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Data Bank
A number of studies on different aspects of the lower Gangetic 

delta complex have been published over the years, which include 
description of the data (and methods) at different times over the 
past three decades [1-10]. Real time data were also collected 
simultaneously since 1998 from the sampling site during high 
tide condition to assure quality and continuity to the data bank. 
Finally time series analysis was performed to forecast the trend 
of selected variables on the basis of the past 30 years’ real-
time data. Exponential smoothing method produces maximum 
likelihood estimates and can reflect the future trend of the 
selected variables. This approach was used to forecast the values 
for aquatic pH and selected heavy metals (Zn, Cu and Pb) in the 
ambient media of the sampling station till 2043. Predictions of 
the selected variables were carried out (using statistical models) 
to see the future of the region after 30 years.

Gangetic Delta Water: Present and Future
Surface water pH 

The surface water pH exhibited variation within a small 
range. The lowest and highest pH values were 8.27 (in 2013) 
and 8.34 (in 1984) respectively (Figure 2). The forecast method 
predicts the pH value to be 8.28 during 2043 (Figure 3). 

Dissolved metal 

The order of dissolved heavy metals in the estuarine water 
is zinc > copper > lead. In the selected station, zinc ranged from 
234.29 ppm (in 1984) to 501.90 ppm (in 2013) (Figure 4), 
dissolved Copper ranged from 50.95 ppm (in 1984) to 264.00 
ppm (in 2013) (Figure 5) and dissolved lead ranged from 
8.59 ppm (in 1984) to 43.83 ppm (in 2013) (Figure 6). All the 
dissolved metals exhibit an increasing trend. It is also predicted 
that dissolved zinc, copper and lead will touch 698.98 ppb 497.65 
ppb and 76.60 ppb respectively after a period of 30 years (Figures 
7, 8, 9). 

Biologically Available Sediment (BAS) metal

In the sediment compartment, the biologically available 
heavy metals exhibited a decreasing trend with time. During the 
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The Hugli estuary, in the extreme western part of the lower 
Gangetic delta in the downstream region is a major estuary of 
the tropics. It is adjacent to the highly urbanized city of Kolkata, 
Howrah and the newly emerging Haldia port-cum-industrial 
complex. The selected sampling station (marked in yellow 
square) is 2.8 km off Sagar island (the triangular big island on 
the middle of the map), which is almost at the confluence of 
the Hugli estuary and the Bay of Bengal (Figure 1). This area 
has been selected as the test bed of the present study owing (i) 
presence of multifarious industries that are the point sources 
of zinc, copper and lead (ii) continuous plying of fishing vessels 
and trawlers that use antifouling paints for conditioning, whose 
main ingredients are zinc, copper and lead (non-point sources) 
(iii) presence of brick kilns, industries and thickly populated city 
of Kolkata, Howrah and the Haldia port-cum-industrial complex 
that serve as the primary sources of carbon dioxide at the local 
level and (iv) a major navigational channel in the region.                                              

Figure 1: Sampling station (marked in yellow square) in the Hugli estu-
ary
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Figure 2: Temporal variation of surface water pH.

Figure 3: Forecast values of surface water pH.

Figure 4: Temporal variation of dissolved Zinc.

Figure 5: Temporal variation of dissolved Copper.

Figure 6: Temporal variation of dissolved Lead.

Figure 7: Forecast values of dissolved zinc.

Figure 8: Forecast values of dissolved copper.

Figure 9: Forecast values of dissolved lead.

study span of 30 years, the values of zinc decreased from 92.75 
ppm (in 1984) to 42.44 ppm (in 2013) (Figure 10). For copper, 
the values decreased from 32.49 ppm (in 1984) to 12.05 ppm 
(in 2013) (Figure 11) and for lead, the values decreased from 
20.47 ppm (in 1984) to 3.88 ppm (in 2013) (Figure 12). It is also 
predicted that the values will touch 7.63 ppm for biologically 
available sediment zinc and practically nil for both copper and 
lead during 2043 (Figures 13, 14, 15). 

Climate Induced Dirtiness?
In the marine and estuarine compartments, heavy metals 

originate from both natural and anthropogenic sources. It is 
to be noted in this context that the industrial sources of heavy 
metals have not increased during the last two decades in the 
region, but the concentrations of dissolved heavy metals have 
increased substantially in the estuarine system. This can be 
confirmed from the industrial scenario around the study region, 
where the diversity and production volume of the industry have 
not increased substantially since last three decades. Interestingly 
the same metals have significantly decreased in the surface 
sediment compartment. After carefully scanning the health card 
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Figure10: Temporal variation of sediment zinc.

Figure11: Temporal variation of sediment copper.

Figure12: Temporal variation of sediment lead.

Figure13: Forecast values of sediment zinc.

Figure 14: Forecast values of sediment Copper.

Figure 15:  Forecast values of sediment lead.

of downstream Ganga water. The aquatic pH, however, decreased 
as seen from the present data set, and thus it can be confirmed 
that acidification of estuarine water is a plausible reason of 
dissolution of heavy metals from the sediment compartment 
to the aquatic phase as evidenced by the significant inverse 
relationships between the respective dissolved and biologically 
available heavy metals in sediment. The aquatic pH is the 
main player behind the transference of heavy metals from the 
underlying sediment to overlying water column. 

Requirement for a Policy Change
Till date, the Gangetic water monitoring programme never 

considered the natural forcing of climate related phenomena 
in the management action plan. The present article with long 
term scientific data and figures clearly points out the inclusion 
of climate change related events (preferably acidification) while 
developing the management policy for ecosystem restoration.
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