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Wastewater generation is an explicit factor of urbanization. Urban expansion has imposed a pressure on wastewater man-
agement across world and Kolkata is no exception. Wastewater in Kolkata is treated by four Sewage Treatment Plants (STP)
and the vast wetlands at the eastern fringe of the city, the East Kolkata Wetlands (EKW). The wastewater treatment by STPs
is insufficient both in quality of treatment and quantity of water treated. To compound the problem EKW area is shrinking due
to rapid urbanization. To deal with the wastewater management in Kolkata, an effective treatment process is presented in
this study. Wastewater treatment by natural process or bioremediation is considered as an efficient and environmentally safe
technology for inexpensive decontamination of polluted water. This study has been designed to understand the efficiency of
cyanobacteria treated wastewater compared to the conventional stabilization pond system followed at EKW fish ponds and
also to propose for reuse of these important nutrients to return them to the environment. In the course of this study, it has
been found that the wastewater treated with blue-green algae Anabaena sp. shows improved water quality than the water
treated by conventional system at stabilization pond. Thus bioremediation by blue-green algae offers a good opportunity to

deal with the problem of wastewater management in Kolkata.
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Introduction

Wastewater generation is a factor of human activities. As
with major cities in the world, rapidly increasing urban popu-
lation has imposed a pressure for wastewater management
of Kolkata. Treatment of wastewater is a basic mandate prior
discharge into any natural water body. A considerable por-
tion of the wastewater in Kolkata is treated by a vast stretch
of wetlands on the eastern part of the city, the East Kolkata
Wetlands (EKW), a Ramsar site, an area of 12,500 hect-
ares, consisting of 264 fish ponds?. It helps the Kolkata Mu-
nicipality to save almost Rs. 1,300 million per year for treat-
ing wastewater and for the fish farmers an expenditure of
Rs. 60 million is averted every year for buying fish feed?.

Bioremediation is considered as an efficient and environ-

mentally safe technology for inexpensive decontamination
of polluted water3# indicated that cyanobacteria have im-

mense potential in the remediation of polluted environments.
Although nitrogen and phosphorous are the key elements
for algal growth, they are also serious pollutants in many
water bodies as because excess of nitrogen and phospho-
rus lead to fast ageing of any water body and ultimate death
of the system. Blue-green algae can thrive in nitrogen and
phosphorus-rich conditions common to many water bodies
and this feature can be utilized to not only remove but also
capture these important nutrients to return them to the ter-
restrial environment for reuse®; Markou and Georgakakais
(2011) reviewed the environmental factors that affect the bio-
mass generation of filamentous cyanobacteria in agro-indus-
trial wastewater.

The wastewater treatment at EKW is done by stabiliza-
tion pond method, where the waste gets converted into nu-
trients and in turn supports production of fish, consumed by
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local people on a daily basis’, thus the natural resource re-
covery. Though EKW contributes in a big way in cleaning the
city wastewater, it has got some problems which are posing
a threat on its existence®.

Under such circumstance to address the waste manage-
ment problem of Kolkata, this study has been planned to
understand and compare the bioremediation potential of con-
ventional stabilization pond system with an algal pond. As in
the process of remediation, the algae leach nutrients from
waste water, hence also to propose the possible utilization
of these nutrient-rich algae by distributing them as fish food
in the stabilization ponds of EKW area, especially in the fur-
ther downstream section. Inthe present study, photosynthetic
nitrogen fixing cyanobacterium, Anabaena sp. was used to
find out their efficacy in remediating the wastewater of Kolkata
city, which contains both domestic and industrial effluent.

Experimental

The water samples were collected from three sampling
locations, on the same day, listed in Table 1. The sample
collected from Keshtopur canal (location #1) was used for
treatment with algae. The second sample was collected from
the fishery feed canal at Bantala (location #2) and the final
sample was collected from Goltala fishery (location #3), a
state-owned fishery and is listed under State Fisheries De-
velopment Corporation. Locations #2 and #3 were chosen to
understand the efficiency of stabilization pond system at EKW.

The city waste enters into EKW area through Dry Weather
Flow Canal (DWF) and gets distributed into different fish
ponds lying on both sides of it by many secondary canals
known as fishery feed canals. Wastewater on its way through
DWF canal gets diluted; hence the estimation of the param-
eters gives a wrong impression about the quality of water in
a place away from the source. But for example, in Bantala
area, selected for sample collection to get the actual value of
the parameters is because a new canal carrying wastewater

Table 1. Sampling locations (marked with GPS coordinates)

Sampling point #1 Sampling point #2 Sampling point #3

(Keshtopur canal) (fishery feed canal (Goltala fishery)
at Bantala)

Keshtopur canal Bantala tannery effluent Goltala fishery

(GPS: 22.58°N; (GPS: 22.54°N; (GPS: 22.54°N;

88.41°E) 88.43°E) 88.43°E)
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joins the DWF at this area. Goltala fishery is selected be-
cause wastewater from DWF canal in Bantala area enters
into the Goaltala fish pond 1.5 km away from it, for treatment
by stabilization pond method.

Immediately after water collection, the samples were
taken for analysis. All estimations were done following the
standard regulations from APHA®. All parameters were tested
in triplicate.

Blue-green algae Anabaena sp. is found in shallow water
area. For the present study, Anabaena sp. was collected from
rice field in Burdwan district (23.23 latitude and 87.86 longi-
tude) and was identified under microscope (Olympus, MLX-
B Plus). The collected algal species was cultured in BG11
broth for 2 weeks. Then it was incubated in waste water for
10 days, as the minimum residence time in a digester is 10
days10 at 27°C temperature. The culture was introduced into
the wastewater in a ratio of 1.5 g in 1 L. The experimental
set-up was done in duplicate with same dilution of wastewa-
ter to have repeatability of the test experiments.

Results and discussion

National River Conservation Directorate (NRCD) under
Ministry of Environment and Forest, Government of India,
established effluent standard parameters with priority placed
in order of (1) removal of organic matter and suspended sol-
ids, (2) pathogenic bacteria and (3) removal of nutrients.
Based on this the water quality parameters were chosen as
Biochemical Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), Total Suspended Solids, Total Nitrogen and
Total Phosphorus for estimation and comparison.

The urban wastewater at EKW is treated by stabilization
pond method where primarily symbiosis of bacteria and phy-
toplankton like Oscilatoria, Microcystis, Firmicutes,
Nitrosomonas sp., Theobacillus sp. play the major role!2,
Bacteria degrade the organic matter (expressed as BOD and
COD) releasing nutrients and these nutrients through food
chain become available to fish as food.

In blue-green algae mediated bioremediation, the de-
graded organic matter i.e. the inorganic nutrients are con-
sumed as food completely by the algae Anabaena sp.
whereas in the stabilization pond by the fish, being at the top
of the food chain.

The sampling location considered in the study for treat-
ment with blue-green algae is from the canal and not from
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Table 2. Water quality parameters be

fore and after microbial treatment

Parameters Location # 1 Location # 2 Location #3
Prior algal treatment After algal treatment

pH 6.43 6.56 6.33 7.08
Total suspended solids (g) 0.03 Below detection limit 0.08 0.02
Total dissolved phosphate (mg/L) 286.67 8 200 86.67
BODS5 (mgiL) 19.05 3.2 24.7 19.04
COD (mglL) 32 7 44.80 29.92
TKN (mg/L) 56 4.03 84 56

the fish pond; whereas in the other case the sampling loca-
tions were both from the canal and the fish pond. This was
done to understand the difference in waste treatment effi-
ciency between both the systems.

The selected parameters were estimated for comparing
the efficiency between an algae mediated system and a tra-
ditional system and listed in Table 2. The efficiency was cal-
culated by applying the following formula:

Efficiency (%) = [(Value at Inlet — Value at Outlet)/Value
at Inlet]x100

Table 2 shows that the pH of the wastewater remains
almost same and TSS content is negligible in both the cases.
One reason for low level of TSS is that the sample collection
was done during monsoon. Another interesting observation
is that the initial value of all the parameters, except total phos-
phate (TP) is higher in location #2, compared to the initial
value in location #1; reason being Bantala area connects a
fresh wastewater stream in the DWF canal.

Efficiency comparison between two systems in Fig. 1

120 - B Algae mediated {55}
Stabilization pond system
100 (%)
80 A
60 - -
40 A -
=
20 - *
0 A T T T
Total BOD coD TKN

phosphate

Fig. 1. Comparison in efficiency of treatment between the two sys-
tems.

shows that the efficacy in remediating the wastewater of
Kolkata city is much more for Anabaena mediated system
compared to conventional system of stabilization pond. Fila-
mentous cyanobacteria have many advantages for using in
wastewater treatment!,

This process of bioremediation by Anabaena sp. has got
two-fold benefits: treated water becomes good for disposal
into any natural water body and also the algae grown can be
utilized for other purposes like, as fertilizer or as fish food
into the stabilization ponds which receive poor quality and
quantity of wastewater.

Conclusions

This study initiates a work towards mitigating the prob-
lem of wastewater management of Kolkata city. A compari-
son between the conventional stabilization pond system and
algae mediated system shows that the algae mediated sys-
tem is around 48% more efficient compared to the stabiliza-
tion pond system. The result shows that the quality of treated
water in case of Anabaena treatment is good but from the
stabilization pond is not that good. The wastewater in both
the cases after treatment is finally disposed of to the surface
water body, hence its quality has to be maintained. This study
actually gives the opportunity for wastewater management
of Kolkata, both qualitatively and quantitatively. Another im-
portant possibility is that the Anabaena which is used for
wastewater treatment can be reused as fish feed in the sta-
bilization ponds according to requirement. The result also
indicates that further treatment of EKW effluent by the Ana-
baena can make the effluent better for discharge into the
surface water body.

However, the only concern is that the results are the out-
put of a lab-based study, which when exposed to real life
environmental stresses might influence the efficiency. To test
this concept, a pilot-scale study on bioremediation through
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algal pond (Anabaena sp.) would be needed as an answer
to tackle one of the several problems of growing urbaniza-
tion in a mega city like Kolkata.
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