i t s  in ac t iv e  

so lu tion . The p r in c ip a l source o f  the m ajor components o f  the 

0 0 0 -̂ system are carbonate, p h o ^ h a te  and n it r a t e  Io n s , These 

major n u tr ie n ts  change on sto ichom etrlc  b a s is  as a r e s u lt  o f  

b io lo g ic a l  a c t iv it y .  The exchange o f  chemical elem ents between 

the w ater and the biomass i s  a c y c lic  p rocess . The two phases 

o f  the b io -ch em ica l cyc le  i s  synthesis and re -g e n e ra t lo n . In 

upper la y e r s  the elements are  withdrawn at a h igh er p roportion  

when ccmpcired to re -gen e ra tlo n  which occurs at depths.

W ater has an ex trao rd in ary  o p a c i t y  to ho ld  substances 

in so lu tion  and en ter in to  chemical re a c t io n , A number o f  

gases are  found to be d is so lv e d  in  n a tu ra l w aters nsmely 

hydrogen# oxygen^ carbondloxlde/ ammonia e tc , among which 

oxygen and carbond ioxide occupies the prime p o s it io n .

The Ijnportance o f  carbondioxide as a con tr ibu to r  to the  

f itn e s s  o f  n a tu ra l w aters  depends e s s e n t ia l ly  on th ree  fa c to r s .

In the f i r s t  p la ce  i t  serves  more o r  le s s ,  p u re ly  in  the c h «n lc a l
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sense, to  b u f f e r  the environment aga in st  rap id  s h i f t s  In  

a lk a lin it y  and a c id ity *  A second con tribu tio n  o f carbondioxide  

perta in s  to reg u la t in g  b io lo g ic a l  p rocess in acquatlc  commu­

n it ie s .  The th ird  and most im portant con tribu tion  i s  that i t  

contains carbon, one o f  the v e r s a t i le  elements which f a c i l i ­

ta te s  the form ation o f  v a rio u s  im portant b io lo g ic a l  ccMnpounds 

by te t ra v a le n t  bonding.

The carbondioxide system i s  im portant f o r  sev e ra l rea ­

sons, I t  p ro v id es  a b e t te r  understanding o f  calcixun carbonate  

p re c ip ita t io n  from lagoons and other evaporated sea w ater  

bod ies, as w e l l  as o rgan ic  and in o rgan ic  p re c ip ita t io n  asso­

c ia ted  w ith  b io lo g ic a l  a c t iv i t ie s  such as r e s p ira t io n , and 

provide im portant in form ation  p e rtin en t to  the fatma and 

f lo r a .

The carbondioxide content v a r ie s  w ith  lo c a l i t y  and 

p o te n tia l enrichment from in d u s t r ia l p o llu t io n . Ohe g lo b a l  

carbondioxide average i s  approxim ately 0.032% and i s  increa ­

sing p ro g re s s iv e ly . The nxunerous and v a r ie d  a c t iv i t i e s  o f  

carbondioxide in  the aquatic  eco system are  made p o s s ib le  

p rim arily  by the high s o lu b i l i t y  in  the n a tu ra l w aters. The 

s o lu b i l i t y  o f  carbondioxide i s  200 times than th at o f  oxygen 

and obeys normal s o lu b i l i t y  laws w ith in  the cond itions o f  

temperature and p ressu re .

The weak carbon ic ac id  by the reac tion  between

water and carbondioxide re a c ts  w ith  lim e stone to  form so lu b le
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calcium b ica rbon ate . The so lu tion  o f  b icarbon ate  remain s ta b le  

on ly  in the presence o f  c e rta in  amount o f f re e  o r  "equilibrixam  

carbond iox ide"* llie  f r e e  carbond ioxide rep re sen ts  the carbon- 

d iox ide  in  carbon ic  ac id  p lu s  that in  the sim ple so lu t io n .

Thus in  e s t a b l i ;^ in g  the w ater q u a lity  c r i t e r i a  o f  cu ltu red  

w ater, a c id it y  and a lk a l in i t y  are o f  im portance. The p roducti­

v i t y  o f  an acjuatic eoo system I s  reduced, i f  the pH goes below  

f iv e ,  and the y ie ld  becomes le s s ,  Ihe  d isch arge  o f  ac id  waste  

in to  the w ater contain ing b icarbonate  a llc a l ln lty  w i l l  r e s u lt  

in  the form ation  o f  f r e e  carbondioxide may be l ib e ra t e d  which 

may become to x ic  to  the f i s h .

There i s  g e n e ra lly  a trend to m aintain  constant pH in  

sea and the ad jacen t w ater which can be extended by the 

b u ffe r in g  cap ac ity  o f  sea w ater w ith  r e j e c t  to d isso lv ed  

carbond iox ide. I t  has been in fe r re d  th at the in crease  in  

carbondioxide must be counter-ba lanced  by the o th er p rocess  

th at tend to  increase  the pH and the t o t a l  a lk a l in i t y  so that  

the net ba lan ce  r e s u lt  in  a f a i r l y  constant pH, Thus i t  can 

be in fe r re d  as sa id  above th a t the stu d ie s  o f  p ro d u c t iv ity  in  

terms o f  n u tr ie n t  content and a v a i l a b i l i t y  can be rem arkably  

f a c i l i t a t e d  by a s ide  by s id e  study o f  pH and carbondioxide  

content# The n u trien t a ss im ila t io n  during  photosynthesis w i l l  

have a c lo s e  re la t io n sh ip  w ith  carbond ioxide since the la t t e r  

i s  a m a te r ia l r e q u is it e  f o r  photosynthesis. N itrogen  i s  cen­

t r a l  to  a l l  eco systems because o f  i t s  r o le  in  the syn thesis  

and maintenance o f  p ro te in , which along w ith  carbohydrates
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and fa t s  I s  a m ajor con stituen t o f  aXl l i v in g  substances. In  

e c o lo g ic a l th in k in g , phosphorus I s  o ften  considered  the most 

c r i t i c a l  f a c t o r  in the maintenance o f  the biogeo -chem ical 

cycles* The extreme importance stems from the fa c t  th a t phos­

phorus i s  v i t a l l y  necessary  in  the energy t r a n s fe r  system o f  

the c e l l  and th at i t  occurs in ve ry  sm all amoxints. Thus a 

d e fic ien cy  o f  any o f  the n u tr ie n t  in  turn  cou ld  le a d  to  in h i­

b it io n  o f  phytoplankton in c rease  r e s u lt in g  u lt im a te ly  in  

decreased p ro d u c t iv ity .

The cu ltu re  ponds are  u su a lly  a f fe c te d  by t id a l  flow  

and land in f lu x  p re c ip ita t io n  and run o f f  during heavy monsoon. 

The a v a i l a b i l i t y  o f  n u tr ie n ts  i s  in v a r ia b ly  a lim it in g  fa c to r  

fo r  phytoplankton growth and subsequently to  the o th er animals 

in  d i f fe r e n t  tro p h ic  le v e ls  and thus the in v e s t ig a t io n  on 

n utrien t contents and t h e ir  v a r ia t io n  i s  o f  paramoxant impor­

tance, Moreover in  b rack ish  w ater ponds m ainly fed  by t id e s ,  

which w i l l  induce la r g e  changes in  the eco system# stud ies  

over a p a r t ic u la r  period  o f  time e ^ e c i a l l y  the d iu r in a l v a r ia ­

tion  w i l l  be o f  rem arkable s ig n if ic a n c e .

Th is study i s  one o f the p ion ee rin g  works on the carbon - 

diox ide  e q u i l i b r i a  in  r e la t io n  to  the n u tr ien t  a v a i l a b i l i t y  in  

the b rack ish  w ater cu ltu re  ponds a t Cochin.

I  w ish to express my sincere  g ra t itu d e  to  my guide  

M3?, C .P. Ram am rith^ f o r  h is  constant encouragement and gu id ­

ance to  com plete thtS'^ work.
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I N T R O D U C T I O N
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A few elements notab ly  the halogens and a number o f  

non-4n e ta l l lc  ox ides and organ ic  substances when d isso lv ed  in  

water to form compounds^ which when d isso c ia ted  decreases the 

hydrogen ion concentration* Such compounds are  c a lle d  acids* 

In the n a tu ra l water by f a r  the most important o f  such oxides  

i s  carbondioxide which when d is so lv e  produces a s n a il amount 

o f Carbonic acid  a f a i r l y  weak acid*

The numerous and v a r ied  a c t iv i t ie s  o f  carbondioxide in  

the aquatic  ecosystem are made p o s s ib le  p r im arily  by the high  

s o lu b i l i t y  o f  the gas in  natu ra l waters* The s o lu b i l i t y  o f  

Carbondioxide i s  200 times than th at o f  oxygen and obeys 

normal s o lu b i l i t y  laws w ith in  the condition  o f  ten^jerature 

and pressure*

The s o lu b i l i t y  o f Carbondioxide in  water depends on 

temperature s a l in it y  and i s  d ir e c t ly  p rop o rtion a l to  the 

p a r t ia l  p ressu re  o f  the gas* When Carbondioxide in  the solu­

tion  contain  unhydrated carbondioxide at about the same 

concentration by volume as in the atm o^here. (HUTCHINSON, 

1957) , (STUMM & MORGAN, 1970) .

COg (air),^^______ COg (d is so lv e d )+  H^O;

The carbondioxide o f  w ater hydrates by slow reaction



9

This reaction  predominates a t  a pH le s s  than 8« 

Carbonic a c id  being a f a i r l y  weak ac id  d is so c ia te s  ra p id ly  

in  comparison to hydration reaction ,

H_ CO.,  ̂HCOT + H'*’— ±H'*’ + C»~ "2 3\ 3 3

The bicarbonate and carbonate thus formed d is so c ia te s  

a ft e r  the e c tu ilib r ia  i s  e s t a b l i^ e d .

HCO“ +  H^O------- + OH*3 2 •’c--------  2 3

C0"“ + HCXfZ + OH”3 2, ^ 3

Severa l workers have done work on the a v a i la b i l i t y  o f  

to ta l carbond ioxide which in d ir e c t ly  a f fe c t  the f e r t i l i t y  o f  

the en t ire  ecosystem. V arious methods have been suggested by 

d if fe r e n t  authors fo r  the determ ination o f  to ta l carbondioxide  

in  sea w ater,

Wong (1969) has suggested an ex trac tion  method fo r  t o ta l  

carbondioxide w ith  which i t  can be determined w ith  a preceslon  

o f  + 0*15%.* : Edmond (1970) determined the t i t r a t io n

a lk a lin it y  and to ta l carbondioxide by u s in g  high  preceslon  

potentlOTietric method, * Almgreen and Fonse liu s had described  

three Im portant methods fo r  determ ination a lk a l in i t y  and t o t a l  

carbond ioxide.

(1 ) Back t it r a t io n  method, G ripenberg (1936)

(2 ) pH method Anderson and Robinson (1946)

(3) The poten tlo  m etric  t it r a t io n  Dryssen (1965)
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Park K ilho and Donald (1968) has suggested a ra d io -  

m etric f i e l d  measurement o f  carbondioxlde exchange frcm 

atmosphere to  the sea*

Kanonorl and Satoru (1982) has used the soph isticated  

technology o f  the IR absorption to  analyse carbondioxlde.

TORNVE (1880) pointed out th at carbondioxlde in  sea 

water occured in  some combined form in  add ition  to  m olecular 

carbondioxlde in  ph ysica l so lution* Hamberg (1885) suggested  

that a so lu tion  o f carbondioxlde in  sea w ater demanded the 

presence o f xmdissociatedl ^ 2 ^ 3  as b icarbonate  and

carbonate ion s* Krogh (1904) and Fox# (1909) stud ied  the  

e f fe c t  o f  v a r ia t io n  o f  the p a r t ia l  pressxire o f  carbondioxlde  

and a lk a l in it y  on to ta l amounts o f  carbondioxlde present*  

Ringer (1908) demonstrated the inverse  re la t io n sh ip  between 

p a r t ia l  p ressu re  o f carbondioxlde and pH. P a litz ch  (1910) 

looked f o r  a re la t io n  between Increase in  a lk a lin it y  and 

increase in  oxygen content. Moore e t  ^  (1912) worked on the 

changes In  a lk a lin it y  o f  sea water induced by photo synthetic  

a lgae  and oth er a lgae .

Buch (1914) c a rr ie d  out a s e r ie s  o f determ ination o f  

a lk a lin it y ,  carbondioxlde and pH in  Pojow ick. Atkins

(1922) has studied the pH and i t s  b io lo g ic a l  re la t io n  to  sea 

w ater. Ramamoorthy* (1953) studied the seasonal changes 

in  the hydrogen ion concentration and d isso lv ed  oxygen content 

o f  the su rface  waters o f  the Madras coast Harwey (1955)



has d iscu ssed  about the carbondioxide system in  sea water* 

f e n c e r  (1965) has given a c r i t i c a l  a p p ra isa l o f  the carbon­

d iox ide  in  sea w ater. K eeling (1968) has stud ied  the g lo ba l  

d is t r ib u t io n  o f  carbondioxide in  su rface  ocean w ater. He was 

ab le  to show that the va lues o f the p a r t i a l  p ressu re  o f  the 

carbondioxide in  the oceans as equ iva len t to  th a t c a lcu la ted  

from pH and a lk a l in it y ,  Thomas and David (1969) po in ted  out 

the e f fe c t  o f  hydration on carbondioxide exchange across an 

a ir -w a te r  in te r fa c e . The stud ies revea led  th at carbondioxide  

exchange ra te  fo r  a region  whose pH i s  6 ,5 was g re a te r  than 

in pH le s s  than 4, (where carbondioxide ac ts  as an in e r t  gas) 

when pH i s .g r e a t e r  carbondioxide w i l l  re a c t  w ith  w ater hydroxyl
A

ions.

Park K ilho (1969) suggested ten methods fo r  in v e s t ig a ­

tion  o f  ocean ic  carbondioxide system,

Murray and R iley  (1971 ), L i  and Tsui (1971) stud ied  the  

s o lu b i l i t y  o f  carbondioxide in sea w ater and d i s t i l l e d  water.

J o r is  (1974) d iscussed  the a lk a l in it y  and t o t a l  carbon­

d iox ide  system in  sea w ater, Castro e t  ^  (1978) has studied  

the carbondioxide system in  G u lf o f  C a li fo rn ia .

Lazar (1983) has stud ied  the carbonate system in  hyper­

sa lin e  so lu t io n , and a lk a l in it y  and Calcium Carbonate so lu b i­

l i t y  in  e v ^ o r a t e d  sea w ater, K e lla y  (1970) worked on 

the carbond ioxide in the su rface  w ater o f  the North A t la n t ic  

Ocean and the  Barents and Kara seas. In  these stud ies  fo r  a



one degree increase  in  su rface  teirperature there  i s  a ten ppm

increase  in  carbondioxide concentration . An in crease  in  oxygen 

concentration  o f  1 ml/1 i s  a ssoc ia ted  w ith  decrease o f  45 ppm 

carbond iox ide. In the Barents sea a l in e a r  r e la t io n sh ip  i s  

found between caxbondioxide and s a l in i t y .  A r i s e  o f  39 ppm 

carbond ioxide occurs w ith  an increase  o f  1 ppt su rface  a 

s a l in it y .

La i and Sa'ess (1983) stud ied  the exchange o f  carbondi­

ox ide  across  the a ir -s e a  in te r fa c e . W eiss ^  ^  (1982) studied  

e f fe c t s  o f  temperature and s a l in it y  on the p a r t ia l  p ressu re  o f  

carbondioxide in  the sea w ater,

 ̂ Lew is and W illiam  (1982) stud ied  the changes in  pH and 

b u ffe r in g  capac ity  o f lak es  in  Oolarodo Rockies*

L i  and Tsui (1971) has suggested th at the carbondioxide  

s o lu b i l i t y  should decrease due to s a lt in g  out e f fe c t .  P a le s  

and K ee ling  (1965) suggested that a t p re sen t, about hailf o f  

carbond ioxide re le ased  by burn ing o f  coa l and petroleum  i s  

accum ulating in  the atmosphere. The rem ainder i s  be in g  abso­

rbed by oceans and p o s s ib i ly  to  some extent by land p la n ts .  

(Hutchinson, 1954),

y  /
R eid  (1962) opined th at carbond ioxide concentration  i s  

in fluenced  by the presence o f  h igh  concentration  o f  p lankton .

The d is t r ib u t io n  o f  the chemical sp ec ies  as phosphate, 

n it ra te , n i t r i t e  and d isso lv e d  oxygen i s  e s s e n t ia l f o r  the



understanding o f  the major b io -chem ica l cyc le  in  the sea* 

Temperature v a r ia t io n  a lso  i s  im portant because i t  i s  accom­

panied by minor changes in  the composition o f  the sea* The 

marine concentration  o f  the d isso lv ed  gases are in  p a r t  d e te r­

mined by temperature at which equ ilib riiim  took p la ce  between 

atm o^here -  w ater system*

The a v a i la b i l i t y  o f  N u trien ts  and other v a r ia t io n s  in  

H ydrographical param etres l ik e  sa lin ity ^  d is so lv e d  oxygen and 

tenperature has been ex ten s iv e ly  stud ied  by va riou s  authors.

Rochford (1951) has e la b o ra te ly  stud ied  the A u stra lian  

hydrology. Spencer (1956) worked on the e stu a rin e  hydrology  

o f  the swan r iv e r .

Ramamritham and Jayaraman (i960) worked on the hydro- 

g rap h ica l param eters o f  the continental shel|! w aters o f f  

Cochin. They showed th at South West monsoon has profound in ­

fluence on hydrograph ica l param eters and th at the changes in  

conditions o f  these w aters from time to  time more o r  le s s  

r e f le c t s  the changing pa tte rn  in  the c lim a tic  cond ition .

 ̂ Jayaraman (1954) stud ied  the seasonal v a r ia t io n  in  

s a lin ity ^ d is s o lv e d  oxygen and n u tr ien t  in  the inshore waters  

o f  the G u lf o f  mannar and P a lk  Bay near Mandapam. K astu ri 

Rangan (1957) stud ied  the seasonal changes in  d is so lv e d  

oxygen o f  th e  su rface  w ater o f  the sea on the M alabar coast. 

Ramamritham and Jayaraman stud ied  the h ydrograph ica l condi­

t ion s o f  the back waters around W illin gdon  Is la n d . S rin ivasan
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(1964) stud ied  the lim nology and prim ary production  in  r e la ­

t io n  to  f i s h  production in  a t ro p ic a l pond*

Armstrong and Lafond (1966) d iscussed  the re la t io n sh ip  

between the t«:nperatu re^tu rb id ity  and nutrien ts#  A co rre la ted  

flu c tu a tio n  in  tenperature tu rb id ity  and n u trien ts  was 

observed,

Hie n u trien t d is t r ib u t io n  o f  the Cochin hack w aters in  

re la t io n  to environmental c h a ra c te r is t ic  was stud ied  by 

Sankaranarayanan and Qasim (1969). Ramamoorthy (1953) stud ied  

the seasonal changes in pH and d isso lv ed  oxygen content o f  the 

surface w aters o f  the Madras Coast. Venugopalan and Rajendran  

(1975) d iscu ssed  the d is so lv e d  and p a r t ic u la te  N itrogen  in  

V e lar e stu a ry . Z a fir io u  and True (1979) stud ied  the N it ra te  

and N i t r i t e  p h o to ly s is  in  the sea. A lvarez  ^  ^  (1978) stu­

d ied  the n u tr ie n ts  in G u lf o f  C a lifo rn ia *  S h l l le r  and 

Gieskes (1980) worked on the processes e f fe c t in g  the oceanic  

d is t r ib u t io n  o f  d isso lved  calcium and a lk a l in it y ,  Z a fir io u  

e t  a l (1980) stud ied the N i t r ic  oxide in  sea w ater. According  

to them d e tec tab le  q u a n tit ie s  o f  N i t r i c  ox ide  was p resen t in  

n it r i t e  r ic h  su rface  w ate rs . Sen Oupta (1980) d iscussed  the 

hydrochemical c h a ra c te r is t ic  o f  the Central West Coast o f  

Ind ia ,

G a r is id e  (1981) stud ied the n i t r i t e  and ammonia uptake 

in  the ^ e x  o f  New York B igh t, Roger Knowles e t  ^  (1981) 

discussed about the source o f  N itrous ox ide  in the sea w ater.
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Jonathan (1982) studied the diem lstry o f  Delaware estuary. 

Yoram Avimelech (1983) worked on the phosphorus and Calclxim 

Carbonate s o lu b i l i t y  in  lake  K innert. E v i l le  Gorjam et a l 

(1983) stud ied  the chemical composition o f  the lakes in  

North Central U .S.

The a v a i la b i l i t y  o f  carbondioxide and N utrien ts has 

been d iscussed  by Park K ilho (1970)•

Rao and Rao (1959) worked on the d iu rnal v a r ia t io n  o f 

the hydrographical condition o f the W a lta ir  coast, Shynanma 

and Balakrishnan (1973) and Singbal (1973) studied the d iu rnal 

va ria tion  o f  some physico-chem ical paraneters in  Cochin back 

ivaters and Zuari estuary re sp ec tiv e ly . The stud ies on the 

a v a i la b i l i t y  o f  n u trien ts and flu c tu a tion s  in  the other para­

meters l ik e  d isso lved  oxygen, s a lin it y  and temperature i s  

very much r e s t r ic te d . One among the works which are noteworthy 

i s  the d iu rn a l flu c tu ation  o f  certa in  hydrographical parene- 

ytres in our cu ltu re  ponds a t Narakkal done by Ravindran (1983) *
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MATERIAL £c METHODS

STUDY AREA

A sh o rt term study fo r  a p e rio d  o f  three months from 

mid June to mid September was c a rr ie d  out in  the brackish  

water c u ltu re  ponds a t Narakkal, Narakkal ( 10« 0 1 ®N -  75,16®E), 

i s  a f is h in g  hamlet in  vypeen Is lan d  about 11 "km North west 

o f  Cochin* The land s t r ip  i s  enclosed w ith in  the Arabian sea 

on the western side# and the Vypeen channel a branch o f  

Cochin backwater on the eastern  s ide .

IVo ponds a t NarakHal were se le c ted  as re g u la r  c o l le ­

ction  s i t e s  f o r  the e n t ire  p e riod  o f  th ree  months. One o f the  

ponds were from the Marine Prawn cu ltu re  la b o ra to ry  and the 

other from the State F ish e r ie s  Fish Cu lture Centre, The ponds 

were a t a d istance  o f  approxim ately 250 metres from the sea* 

Both the ponds are separated by a d istance  o f  about 200 M etres,

The d iu rn a l v a r ia t io n s  f o r  the m ajor n u trien ts  and 

carbond ioxide was conducted tw ice during the th ree  months o f  

study. For these stud ies two ponds in  Narakkal la b  s it e  i t s e l f  

were se le c ted ,

DSSO^IPTION OF THE PONDS

POND A : I t  i s  a sm all pond h-aving an area o f  about 200 Sq.mts, 

The bottom o f  the pond i s  m ainly muddy. The depth o f  

the pond v a r ied  from about 0 ,8  metres to even 0.45  

m etres during extreme low t id e , Peneaus in d icu s  i s
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be in g  cu ltu red  in  th is  ponds. There i s  no d ire c t  

connection w ith  the main channel.

POND B I L a rge r  pond when compared to  the other having an 

area  o f  abouto.5 h ectres . Water supply from the 

main channel i s  by an open type s lu ic e  ga te . Depth 

v a r ie d  from 0.7 to 1,3 mts. Prawns are be in g  comm­

e r c i a l ly  cu ltu red  in  th is  pond. Pond bottom i s  

muddy.

POND C : I t  i s  a pond o f  area about 0 .2  hectres and the depth 

o f  which vary ing frc»n 0 ,8  to 1,2 mts. The pond i s  

connected to the main channel by means o f  an open 

type s lu ic e  g a te . The substratum i s  muddy.

Chanos dianos^ , a h ig h ly  esteemed f is h  i s  being experimen­

t a l l y  reared  in  th is  pond.

D iu rn a l v a r ia t io n  stud ies  were conducted in  Pond A &

C on 07 -07 -*84  and 29-08-*84. Seasonal v a r ia t io n  study was 

conducted in  pond A & B during the e n t ire  pe rio d  o f  three  

months. The fre r^ency  o f  sampling be in g  once in  a week. The 

departmental Canoe was g iven  to  f a c i l i t a t e  easy c o lle c t io n  

o f  samples from Pond B,

METHOD

The sampling was u su a lly  c a rr ie d  out during the morn­

ing hours between 9 a.m, end 10 a,m. except during tivo days

i . e .  28-06-*84 and 02-08-*84 (a t  12.30 p .m .).  Four re g u la r



c o lle c t io n s  spots were se le c ted  from these ponds* vJater 

samples were c o lle c te d  from the wateer column by u sin g  a p la ­

s t ic  bucket t ie d  to the end o f  a 1,5 mt« rope#

The sanple fo r  carbon*d ioxide  was taken In  two 250 ml. 

amber co lou red  bo ttle s#  Care was taken not to entrap any a ir  

bubble* These b o t t le s  were at once t ra n s fe rre d  to an ic e  box 

(50 X 20 X 30 an s ize ) contain ing crushed ic e  so as to main­

ta in  low er temperature than the in s itu  terr^erature.

Samples fo r  oxygen estim ation was taken in  125 ml. 

b o t t le s  and f ix e d  u sin g  W inkler A & B so lu tion s* N u trien t  

samples were c o lle c te d  in  2 50 ml, w hite p la s t ic  b o t t le s  to  

which two m l. o f  ciiloroform  was added as a p re se rv a tiv e . 

Sample f o r  the estim ation o f  s a l in it y  was taken in  a d i f f e r ­

ent p la s t i c  b o t t le *

Temperature was measured irrmediately and pH measured 

e ith e r  at NaraOckal o r  a t Ernakulam w ith in  two hours o f  sam­

p lin g . The amount o£ carbondioxide was measured at the la b  

iiTWiediately a f t e r  a r r iv a l  a t Ernakulam, 'Itie n u tr ien t  samples 

were frt)zen and measured the next day*

During the d iu rn a l v a r ia t io n  stu d ies  the samples were 

c o lle c te d  once in  two hours. The param etres l ik e  temperature, 

pH carbondioxide# oxygen and s a l in it y  were measured as soon 

as p o s s ib le  -  on the same day i t s e l f  and the n u tr ien t  sam­

p le s  were taken to the la b  and analysed the next day*
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The fo llo w in g  param eters were measured during the 

sampling t

1. A tm o^h erlc  tem perature,

2. W ater Temperature

3. pH

4. S a l in it y

5. D isso lv ed  oxygen

6 . F ree Carbondioxide

7. N it r a t e  N itrogen

8 . N i t r i t e  N itrogen

9 . R eactive  phosphorus

10« T o ta l A lk a lin it y  (by d ir e c t  c a lc u la t io n
from s a l in it y )

TEMPERATURE

I t  Was measured u s in g  an o rd in ary  thermometer o f  range  

0-100®C each d iv is io n  be in g  0 .1 ®C.

pH I pH was measured u s in g  a d i g i t a l  pH meter w ith in  two 

hours o f  c o l le c t io n .

S a lin ity  t I t  was estim ated by Mohrs t i t r a t io n  method (S t r i ­

ckland & Parson 1968), The norm ality  o f  standard s i lv e r -  

n it r a te  was checked by u s in g  standard sea w ater p e r io d ic a l ly ,

D isso lved -oxvaen  : The d is so lv e d  oxygen content was measured 

using  W ink ler method (S tr ick la n d  and Parson 1968)

N it r i t e  N itrogen  : Shinh method m odified  by Bendschneider and



o

Robinson (Stric3cland and Parson 1968), The re -agen t used  

were a c id ic  Sulphanilam ide and NNED (n-naphthyl ethylene  

diamine) the d iazo  compound which i s  formed a ft e r  the reaction  

between su lphan ilim ide  and n it r it e -n it ro g e n  reac t  w ith  NNED to 

form an azodye which i s  pXrik in  co lou r. A fte r  e igh t  minutes 

and w ith in  2 hours the absorbance was measured in  a c o lo u r l-  

meter a t 530 nm* u sin g  ERMA p h o toe lec tric  co lo rim eter. Model 

H.E* 11 N Japan.

N it ra te  N itrogen  : M orris  and R iley  method (S trick lan d  and 

Parson 1968) the w ater samples a ft e r  keeping fo r  reduction  

using Copper sulphate and hydrazine sulphate fo r  20 hours in  

darkness i s  tre a ted  w ith  the Sulphanilam ide and NNED and the 

absorbance was measured a t  530 nm. u s in g  ERMA p h o to e lec tric  

co lo rim eter -  Kodel H. E. U N  Japan.

Reactive phosphorus ; Murphy and R iley  method (S tr ick lan d  & 

Parson 1968) w ater i s  a llow ed  to reac t  w ith  ammonium molybdate 

potassium antimony ta r t a ra te  in  an ac id  medium. (Su lphuric  

acid  and A sco rb ic  ac id ) A b lu e  con^lex i s  formed. The absor­

bance i s  measured u sin g  a spectrophotometer a t  885 nm.

Free carbondioxlde estim ation  (see  STD methods -  pp 298-301)

P rin c ip le  t Carbondioxlde reac ts  w ith  sodium hydroxide o r  

soditiin carbonate to form sodltim b icarbonate , conpletion  o f  

the reaction  be in g  in d ica ted  by the development o f  a pink  

colour c h a ra c te r is t ic  o f  phenolphthaleln  a t an equivalence  

pH o f 8o3.
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Re-agents ; (1 ) Phenolphthalein  reagent.

(2) STD aJk a li : E ith er 0.0454 N Sodium carbonate  

o r  0*02;J7 Sodium hydroxide,

(3) STD-Sodium b icarbonate  ( f o r  comparison o f
co lour)

NOTE j A l l  r e -a g e n ts  fo r  carbondioxide estim ation  i s  prepared  

in f r e s h ly  made d i s t i l l e d  w ater f re e  o f  carbondioxide.

The norm ality  o f  sodium hydroxide i s  determined by 

o rd in a ry  acldimet^T^^ » adkalimetm^ t it r a t io n  using  

methyl orange in d ic a to r . Sodium carbonate be ing  the 

STD.

Procedure :

Add about 5 to 10 drops o f  Phenolphthalein  re -agen t  

to 100 ml o f  sodium b ica rbon ate . The pink co lou r which deve­

lops i s  kept as a standard*

100 m l, o f  the sample i s  taken and 5 to 10 drops o:f 
phenolphthale in  i s  added and i s  t i t r a t e d  aga in st sodium 

carbonate and sodium hydroxide so lu tion . The end po in t i s  the 

development o f  a fa in t  co lou r by the add ition  o f a s in g le  drop 

o f  the t i t r a n t .

C a lcu lation  :

The amount o f  fre e  carbondioxide was ca lcu la ted  using  

the formula :
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For Soditim carbonate )
m g / litre  o f  f re e   ̂ x  22ppo

) m l. o f  san^le
carbond iox ide  )

For Sodiiun Hydroxide )
m g/ lltre  o f  f r e e  \ A .„x N x 4400Q0

carbond ioxide >

N s= Norm ality o f  Sodium Carbonate o r  
Sodium hydroxide

A = m l, o f  t i t r a n t

T o ta l A lk a lin ity  can be d ir e c t ly  c a lcu la ted  from the 

s a l in it y  v a lu e s  by the fo llo w in g  equation x

T ota l a lk a l in it y  = C h lo r in i^  ,0:. ,12,3,
10^

S t a t is t ic a l  methods t

A l l  s t a t i s t i c a l  an a ly s is  were c a r r ie d  out according

to Snedecor & Cochren (1967), For the p resen t study * t ' t e s t

are used to f in d  the le v e l  o f  s ig n if ic a n c e  fat the changing
Ukc

pattern  o f  f r e e  carbondioxide w ith  o th er param eters ^ d isso lv ed  

oxygen, pH, VJater tenperatu re , s a l in it y ,  a lk a lin ity ^  f o r  the 

en tire  p e r io d  o f  three months* L inear re g re ss io n s  and simple 

c o rre la t io n  (snedecor and Cochren, 1967) were worked out fo r  

the above param eters.
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R E S U L T S

in v e s t ig a t io n s  were r e s t r ic t e d  to Monsoon and e a r ly  

post Monsoon seasons o f  the year 1984, naanely 14th June to 

12th SeptCTiber, Ihe d ir e c t  in flu en ce  o f  the Arabian Sea over  

the ponds i s  w e ^  and t id a l  impacts are through a main conne­

c tin g  channel. Hence the Monsoon changes in  the Arabian sea 

are not r e f le c t e d  in  the Ponds in  a n o ticeab le  way and what­

ever e f f e c t s  o f  the Monsoon are  those r e s u lt in g  from heavy 

p re c ip ita t io n  and lo c a l run o ff#  the t id a l  am plitude. The 

maximum t id a l  amplitude in  the ponds i s  n ea r ly  50 ons# ISius 

there i s  a lw ays intense v e r t ic a l  m ixing in  the ponds and sur­

face  bottom d iffe re n c e s  in  the h y d ro g r^ h ic  c h a ra c te r is t ic  

are n e g l ig ib le ,  'Aie ponds are  a lso  sub jected  to unhindered  

so la r  r a d ia t io n .

Keeping in  mind the above backgrounds the ch arac te r -  

i  s t ie s  o f  the ponds are  desc ribed ,

TEMPERATURE

Itius in  Pond A the maximum teirperature o f  32»-2®C was 

observed du ring  e a r ly  August but in  Pond B the tenperature  

was 33,4®C, thermal con d ition s in  both the ponds d id

not show a gradua l change. But were dependent m ostly on the 

monsoon p re c ip it a t io n , The minimxim ten^erature  in  both the 

ponds were n o ticed  during peak Monsoono The g rap h ica l rep re ­

sentation (F ig , lA  and IB ) shows these fe a tu re  more c le a r ly  

with the a ssoc ia ted  peaks.



F ig u re  1 -  SuirjTiaxy o f  v a r ia t io n  in  Tempera-b.ire 

in  Pond I  & I I  o v e r  th e  p e r io d  o f  

study.
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SALINITY

The changes in  s a l in i t y  in  both the ponds w ith  respect  

to time are  more gradual and w e ll de fined , than thetemperature 

d is t r ib u t io n . Thus a gradual decrease in  S a lin ity  i s  observed  

from June onwards, the minimum S a lin ity  be ing  observed during  

peak Monsoon (F ig , 2A and 2B ), The minimum S a lin ity  observed  

during the in v e s t ig a t io n  pe riod  was 1,8%* - From Ju ly  onwards 

there i s  observed  a more o r  le s s  gradual Increase  in  S a lin ity  

and by mid September the va lues  was 3,63%cin pond A and 4,2% 

in pond B, Almost a l l  the observations except fo r  two d iu rna l 

stud ies were made during the morning hours# when the low t id e s  

p re v a ile d  in  the reg ion . The in flu en ce  o f  these low t id e s  

a lso  are  reinarkable in  reducing the s a l in it y  va lue  in  the 

pond,

DISSOLVED OXTGm

Super satu ration  o f  the w ater w ith  respect to  d isso lved  

oxygen was observed during two days in  the In v e st ig a t io n ,

These c o lle c t io n  were made in  the noon hours and probab ly  the 

high amount o f  photosynthesis might be a tt r ib u te d  as a probable  

cause fo r  t h is  (P ig , 3A & 3B ), Except f o r  th is  the d isso lved  

oxygen content showed a gradua l d is t r ib u t io n  pattern  w ith  time. 

At any ra te  the va lues  in  both the Ponds# were more than 3,3 

m l/ lit re . The shallow  nature o f  th e  Ponds, the thorough ver­

t ic a l  m ixing and the high amount o f  photosynthesis could con­

tr ib u te  much to these h igh  va lu es  o f  oxygen.



F ig u re  2 -  Summary o f  v a r ia t io n  in  S a l in i t y  

in  Pond I  & I I  o v e r  th e  p e r io d  

o f  s tu d y .
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F ig u re  3 -  Surrmary o f  v a r ia t io n  in  D is s o lv e d  

oxygen c o n te n t  in  Pond I  .S: I I  o v e r  

th e  p e r io d  o f  s tu d y .
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£H : These h igh  va lu es  o f  oxygen are  assoc ia ted  w ith  high pH 

va lues a ls o  (F ig , 4A and 4B ), High a lk a lin e  conditions are  

observed du rin g  these two observation s and except f o r  these  

the range o f  pH in  both the Pond was between 7,7 -  8,25, 

Acid ic  con d ition s are never encoxmtered, Com paritively the 

pH va lu es  were low er during the Pea3c Monsoon p e rio d , Hie 

minimum v a lu e  occuring during  la t e  August when temperature 

was a lso  minimum,

FREE CARBONDIOXIDE

These re la t io n sh ip  are  r e f le c t e d  in  the time d i s t r i ­

bution pa tte rn  o f f re e  carbondioxide in  both the ponds, (F ig ,  

5A and 5B) ,  The maximum va lu e s  o f  Free carbondioxide in  pond 

A was 3,9 m g / litre  and pond B i t  was 4,9 m .g/litre. These 

maximiXs- are  c le a r ly  assoc ia ted  w ith  minim\am pH and minimum DO, 

As fa r  c:s the two noon observation s are  conceimed the carbon­

d iox ide  v a lu e s  were a t  a minimum in  gen e ra l. Again there i s  

observed a gradua l tendency fo r  in c rease  in  carbondioxide  

content w ith  time in  both the ponds, Hie va lues in  pond B 

e sp e c ia l ly  du ring  la t e  Monsoon and po st monsoon were h igher  

than pond A, I t  i s  po inted  out here th at the area o f  the 2nd 

pond i s  much la r g e r  when compared to pond A, Ihe re la t io n sh ip  

between pPI and carbondioxide o f the w ater appeared to be more 

re g u la r  than the re la t io n  between d isso lv ed  oxygen and carbon­

d iox ide ,

ALKALINITY

A rough estim ate o f  the a lk a l in it y  in  the ponds was



F ig u re  4 -  Sumnary o f  v a r ia t io n  in  pH in  

Pond I  5̂ I I  o v e r  th e  p e r io d  o 

study*





F ig u re  5 -  Summary o f  v a r ia t io n  in  F r e e  CX̂ '2 in  

Pond 1 Sc 11 o v e r  th e  p e r io d  o f  c tu dy





F ig u re  6 -  Sunmary o f  v a r i a t i o n  in  / v lk a l in i t y  

in  Pond I  Si I I  o v e r  th e  p e r io d  of. 
stuc2y.
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ccfnputed u s in g  a form ula which incorpo rates  c h lo r in ity *  As 

has been d iscu ssed  the c h lo r in ity , v a lu es  are g e n e ra lly  low  

e sp e c ia lly  du ring  the monsoon season and as such the coirputed 

va lues o f a lk a l in i t y  were a lso  low . (F i g , 6A & 6B) , Looking at  

the f ig u re  f o r  a lk a l in it y  and carbondioxide i t  can be noticed  

that the minimum carbond ioxide va lue  on 28-06-*84 corresponded  

to maximum a lk a l in i t y  bu t the second minima o f  carbondioxide  

02-08-*84 d id  not correspond in  a l ik e  manner to a lk a lin it y .  

The th ird  minimum in  carbondioxide in  both the ponds were 

observed to  have not much o f  c o rre la t io n  w ith  a lk a l in it y .  Con­

s id e rin g  the com plicated chemical e q u i l ib r ia  a tta in ed  when 

carbond ioxide d is so lv e s  in  w ater, th is  appears to be not much 

out o f the way* The d is so lu t io n  again depends on fa c to rs  

other than c h lo r in ity ,  a lso  l ik e  tem perature and p a r t ia l  p re ­

ssure o f  carbond iox ide  dLn the atmosphere. In th is  p a r t ic u la r  

case a rough estim ate o f  a lk a l in i t y  on ly  has been a rr iv ed  at, 

by u sin g  c h lo r in it y  v a lu e s  a lone.

PHOSPHATE -  PHOSPHORUS

The tim e d is t r ib u t io n  o f in o rgan ic  phosphate exh ib its  

a b e tte r  r e la t io n sh ip  w ith  d isso lv e d  oxygen content than 

with f r e e  carbond ioxide content. The h igh  va lues o f  phosphate 

during the two noon observation s corresponded to the high  

peaks in  d is so lv e d  oxygen content. In pond B again the in cre ­

asing  trend  o f  phosphate during la t e  Ju ly  and e a r ly  August 

was r e f le c t e d  in  the oxygen d is t r ib u t io n  a lso  which can be 

seen from the P ig .7 A  & 7B. The trend o f  the time d is t r ib u t io n



Fio-ure 7 -  Summary c f  va i‘ i a t i o n  In  p h osp h a te  -  

phosphon.Ts in  Pond I  & I I  o v e r  th e  

p e r io d  o f  s tu d y .
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g r ^ h  o f  phosphate i s  comparable to a h igh  degree w ith  that  

o f  d is so lv e d  oxygen. As In the case in  preceed ing parameters 

the ob se rva tion  during the noon hour e x h ib i t s ’ h igh va lues  

o f  phosphate in  pond B, The genera l trend  was fo r  a le s s e r  

concentration  o f  phosphate in  pond A, An in verse  r e la t io n ­

ship i s  e x h ib ite d  between phosphate and f r e e  carbondioxide  

content. A lthough a w e ll  d e fin ed  c o rre la t io n  cannot be c la ­

imed the g e n e ra l trend i s  fo r  h igh  phosphate content when 

the w aters a re  in  a dep le ted  condition  w ith  respect to fre e  

carbond iox ide. Such a trend  i s  observed during  the observa­

tion s in  Septcanber,

NITRITE -  NITROGSM

The s ig n if ic a n c e  o f  the p a r t ic u la r  time o f  observa­

tion  in the pond ecosystem i s  again conspicuous in  the d is ­

tr ib u t io n  o f  n it r a t e  n itrogen  in both the in v e s t ig a t io n a l  

ponds. (P ig .  8A & 8B ). Thus during the noon observations as 

in  the o th e r  param eters, n i t r i t e  -  n itrogen  va lues were uni­

form ly low whereas phosphate -  phosphorus content was high.

I t  i s  p o s s ib le  th at p re c ip ita t io n  and fre sh  water in f lu x  can 

modify the n u t r io i t  d is t r ib u t io n  and hence a un iform ity  in  

the d is t r ib u t io n  pattern  cannot g e n e ra lly  be expected espe­

c ia l ly  because the ponds are  ve ry  sha llow . Even then an 

i l l  d e fin ed  iin ifo rm ity  i s  observed in pond B during la t e  

monsoon and e a r ly  po st monsoon. The maximum va lues o f  n it ­

r i t e  were again  the pond B va lue  o f  which i s  12.93 microgram/ 

l i t r e ,  and th a t  o f  pond A was on ly  9 .25. N it r ite -N it ro g e n  

va lues were h ig h e r  during the pea3  ̂ monsoon period .



F ig u re  8 -  &-immary o f  v a r ia t i o n  in  N i t r i t e -  

N it ro g e n  in  Pond I  & I I  o v e r  th e  

p e r io d  o f  st\idy*
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NITRATE -  NITROGEN

As i s  the gen era l case , the n it r a t e  -  n itrogen  va lues  

show an in v e rse  re la t io n s h ip  to th at o f  n i t r i t e  — n itrogen ,

Ohe maximuin f o r  n it r a t e  -  n itrogen  in  Pond A was 3 5 / ig/ ltr . 

and fo r  pond B i t  i s  31/ 17/ l i t r e .  But the re la t io n sh ip  o f  

n it r a t e  n it ro g en  w ith  d is so lv e d  oxygen content i s  more or le s s  

d ir e c t .  High peaks in  the d is t r ib u t io n  pattern  (F ig* 9A & 9B) 

o f  n it r a t e  corresponded to s im ila r  peaks in  d isso lv ed  oxygen 

d is t r ib u t io n *  Again high  peaks o f  n it r a t e  n itrogen  values  

more o r  l e s s  corresponded to low peaks in  carbondioxide d is ­

t r ib u t io n . The minimum va lu e  fo r  n it r a te  n itrogen  were during  

the onset o f  monsoon when the carbondioxide content was. h igh . 

The minimxim v a lu e  f o r  pond A was 3.945 and that o f  pond B^5.67,

DIURI^AL VARIATIOI-T STUDIES IN PONDS OH 07-07-*84 & 28-Q9-*34.

For a supplementary iinderstanddLng o f the n u trien t ava i­

l a b i l i t y  and carbond iox ide  content a d iu rn a l study was condu­

cted in  pond A and in  a neighbouring pond other pond B which 

was r e fe r r e d  to in  the te x t . These v a r ia t io n s  are shown in  

F ig . lOA & IOC and l lA  & IIC  ,

The in v e s t ig a t io n s  p e rta in  to two so la r  days fo r  each 

pond. The o b se rv a tio n s  were s ta rted  a t  10.30 a.m, axid were 

c lo sed , a t  8 . 30 a.m, in  the next day. Frequency o f  sanpling  

was once in  tv-?o hours#

The s a l in i t y  v a r ia t io n s  are very  n e g l ig ib le  and the 

concerned f ig u r e s  f o r  s a l in i t y  are not presented below.



F ig u re  9 -  Summary o f  v a r ia t i o n  in  N i t r a t e -  

N it r o g e n  in  Pond I  & I I  o v e r  th e  

p e r io d  o f  s tu d y .
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The teir^eratu re  p a tte rn  showed a maximum a t  2.30 p.m. 

and minimum was a t  4.30 a.m, the next day. I^ie v a r ia t io n s  

in  pH showed a comparable p a tte rn . The maxiimam peak o f  8,53  

was again  a t  2,30 p.m. and the minimum a t  6,30 a.m^ (7 ,7 9 ), 

Thus there  i s  a w ide range in  pH v a r ia t io n  throughout the 

day.

Free carbond iox ide  content was more o r  le s s  absent 

t i l l  6,30 p.m . T h e rea fte r  a gradual increase  in  carbondioxide  

Was observed  upto 6,30 a,m, where i t  showed a maximum, and i t  

can be n o t ic e d  from the f ig u re  that th is  maxlm\am peak corres­

ponded to  the  miniimim o f  d is so lv e d  oxygen contents* As usual 

th is  again  corresponded to the low est pH,

Ih e  n i t r i t e  contents showed three maxima during the 

day. The in v e rs e  re la t io n s h ip  between n i t r i t e  n itrogen  and 

n it r a te  n it ro g e n  as mentioned e a r l ie r  could be observed in  the 

d iu rn a l v a r ia t io n  a ls o . The minimum p h o ^ h a te  content in the 

pond a t  12o30 a.m, and the maximum was a t 6, 30 p.m. The range  

o f  v a r ia t io n  was 3,6 -  6,81 m icrogran atcwn./Utit

The v a r ia t io n  in  tem perature, pH, fre e , carbondioxide  

and d is so lv e d  o;jrygen contents in  pond C were almost compar­

ab le  to those  in  pond A, I t  may be noted that the nutrien t  

sample were not taken from pond C,

The experim ent was repeated  f o r  another day v iz ,  29th 

August, 1984 , In Both the ponds the general pattern  o f  

v a r ia t io n  (F ig ,  l lA  & IIC ) where comparable to the previous
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date . The in v e rse  re la t io n s h ip  between n i t r i t e  n itrogen  and 

n it r a te  n it ro g en  V7ere n o t ic e a b le  to a c e rta in  extent. Sim i- 

l a r ly  the v a r ia t io n s  in  the o th er p ro p e rt ie s  too .
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RESULTS BY STATISTICAL METHOD

The statistical analysis was carried out and correla­

tion and regression co-efficients were calculated. Even thoi.igh 

there is  not much of a correlation between nutrients and 

carbondioxide/ come other relations were found to be signifi­

cant. *t* test was conducted for various factors use in 

the formula -

t =

at 54 degrees of freedom, at S% level of significance.

POND A

CORRELATION CO-EFFICIENT

vs PHOSPHATE - 0.048 NS

^ 2
vs NITRITE - 0.1992 NS

vs NITRATE - 0.376 S

vs tei-:p  : - 0.106 NS

” 2
vs D 0 - 0.5262 S

OO2 vs SALINITY - 0.1638 NS

°°2
vs PXKALINITY - 0o0409 NS

CO. vs pH - 0.1094 NS

POND B

°°2
VS pH - 0.655 S

vs a l k a l in it y - 0.2676 S

°°2
VS p h o sph a te - 0.3995 S

vs n i t r i t e - 0.07892 NS
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° ° 2 V S NITRATE -  0.338 5

° ° 2 vs DISSOLVED OXYGEN - 0 .536 S

^ 2 vs T m P : - 0.0322 NS

O O 2 vs SALINITY -  0.0928 NS

3 S  i G N j F  V C - A M T
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• • • • • • • • • • • •

CO CO CO CO CD CO CO CO p* r- e'­

in

r*
CM

o
CO ro

m

m
o
CO

en in t̂ in
• • • •
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D I S C U S S I O N

Thus from the foregoing descriptions it can be iinder- 

stood that the nutrient content, free carbondioxide and the 

temperature conditions in these culture ponds are subjected 

to a wide range of variations eventhough, the period of obs- 

^rvation was of short duration. But the selected period was 

one, when the South West Monsoon was veiry active and one when 

the hydrographic conditions in the Cochin backwaters and the 

neighbouring sea are subjected to drastic changes.

During the Peak Monsoon seasons (July) the effect of 

Konsoon in reducing the water ten^erature of the ecosystem 

v/ere noticed* As stated in the previous paragraph except for 

the noon observations the water temperature was unifonrojy 

low and the minimum was observed during late August^ When the 

Monsoon was again active. Disregarding the noon observation 

a range of variation of nearly 6®C was observed during this 

period. Reference may be made in connection to Ramamritham 

and Jayaraman (i960) wherein it has been stated that the sur­

face waters of the Arabian sea undergo drastic thermal fluc­

tuations during peak monsoono A ssffne range of diurnal tempe­

rature variation this also noticed in the present study, A 

comparable thermal trend has been noticed by Ravindran (1983) 

wherein a diurnal variation of nearly 2 to 4.7®C has been 

observed. The tidal amplitude in the ponds was low and so much 

so a definite relationship between tidal amplitude and tempe-
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rature has observed by Qasim and Gopinathan (1969), Shynamma 

and Balakrishnan (1973) in the Cochin backwaters, is not 

observed in the present study. The full fledged influence of 

the tides may not be present in the pond ecosystem as it is 

usually felt  in the backwaters, ^ i s  is again perceptible in 

the diurnal variation study of salinity in the culture ponds# 

wherein it  is observed that very little  variation in salinity 

occur. The reasons may be either intense rainfall or the 

very weak effect of tidal currents and its effect of the 

culture ponds. The considerable di stance of the ponds away 

from the main feeder channel and the restricted water flow 

of the ponds also may contribute to this.

The salinity variations in the culture ponds are mainly 

dependent on precipitation and land rxin off only, and here 

again the Monsoon minimum is noticeable.

The high emounts of dissolved oxygen in the ponds 

appear to have acLose relation with water temperature, in the 

sense that the increasing and decreasing trends with time are 

similar in both. Photosynthesis .respiration of planktonic 

organisms and water temperature are the major influencing 

factors for the dissolved oxygen content in the pond waters. 

Such a relation between oxygen and water temperature has been 

observed by Kastxiri Rangan (1957). But the observations of 

Qasim and Gopinathan (1969), Singbal (l975) and Rao & Rao 

(1962) in the Cochin backwaters, Zauri estuary and Waltair 

coast respectively are contradictory to these observations.
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Wie pH variations in the ponds also show a wide range 

of variation, a variation of nearly 1«3 units as evidenced 

from the distribution pattern. There is generally a trend 

to maintain a constant pH in the sea and adjacent waters*

This stability can better be exemplified perhaps if  one con­

siders the buffer capacity of sea water with respect to dis­

solved carbondioxide (Wetzel 1975) in the present case 

there is found a more or less good correlation between pH 

and ODtygao content which is  positive. Such a relation­

ship has been given by Ravindran also© The buffering capacity 

of sea water has mentioned above is not so striking in the 

case of culture ponds which are, rather enclosed water bodies* 

But still the pH has never gone below the neutral range to 

the acid range.

As mentioned above the buffer capacity of sea water 

can be exemplified p e r h ^s  if  one considers this buffer 

capacity with r e je c t  to dissolved carbondioxide. This para­

meter (Beta carbondioxide) can be defined as incranental 

change in dissolved Inorganic carbondioxide required to shift 

the pH of a solution by one pH unit# Wetzel (1975). It

has inferred that the increase in carbondioxide must be counter­

balanced by other processes that tend to increase the pH of 

sea water. In the present case a more or less well defined 

inverse relationship between pH and carbondioxide has been 

observed. This inverse relationship is in good agreement with 

that shown by Ringer (1908). The g r ^h s  show the following 

relations : *
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pH COj mg/1

8 . 6  0 

7o4 3.9

Therefore for 1.2 \init pH change the amount of carbon- 

dioxide change is calculated to be 3.9 mg/litre. Hence a 

rough estimate of Beta carbondioxide parameter can be calcu­

lated as 3 .25  mg/litre. Various limitations has to be borne 

in mind such as restricted tidal flow., the fresh water influx 

and the monsoon changes, in this context.

According to the statistical analysis in the present 

case the carbondioxide and dissolved oxygen correlation in 

both the p>ondS/ there is found to be significance# but the 

relation of carbondioxide and other parameters is not so sig­

nificant, in the first pond. The reasons for this may be Is 

The smaller area of the pond, 2 s the less exchange of water 

through the single sluice gate. But in the 2nd pond free 

carbondioxide is found to have a better correlation with pH, 

dissolved oxygen. Nitrate, Phosphate and Alkalinity, main 

factors which may be responsible for this is -

1, the presence of three sluice gates on the bunds 

which facilitate a better exchange of water bet­

ween the main channel and the pond,

2. the surface area of this pond is much more when 

compared to the other. "The more the surface area 

of water the more will be the exchange of carbon­

dioxide across the air-water interface".
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The surface water ■temperature# salinity, dissolved

in the North Atlantic has been correlated with carbon- 

dioxide concentration, by Kelley (1970), The author

reports that for a one degree centigrade increase in surface 

tenderature there is  a teio, pprn. Increase in carbondioxide 

concentration. In the present case during the 2nd week of 

July an increase of nearly 1,75 mg/litre of carbondioxide has 

been observed for nearly 2*0 increase in temperature. This 

high amount might be a local modification of the peculiar eco­

system, But in general the increase In carbondioxide content 

with increase In tesnpex'ature is perceptible.

Except for the first few observation the relationship 

between dissolved oxygen and carbondioxide is  more or less 

similar to that reported by the same author, when the time 

distribution pattern of carbondioxide is analysed. But in 

the dium al variation study a different pattern is observed 

where there is  observed a gradual Increase in carbondioxide 

content with decrease in temperature and dissolved oxygen 

content. This probably refers to photosynthesis. The deple­

tion of carbondioxide is clearly related in photosynthesis 

and thus during the night observations carbondioxide is high, 

oxygen and pH and tenperature are low.

The variation of the nutrient parameters with time, 

although having an a?^proximate direct relationship with tem­

perature, phosphate does not follow a definite pattern. The 

peak phosphorus concentration was during peak monsoon when
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the temperature was not at the maximum, !flie relation between 

free carbondioxide contact and phosphate pho^horus Is also 

Irregular* Yoram Avl^elech (1983) has observed a rapid dec­

rease in phosphorous and alkalinity with an increase in pH in 

Lake Kinnert* Increase In pH is associated with decrease in 

carbondioxide and in the present case the general trend is 

also for decrease in phosphorus with decrease in carbondi­

oxide content at least during peak monsoon.

The nitrate concentration does not follow a regular 

pattern nor shov/ any definite relationship with free carbon­

dioxide, Roger Knowles (1981) has inferred that Nitrous oxide 

is  released during the disslmilatory reduction of nitrate 

during de-nitrification and also during oxidation of arrmonixom 

and nitrite ion by nitrifying bacteria. Hence the increase in 

nitrate concentration has to be generally associated with 

decrease in oxygen and increase in carbondioxide. Such a 

close relationship is not observed in the present case except 

for one or two occasions in the seasonal distribution. In 

the diurnal variation studies also this hypothesis is not 

reflected.

Desousa (1983) while investigating the Mandovi 

estuary during pre-monsoon has stated that the estuarine 

waters generally has got an internal source of nitrate in the 

chlorinlty range of 3 to 10 parts per 1000. Denitrification 

may not be the cause for the removal of nitrate in well oxy­

genated estuaries and the biological productivity is maximum
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in pre-4nonsoon season* Cie nitrate loss has be«ii mtlrely 

attributed to the biological utilisation. In the present 

case during peak monsoon the nitrate content were low whereas 

the nitrite contents were high, Bie biological denltrlfica- 

tion probably is in vogue during this season, The <dilorlnity 

range was 1 to 3*07 parts per thousand and it is possible 

that this range of chlorlnity is more or less conducive to 

the denitrification*

stiffenson and Richardson <1963) reveals that towards 

the high salinity region there is a slight increase In phos­

phate* Btwli aatttee of poAds and
I

the tM sl £kow sllgMe ioaseaae in pho>apba^«

But probably due to the enclosed nature of ponds and the res­

tricted tidal flow this slight increase in phosphate is not 

so oon^icuous in the culture ponds# except for late monsoon 

and post monsoon season and that too in pond A only*

Park Kilho et al (l97o) by investigating the carbondl- 

oxide and the nutrient contents in the Colonibla River has not 

put forward any correlation between these two parameters* In 

the present case also a definite correlation i» not at all 

obvious and as such the biological cycle of nutrients seems 

to be independent of free carbondloxlde.

Re^lratlon replenishes the bicarbonate (via carbon- 

dloxlde) available for photosynthesis and no carbondloxlde is 

added by solution from the air, in sturface waters, and from 

dissolving carbonate* The equilibria here are biological and
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and are quite complicat:ed. As the pH increases carbondioxide 

diminishes and carbonate increases and this liberate some 

excess base with sets free borate ions from undissociated 

boric acid. Thus we have both carbonate and borate equilibria 

to buffer the sea water# and this buffering act is of great

ar>c*
Ijnportant for biology (Pergusson Wood 1967).
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S U M M A R Y
«S 8  CS a  K  B  B

The present investigation pertain to the study of 

hydrological parameters such as salinity free carbondioxide, 

dissolved oxygen, pH aiui water temperature phostphate, 

nitrate and nitrite in two culture ponds at Narakkal, Weekly 

observations has been carried out for all these properties 

and the results are graphically presented and discussed. Two 

diurnal variation studies are also graphically presented. 

Since the period of observation was during peak monsoon and 

early post monsoon the salinity values were uniformly low in 

both the ponds. Intermittent low and high tenperature values 

where observed which mainly depend on the monsoon precipita­

tion. Super saturation with respect to dissolved oxygen was 

observed in both the ponds and these high oxygen values cor­

responded to low carbondioxide contents. The ponds were tini- 

formally well oxygenated during the period of investigations. 

The time of observation during a day was foiind to be signifi­

cant especially in the case of carbondioxide and dissolved 

oxygen contents, The pH value showed a general decrease with 

time although intermittent high values were also observed* The 

bicarbonate alkalinity rather availability was found to be 

high during the peak monsoon season. The overall alkalinity 

of the pond waters was also low during the peak monsoon. This 

high bicarbonate alkalinity during the monsoon is congenial 

to healthy phyto plankton growth, since plants depend mainly 

on bicarbonate ion as the source for carbon, ^ e  nutrient
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availability in the ponds did not show a definite pattern 

although there was a rough direct relationship between phos­

phate and nitrate. Nitrite content showed and inverse rela­

tionship with that of nitrate* The carbondioxid* equilibria 

were observed to be mostly dependent on water temperature pH 

and time of observation and very little correlation was obs­

erved with the biological cycle of nutrients. The diurnal 

variation studies in the conceamed ponds also, more or less 

confirmed the relationship between carbondioxide content, 

dissolved oxygen/ and pH, especially the observations during 

the night period.



84

R E F E R E N C E S
s s r s s s 8 s  =  r : s s B S

ALABASTER,J,S* Sc LLOYD,R, 1980 - Water quality Criteria for 

fresh water fish published by F .A .O . of United 

nations by Butter Worths.

ALMGREEN & PONSELIUS, S.H . - Determination of Alkalinity and

Carbonate, 1976, Methods of sea water analysia Edt, by 

Klaus Grasshaff - pp 97-114.

* ALVAREZ BORREGO ^  ^  1978 - Nutrients in the Gulf of Cali­

fornia, Cience^Mar, , Baja Calif Me'x 5(2) 53-71,

ARMSTRONG, P. A. J , & LAFOND, E.C. 1966 - Chemical Nutrient con­

centration and their relationship to internal waves 

and turbidity of South California. Limnol* Oceanoqr. 

11(4) pp 538-547.

ATKINS,W.R.G. 1922 - The hydrogen ion concentration of sea

water in its biological relations. J . mar, biol. Ass. 

U .K . V o l.X II. No.4 pp 717-772.

* BUCH,K* 1914 - Uber die Alkalinitat, Kohlensaure Und Wasserstof

fionenkonzentration in der pojovic, Fennia, Bull, de 

la soc - deqeoqraphie de Flnlande, 35, No. 3

* DELSMAN,H.C. 1939 - Preliminary plankton investigation the Java

sea. Treubia, 17(2) pp 139-182.

DESOUSA. S.N. 1983 - Studies of the behaviour of nutrients in the 

Mandovi Estuary during the pre-monsoon season..



Estuarine, Coastal and Shelf ^clencej, V61,16, No. 3, 

Academic Press,

* ERICKSSON, E. - circulation of some atmospheric constituents

in the sea, in the atmosphere and the sea in motion, 

Rossby memorial volume edited by B*Bolin pp 147-157, 

Rockefeller institute press# New York 1959,

EVILLE GORHAM ^  ^  , 1983 - The chemical composition of lakes 

in the north central United States Limnol, oceano-or 

28(2) pp 287-301,

FERGUSON WOOD 1967 - Microbiology of oceans and estuaries 

Elsevier publishing company, Ansterdam, pp 139,

FONSELIUS, S .H . 1976 - On nutrient and availability in Baltic 

Deep sea Res oceanographic review 27 (B) pp 7-12,

* F O X ,C .J .J , 1909 - Publ, Circ. Cons, Explor,^ Mer, ,  44 pp 1-31

GARISIDE, C. 1961 - Nitrate and Ammonia uptake in the apex of

the New York Bight, Limnol, oceanogr, 26(4) pp 731-739

* GAXIOLA CASTRO ^  al, 1978 - The carbondioxide system of the

Gulf of California, Cienc» Mar, ,  Baia Calif, ,  Me*x, 

5 (2 ), pp 25-40,

GEORGE W. SNEDECOR & WILLIAM G, COCHRAN 1967 - Statistical 

Methods, Oxford & IBH Publishing Co,, Calcutta.

* HAMBERG, A^, Vet Akad Handl., No, 10 pp 57,



8 6

HARVEY,H.W,, The Chemistry and fertility of sea water, Cambridge 

University Press, Cambridge, pp 153-161.

HUCHINSON,G.E. 1957 - A treatise on Ijimnology Volume I  Geo­

graphy, Physics and Chemistry, Wiley, New York pp 1015

JAYARAMAN,R. 1954 - Seasonal variation in salinity dissolved 

oxygen and nutrients salts in the inshore waters of 

the Gulf of Munnar and Falk Bay near Mandapam South, 

India, Indian Fish. V o l.I , pp 345-364.

JOHN,J, KELLEY,Jr, 1970 - Carbondioxide in the surface waters

of the North Atlantic Waters and the Barents and Kara 

seas* Llmnol, Ocean err, 15(1) pp 79-87.

ECMOND, 1970 - High precession determination of titra­

tion alkalinity and total carbondioxide content of 

sea water by potentio metric titration. Deep Sea res. 

17(4) pp 737-750.

JONATHAN, H. SHARO et 1982 - The chemistry of the Delaware

estuary. General considerations. Limnol. Oceanoqr. ^

27(6) pp 1015-1028.

JORIS,M. GIESKES 1974 - The alkalinity and total carbondioxide 

system in sea water, 'The Sea' edited by Goldburg ED 

Volume V, John Wiley & Sons.

* KANAMORI, SATORU 1982 - Ship board calibration of an IR absor­

ption gas analyser for total carbondioxide determina­

tion in sea water. J^Oceanoar. Soc.Japan 38(3) pp 131-136



8';

KASTURI RAKGAN,L.R* 1957 - A study of the seasonal changes in 

dissolved oxygen of the surface waters of the sea on 

the Malabar Coast, Indian Fish (4(1) pp 134-149.

KEELING, C.D, 1963 - Carbondioxide in the surface ocean water,

4,Global distribution, J^Geophys Res»*73, pp 4543-4553,

KXLHO PARK et 1970 - Nutrients and carbondioxide in the

col^Jmbia Rivers. Limnol* Oceanogra. 15(1) pp 69-79,

* KROG,A. 1904 - MEDD Gronland, 26, pp 331-405.

LAL, D, Sc SUESS 1983 - Some comments on the exchange of carbon­

dioxide across the air sea interface. J . Geophy Res. 

V o l.8 8 ,  N O .C 6 .

LAZAR, B. & STARINSKy,A, et 1983 - The Carbonate system in

hypersalin solution. Alkalinity and Calcium carbonate 

solubility of evaporated sea water. Llmnol. oceanogr. 

28(5) pp 978-986.

LEVVIS, WILLlAM,M,,*Jr« 1982 - Changes in  pH and baffering capa­

city of lakes in Colarodo Rockies. Limnol. Oceanogr. 

27(1) pp 167-172.

* MOORE,B., ED IE ,E .S ., WHITLEY, E. & DAKIN,W.J. 1912 - The nutri­

tion and metabolism of marine animals in relation­

ship to (a) Dissolved organic matter and (b) parti­

culate organic matter of sea^ Biochem.J .  6, 255.



88

MURRAY, C.N. & RILBZ,J.P, 1971 - Ihe solubility Of gases in

distilled water and sea water, carbondioxide* Deep- 

Sea Res. Vol#18 pp 533-541.

PALES,J*C. & KEELING,C.D. 1965 - The concentration of atmos­

pheric carbondioxide in Hawaii J« Geophs Res«, 70, 

pp 6053-6076.

PARK,P.KILHO 1969 - Oceanic carbondioxide system an evaluation 

of ten methods of investigation. Limnol.oceangr.

Vol.14 (2) pp 179-186.

PARK KILHO & DONALD^W.HOOD 1963 - Radiometric field measurement 

of carbondioxide exchange from the atmo^here to the 

sea. Limnol.oceangr. 8(2) pp 287-288

QASIM,S.X. & GOPINATHAN,C,P. 1969 - Tidal cycle and environ­

mental features of C3ochin back waters, Proc. Indian. 

Acad.Sci.# 69(6) pp 336-348.

RAMi^RTHy^S. 1953 - Seasonal changes in the hydrogen ion con­

centration and Dissolved Oxygen content of the sur­

face water of the Madras Coast. J .Madras TJhiv. 23 B 

(10) pp 52-60.

R/MAMRITH;a4, C.P. &  JAYARAMAN,R, 1960 - Hydrographical features 

of the continental shelf waters off Cochin during the 

year 1958-*59. J .Mar. Biol. Ass, India 2, pp 199-207

RAM»!RITHW4,C.P. & JAYAR/MAN,R. 1963 - Some aspects of the hydro- 

graphical condition of the backwaters around W. Island,



89

Cochin, Ibid 5, pp 170-177.

RAD,T*S»S. & RW,SmV*S* 1959 - Studies on diumal varla'tlons 

In hydrographical conditions of the Waltair Cbast, 

Ibid 4 (1), pp 23-43.

RAVINDRAN,N, 1983 - Studies on the diumal variation of certain 

environmental parameters of in culture ponds* M«Sc, 

dissertion centre of advance studies in mariculture, 

CNFRI.

RSID,J,L. 1962 on the circulation# pho^hate phosphorus content 

and Zooplankton volume in the i^per part of the paci­

fic ocean# Limnol«oceanoar« 7, pp 287-306.

REID & WOOD 1976 - Ecology of Inland Waters and Estuaries, 2nd 

edition, pp 192-224. D.Van Nostrand Ccmipany, New 

York, Cincinnati Totonto, London, Melbon;

RILEY, J .P . & SKIRROW,G, 1975 - ‘Uie dissolved gases - carbon- 

dioxide chemical oceanography Vol.2 second edition, 

Sec.9.3.1* Academic press, London.

* R I N G E R ,W .E . ,  1908 - Verb. Ryksurst. Onderz. Zee., 2, pp 1-22

ROCHFORD,D.J. 1951 - Studies in Australian Hydrology I, Intro­

ductory and comparitive features. Aast. J.Mar. Fresh. 

W.Res., 2 pp 1-116.

ROGER KNOWLES, DAVID,R.S., LEAN, YIU KWOK CHAN 1981 - Nitrous

oxide concentrations in lakes s variations with depth 

and time. Limnol.oceangr. 26(5) pp 855-865.



90

SAM,BEN-YAAKOV 1973 - pH Buffering of pore water of recent 

anoxic marine sediments, Limnol^Oceanqr, 18 (l) 

pp 86-94.

SANKAR/iNARAY;^AN,V,K. & QASIM, S*Z. 1969 - Nutrients of Cochin 

Backv/ater in relation to environmental characteris­

tics, Mar.Biol. 2 : pp 236-247,

SEN GUPTA, R. et 1980 Chemical Oceanography of the Arabian 

sea Part V Hydrochemical characteristic of the 

central west coast of India, Indian Journal of Mar. 

sc. Vol.9 pp 240-245.

SHILLER, A.m ; & GIESKES,J.M. 1980 - Processes affecting the

oceanic distribution of dissolved calciiam and alka­

linity. J . Geophys Res.5(C5) pp 2719-2727,

SHYNAMMA^C.S. & BALAKRISHNAN,K.P. 1973 - Diumal variation of 

some physyco chemical factors in Cochin backwaters 

during South West monsoon, J .Mar. Biol. Ass.India (l5(l) 

pp 391-398.

SINGHBAL, S .y .S . 1973 - Diumal variation in some physico chemical 

factors of Zuari estuary of Goa Indian.J .Mar. Sci. 2(2) 

pp 90-94-*

SKIRROW,G, 1965 - The dissolved gases - Carbondioxide, G h^ter  7, 

in Chdnical oceanography edited by J .P , Riley and 

G, Skirrow - pp 227-322, Academic Press, London,



9 i

SPENCER, C .P . 1965 - The Carbondioxide system in sea water - A 

critical ^p raisal, Oceanqr>Mar« Biol« Ann«Rev« ̂  3, 

31-57 Harold bam es, Ed, Publ. George Allen & Unwin 

Ltd ., London*

SPENCER,R, S. 1956 - Studies in Australian Estuarine Hydrology 

I I  Tile Swan River, Aust, J ,Mar«Fresh,W ,Res. Vol*7 

pp 193—253,

SREENIVASAN, A, 1964 - Ihe Limnology, Primary production and

Fish production in a tropical pond, Limnol. oceanar, 

Vol,9(3) pp 391-396,

STRICKLAND, J .D .H , & PARSON, T .R . 1968 - A manual of seawater 

analysis. Bull, Fish Res, Bd,, Canada, pp 125

* STUMM,W & MORGAN, J .J ,  1970 - Aquatic Chemistry, An introduction

emphasizing chemical equilibria in Natural V^aters,

New York, Wiley-Interscience, pp 1583,

SVERDRUP,H.V,, JOm-^SON,M,W,H, & FLEMING,R,H, 1942 - The oceans 

pp 1087, Prentice Hall, Eogle Wood Cliffs, N ,J ,

THOMAS, E,HOOVER & DAVID, C, BERISSHIRE 1969 - Effects of Hydra­

tion on carbondioxide exchange across in Air-water 

interface, J , Geophys Res, VoU74, No, 2 pp 456,464,

* T0RNE0,H, 1080 NORWEG, North Atlantic Exped, 1, pp 22-44,

UDAiTA VARMA THIRU PAD,P. & C.V,GANGADHARA REDDy 1959 - Seasonal 

variations of the hydrobiological factors of the 

Madras coastal waters, Indian Fish Vol£ pp 298-305,



9

VENUGOpALAN,V.K. & RAJENDRAN 1975 - Dissolved and particulate 

Nitrogen in Velar Estuary* Bttll^Dept^Mar, Scl«Univ« 

Cochin, V II , 4, pp 885 - 897,

WET2EL, R.G* 1975 - •Limology', W .B. Saunders Company pp 174-175,

W EISS,R ,F ., JAHJ3KE,R.A. & KEELING, C .D . 1982 - Seasonal effects 

of tanperature and Salinity on the partial pressure 

of carbondioxide in sea water. Nature, London, 300 

(5892) - pp 511-513,

WONG, C. S. 1970 - Quantitative analysis of total carbondioxide

in sea water - a New extraction method. Deep-sea Res, 

Vol,l7 , pp 9-17,

YOR^M AWIMELECH 1983 - Phosphorus and calcium carbonate solu­

bility in Lake Kinnert, Linmol, Oceanoqr, 28(4) 

pp 640-645,

YUAN HUI LI & TIEN FUNG TSUI 1971 - The solubility of carbon­

dioxide invater and sea water, J>Geophvs, Res, 76,

No,18, pp 4203-4207,

2AFIRICU,0.C. & TRUE,M,B., 1979 - Nitrate photolysis in sea

water by sxinlight. Collected reprints Part I  (4093),

2AFIRI0U,0.C, & TRUE,M.B,, 1979 - Nitrite photosysis in sea 

water by sunlight. Ibid 4083,



9o

ZAjFIRIOU ^  alt 1980 - Nitric oxide in sea water woods Hole

Oceanographic Institution, collected reprints No.4328 

Part I ,

STANDARD METHODS 1976 - Anerican Public Health Association, 

XXXIX + 1193 pp.

★ Not referred in the original.


