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ABSTRACT

Diurnal changes in temperature, ‘salinity, dissolved oxygen, pCO,,

) (HCG{) {CO;-2 ) and ionic product of calcium carbonate were studied.in

”\:i'rgin and reclaimed :mangrdve waters of Sundarbans during monsoonal run off. -

{ 1Su‘rfacc water of both' the places was undersaturated with respect to Oxysen

" and partial pressure of carbon dioxide remau\ed high. Lower calcium/chlorinity

5_values than those in the open ocean were obtained. Coesidering high pCO, -

“& changes ‘in calcnum/chlormuy ratio between day and mg.ht possibilities of
A, precipitation or dlsso}uhon of calcium carbonate were examined,

; Key-wwds: Sundarbans, carbon dioxide syslem.

INTRODUCTION

Study of varbon dioxide system is especially interesting in view of the
controversies in water pollution studies, as to whether curbon dioxide or phos-~
phorous is the major limiting factor in fresh water and therefore, the key consti-
tuent in the process of cultural euirophication (Kuentzel, 1969; Lange, 1967).
Carbon dioxide, like oxygen may be pressent in water in highly variable amounts
but its behaviour in water is rather different and its impact on ccosystem has not
been adequately conceived. It is, therefore, difficult to make general statement or
its role as a limiting factor (Odum, 197]1).

The ecology of the Hooghly estuary has been subjected to major change
after the commissioning of the Farakka Barrage on the Ganga on 2Ist April,
1975. Obseryations on the ecological changes in Hooghly estuary were made by
Nandi, Bagchi and Majumder (1983) to estimate the effect of fresh water release.
During freshet, when the fresh water outflow is at its maximum, the decomposed
organic matter carried by flood waters into the riverine sysiem reaches a
kigh level which is supposed to gear up the carbon dioxide systzm substantially.
A summary of the large-scale variations in partial pressure of CO. in surface
oceanic waters and their relationship to patterns of oxidation is given by Skirrow
{1975). Adequate attentions were not paid o this eftect by the pravious workers
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(Bhunia and Choudhury, 1982; Nandi, Bagchi and Majumder, 1933). Seldom
any observation has been made on variations in partial pressure of CQ, in man-
grove waters which is of importance in the ecology of deltaic Sundarbans, This
prompted to study and to compare the carbon dioxide system at two stations -—
one in a reclaimed area, River Mooriganga (21° 52'N and 88° 16’E) where the
fresh water flows in larger proportion and another in a virgin arza, River Sapta-
mukhi 21° 43N and 88° 18’E) where fresh water discharge is less, during

......

9-12 August, 1986; The station positions are shown in Fig. 1, {

MATERIALS AND METHODS

Water samples were collected from one meter depth using Nansen bottle
every three hours over a 24 hr. period during 9-10 August, 1986 at Saptamukhi
(8m depth) & 11-12th August, 1986 at Mocoriganga (10m depth) ‘The parame-
ters measured were temperature, salinity ~ dissolved oxygen, pH; alkalinity, calcjum-
magnesiun and primary productivity. Two sets of samples were stored in well
scaled plastic boities and brought to the shore laboratory where calcium and mag-
nesiun-were determined by the method of Culkin and Cox (1986). The preci-
sion of this method has been found to be + 0.38% (Sen Gupta, Naik and
Singbal, 1978). Salinity and dissolved oxygen were measured by standard analy-
tical methods (Grasshoff, Ehrhardt and Kremling, 1983). pH was measured with
a portable battery operated pH meter (Sensitivity + 0.02 pH Unit). Alkalinity
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rFig. 1. M:ip' showing station locations. -
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was wetermined ‘by the pH miethod of Anderson and Robinson as modified by
Culberson, Pytkowicz and Howley ' (1970). Values of pkK’; & pk’; of carbonic
acid given by Plath, Johnson and Pytkowicz (1980) were used for the calculation
of carbionate and bicarbonate concentrations. For solubillity co-efficient of carbon
dioxide the formula provided by Weiss (1974) was used fo calculate p(‘f)z. A
plot of ApH/ v versus v was used to evaluate the completion of titration.

\Smce most pH ‘values lie in between 7.35 and 7.95 and conmbu'non of the borate
ion to fotal alkalinity is significant at pH value “above 8, is thercfore,
ignored here (Riley and Chester, 1971). Primary producuwty was deterinined
by the oxygen bottle method ( Strickland and Parcons, 1968)

RESULTS AND DISCUSSION

One set of observations of the time~variable chemical parameters during
9-12 August, 1986, at Saptamukhi and Mooriganga over 24 howrs at each station
is presented in Figs. 2 & 3. It was found that salinity at Mooriganga varied beta
ween 2.48 x 10-# and 9.89 x 10-3 whereas at Saptamukhi it was between
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Figs, 2 & 3.
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19.98 x '10-° and 23.55 % 10-8 indicating less dilution in this region during the
freshet time compared to. Mooriganga area. Dissolved oxygen calculated in terms
of ‘percentage saturation showed inverse correlation with salinity at the -Sap<
tarukhi’ Station’ (Fig. 3). Percentage saturaiion of oxygen increased from 90. 1to
100.6. when salinity decreased from 23.55 x 10-3 to 19.98 x 10-3 at the Sapta-
mukhi Station. But the situation was chserved to be different at Mooriganga where
dissolved oxygen * increased when_ salinity increased and decreased when salinity
also decreased indicating that the incoming fresh water was Iess saturated with
respect to oxygen (Fig. 2). Percentage saturation of oxygen decreased from
100.8 to 98.3 when salinity also decreased from 9.89 x 10-3 to 2.43 x 10-* The
depletion of oxygen can be expected to occur in the upper reaches of the
Hooghly river as a result of sewage discharge, virtually without any treatment
(De, 1986). Partial pressure of carbon dioxide was observed to be very high,
specially at Saptamukhi where dilution was less. It showed a maximum value of
39.99 x 10-¢ atnp. 0300 hrs, and ‘a minimum value of :10.822 - x 10~ atm. at

4200 hrs when oxygen-also showed 2 increasing trend. This could - be- due to
blodegrad'mon -of organic matter in the water column, ’[‘he total dlffercnce bet-
ween night and day time was 29:.17 x 104 atm. 0 s

A]though temperature is one of the factors which influcnces the variation
of pCO, (Takahashi, 1961), yet the variation cf the average surface temperature
during the tidal cycle between day and night time at both the staticns was  only,
less than 1°C. At Mooriganga pCO, also showed a high value of 15.26 » 10-¢
atm. at G300 hrs. The average value of the pCO, was 17.19 x 10~* atm . at
30.7°C and average value of percentage saturation of oxygen was 98.9 at Sapta-
mukhi. At Mooriganga, average valuz of pCO, was 11.14 x 10-4 atm. and per+
centage saturation of oxygen was 93.57 at 29.9°C. At both the places surface
water 1emained under-saturated with respect to oxygen and the partial pressure
of carbon dioxide remained high. For oxygen saturation the critical vzlue of “t™
obtained from the table (2.101) at 0.05 probability level is lower than the obser~
ved value of 4.07. For pCO, the critical value of “t” (2.11) at 0.05 probability
level is also lower than the observed value of 2 42. Therefore, the difference
between the virgin and stressed environments are significant The aross 2nd net
productivity at Saptamukhi weére observed as 77.9 mgC m-? hr'! and 58.1
mgCm-3 hr-1 whercas at Mooriganga  the corresponding values were 19.58
mgCm-3 hr-tand 9.69 mg Cm* bi*? respectively while the climatic conditi-
ons at both the places were similar. This indicates that the low saline area be-
comes less productive due to high turbidity and less penetration of light.

The effect of high pCO, was observed in the calcium carbonate satura-
tion. The calcium/chlorinity ratio for the samples from Saptamukhi and Moori-
ganga were found 10 be 0.01718 + 0.000143 and 0.0220¢ + (.00050 respecti-
vely with an average calcium concentration of 4.992 x 10-* mol/kg and
1.5554 x 10-3 mél; kg. These values are Jow compared to the open sea as. repor-
ted by Sen Cupta, Naik and Singbal .(1978). - The lowering of the leveis of cal-
cium in the Mandovi and Zuari estuary was also -observed "during the monsoon
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menths by Sen Gupta and Naik (1981). Since the calcium concentration at the
source ‘was ‘not estimated, a defmne r'onc]usmn reoardmo its - sem-bonsuvmwe
nature couldnot be drawn here, -~ - ‘ T

~ Dissolved oxygen varied from 112.2% at 1800 hrs to 93.8% at C6OC hrs.
- at Saptamukhi which indicates the effect of increase in intensity of respiratory
processes during night and absence of photosynthesis. At Mooriganga this
difference was not signiﬁcant.

To study the effects of these processcs on the dissolution and precv"m»
tion of calcium carhonate, the degree of saturation was calculated by using the
equation given by Ingle (1975), for samples frem Saptamukhi station where the
average degree of saturation with respect to calcite decrcased steadily from 12
during day time to 6 during night time. For samples from the Mooriganga station
the equation was no: applicable due to low salinity value. Therefore. the ionic
product of CaCO; and (HCOy )/ (CO;-2) have been compared with time and
presented in Figs. 2&3. Thus it may be inferred that, inspitc of high pf‘O) and
(HCO )/ (CO;"") ratio at night the water remained at Jeast six fold sure:
saturated with respect to calcite. At Mooriganga Ca/Cl ratio showed higher a]ue
than Saptamukhi due to decsease in salinity and the variation in ionic prodiict of
calcium carbonate and (HCO-3)/ (COs~2) ratio showed pr*dormnapcn of tidat
influence (Fig. 2). It was observed that average maximum buffer index of bicar-
bonate (BHCOs™),,,, -, was 3.32 times greater than the maximum uffer index
cf carbonate, (CO-%) . at Saptamukhl whereas ( BH(,O Y ey - Was 4.37

times greater than (;‘ ]C 03--) max > At Moongc.noa

- . Usually those organisms whlch use calcium carbonate are most abundant
wiere the partial pressure of COjy is low. Also the successful precipitation of cal-
cium carbenate depends upon the equilibrium. Ca** + 2HCO.~ = CaCOs + COs
-+ H.O and is favoured by high (Ca*2) and low (CQO;). In both environmen:s
(Ca*?) is Jow and pCQ, is high indicating less possibility of precipraticr. Thel
increase of the calcium/chlorinity ratio for the samples from Mocoriganga during
the night tirie were found to be 0.26%. No significant difference in calciumn’
chlorinity ratio between day and night time for samples from Saptamukhi was
observed. Therefore, the decrease in supersaturaﬁncm was due to the increase of

pCO, and not due to precipitation.

The spontaneous prec1pﬂtauon of calcium-carbonate is. very slow in sea
water,: apparently because of the presence of Mg+ jon which strengly impeds the
crowth of CaCO; crystals. Caly 9%  of CO;*- in sca water occurs in the freo
form. 7% .in combination with Ca*? and a very high proportion (67%) with
Mg+t (Garrles and Thompson, 1962}, The jon pair would have to be extensively
broken up for calcium carbonate to form spontancously. The magnesium/chlori-
nity ratios for the -samples from Saptamukhi and Mocriganga were found to be



160 S * GHOSH et ab’ R

0.05671 4 0.002 and 0.05689 = 0.0241 respectively with an average magne-
sium concentration of 2.74 x 10-2 mol/kg and 0.67 x 10-2 wmol/ke. Therefore
the possibility of dissolution of calcium carbonate: at Mooriganga - during night
time may not be completely ruled out.
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