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ABSTRACT

The traditional practice of utilizing wastewatetarfish pond is a unique example of sustainable
socio-economic development pertaining to resouec®very in the Eastern Kolkata wetlands, a
Ramsar site in India. This paper revealed the stret urban pollution and poor land use
planning on the world’s largest natural wetland.ighs the first time to critically evaluate
dynamics of oxygen demanding substances, nutrémissolids in waste water canal and fish
ponds. This paper sheds some lights on absorbanmeygen demanding substances on TSS and
their adverse impact on fish ponds. Based on thieern, barriers to maintain water quality of
wastewater canal and fish ponds; and opportunit@smprove resource recovery efficiency
have been explored. This study also explored ttetadical technological change for fish pond
management would not be effective in the prevasimgo-economic condition. But incremental
changes and proper coordination between the comzkeauthority and fish farmers can easily
accelerate the fish yield, functionality of pon@d®gstem and reduction of pollutants.

Key Words: Wetland; fish culture; Urban Pollution; water ftya multivariate analysis;
resource recovery.

INTRODUCTION

Improvement of resource efficiency in the prese@nario of economic recession and pollution
problems is the key element in sustainable socim@mic development. In Kolkata (India),
utilization of wastewater for fish culture and gation in East Kolkata Wetland (latitude®32’

— 2240’ N, Longitude 8&5’ — 8&35’E) is the practical validation of the above staént. This
ecosystem of international importance (listed by Ramsar Bureau In August 2002) is an
excellent combination of environmental protectiond adevelopment where a unique and
complex ecological process has been adopted byenragthe resource recovery activities [1].
This natural wetland supports the world’s largesist@water fish culture covering an area of
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4000 Ha and contributes a significant percentag@etotal Indian economy [2-3].This age-old
practice of the fish cultivation utilizing wastewat in this wetland has been described
extensively [4]. Nearly 10,915 tons of fish is pupodd annually in about 286 wastewater fed
fishponds. At present only 30 percent of about(B080 ni of wastewater per day from Kolkata
Metropolitan City flowing through network of canal5-8] is utilised for aquaculture and
irrigation purposes. The rest 70 percent of theteveater is directly discharged into the Bay of
Bengal [9]. This ecosystem [10-11] is presentlgsted by poor land use planning; uncontrolled
and unauthorized discharge of wastewater contawveémnigty of chemicals and poor enforcement
of existing environmental laws. This has causeddespread threat and difficulties in marketing
fish [12] and health hazard [13-15]. This is a caonnfeature in most of the developing
countries [16]. With rapid urbanization, wetland® &eing reclaimed day by day leading to
shortage of wetlands; thereby minimizing the scopdish culture and subsequent natural
purification of wastewater [9,17]. Siltation hasrther inhibited natural purification of the
wastewater flowing through the canals. This ecesysimay completely lose its ecological
significance in near future, if the problem is leftattended for.

According to Burger (2008)[18], "maintaining hdwsltecosystems is cost effective whereas
restoration of contaminated ecosystems is costilpitade”. This statement beautifully explains
the basis of this elaborate study and its impodandhe present scenario. India is in dire need
for providing food to the millions of people beldhe poverty line with limited resources. The
country can hardly provide financial support totees this wetland ecosystem once it is
collapsed. Several studies have been already daueon the characterization of wastewater by
different authors [10,19-22]. They have mainly feed on the availability of nutrients in sewage
and better utilization of these nutrients (direathyindirectly) through composite fish culture.
The adverse impact of this composite wastewatewater quality of fish ponds and removal of
contaminants through fish culture were also sti@ed\ccumulation of metals in fish muscle in
this these pond have studied by Bhupinder et di#@3]. Aheto et al. (2011)[24] pointed out
that the loss of wetland would magnify the impdctlonate change and could be disastrous for
security of local communities due to its advers@ants on fish and agricultural production.
Bunting (2007)[25] studied the limitations of theaditional practices, efficiency of wastewater
treatment, nutrient retention, fish production diméncial performance under conventional and
rational design using bioeconomic modeling and $ecuassociated advantages and constraints.
But no detail study has been done on dynamics efptillutants in wastewater canal and fish
ponds over the time and space and their impacherigh pond ecosystem. This study aimed to
fulfill the following objectives:

1. Environmental behavior of nutrients, solids andamiig substances in wastewater canals and
status of natural purification

2. Impact of wastewater on fish ponds

3. Barriers and opportunities to maintain fish farmingustainable manner.

2.0 Fish culturein sewage fed pond

Generally major carps such as roHwalfeo rohita), catla (Catla catla), mrigel (Cirrhirs
mrigala), silver carp (Hypophthalmichthys molitsxgommon carp (Cyprinus carpio), and grass
carp (Ctenopharyngodon idelladre reportedly reared in these ponds. Stockingsitjemre
generally maintained at 6000-7000 fingerlings parblat farmers are more interested to stock
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greater proportion of more tolerant and bottom igig4ishes like Tilapia, common carp, air
breathing fishes and mrigal to maximize the fisdldi Tilapia is dominant among all the fishes
due to its tolerance to wide variation of salt @t ammonia, pH, DO etc. [26]. As a result, no
definite stocking ratios are maintained. Farmersntaa their own nursing area for healthy
seeds collected from local hatcheries. The exdies are produced on their own farm. The rate
of dosing is regulated based on the color and axfothe pond water. The stocking of
fingerlings/fry are made in several installmentsairyear particularly after each harvesting to
accelerate stocking density per ha. Approximatélypgércent of harvested weight of different
species is introduced daily though not exactly giad.

3.0 Study Area

The study area covered the Eastern fringe of Kalkathere the wastewater of industrial and
domestic origin flows through Dry weather flow (DYV€anal and Storm weather flow canals
(SWF). The basic structure of the present sewesggeem of Kolkata was completed in 1884.
The underground trunk sewer line is linked withogalt of 17 pumping stations (three main
stations and 14 intermediate stations) and is éacat the eastern margin of the city. The system
carried about 545 MLD of domestic wastewaters a2d RILD of industrial wastewater [3].
The dry weather flow canals after covering a distaof few kilometers ends either to be fed into
fish ponds or to be used for irrigation. The SWHsdered as main canal receives the
wastewater from tributary drains flowing througte ttifferent areas of the city and ultimately
drains off to sea via Kulti river. The wastewatEwing through this canal is artificially
diverted through small canals as feeder canaleéd fish ponds. In this study six sampling
stations along the main canal (SWF) , three samgsiations at the inlets to the ponds; and five
ponds (one sampling point for each pond) were smledhe study area is shown in Figure-1.
The study stretch was about 8 kms. The samplirtgpsta(Figure-1) on wastewater canals were
marked as M-1(0 km), M-2(2 km), M-3(4.5 km), M-44%m), M-5(6.5 km) and M-6(8 km).
Inlets to Sajna Ponds, Harhara Ponds and NaskadsPwere marked as F-1, F-2, F-3
respectively. The five ponds namely Harhara -1 hidea - 2, Naskar-1, Naskar -2 and Sajna are
marked as P-1, P-2, P-3, P-4 and P-5 respectively.

MATERIALSAND METHODS

A small boat equipped with handheld multiparamekéy sample containers, samplers,
preservatives etc was put in use for collectingsglm@ples and in situ analysis and preservation.
The acids and other chemicals used in any purpese @f high purity (GR grade or Suprapure,
Merck, Germany). All materials coming in contadthwnthe samples were properly cleaned.
Water samples were collected from the mid streanwastewater canal and midpoint of the
ponds either by hand or by the sampler dependintheraccessibility to sampling points. The
sampler was fabricated locally using good qualiyrdess steel (S-316) putting extra weight of
3 kg at the bottom of the sampler. The lid of tbatainer

445
Scholars Research Library



D. P. Mukherjee

Arch. Appl. Sci. Res., 2011, 3 (6):443-461

: Ponds selected for monitoring
: Sampling points on canals / .
: Inlet to pond P - L
: Feeder canal Lt —
: Outlet of pond . Tl

Figure 1. Sampling L ocation
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has two holes (one extra hole as air outlet) fitigith stainless steel pipes to attach two 500-ml
plastic containers or if necessary one plasticaioet and one DO bottle inside the container.
Sample of one container was used in field analsd sample of other container was preserved
and transported to the laboratory as per standattods [27]. The water samples were collected
at 20 cm below the water surface during 10 am tarblfrom all the selected sampling points.
The samples of the Canal and ponds were taken amoenth for analysis during August to
February over a period of three years (2002-20D&)ing heavy rain sample was not collected
on the stipulated day because water quality ondagitwas more or less uniform over the entire
stretch due to huge surface runoff. Sampling dag heen postponed for 2-3 days. An
electrochemical portable device (handheld WTWMB80i) was used for in situ measurements
of temperature, pH, DO and conductivity. The s@fidas determined at the time of collection at
each sample location by titrimetry method. Samfiles each location were filtered in the field
using a 0.4%um filters to assess the partitioning of few polhisabetween dissolved phase and
particulate phase.

Standard methods [27] were used to analyze TSS(2§40DS(2540 C),Alkalinity(2320 B),
Total Hardness(2340 C), Calcium(3500 Ca, B), Magme&500, Mg B), Nitrate(4500, N{B

& 4500, NG B ), Phosphate (4500-P-D), Chloride(4500 CI B)tal &jeldahl Nitrogen(4500-
Norg B & 4500-NH; B & C), Ammonia (4500-NK B & C), BOD(5210 B), COD(5220B),
DO(4500 O C), Sulfate(4500-9@&), and Oil & Grease(5520 B). For TSS, approxinyat®-
100 ml samples (depending on visual assumptiong wellected in 100-ml polyethylene bottle
and filtration was done by transferring whole atitjito filtration funnel fitted with filter paper.
The particles adhered to the wall of the contaimere transferred to the funnel by rinsing with
distilled water. Before transferring the sample,niseus of the container was marked. Then
volume of sample taken for filtration was measubgdilling the container with distilled water
carefully up to the mark for calculation of anatgl results. In addition to above parameters, the
bacteria, Total Coliform and Fecal Coliforms, wegsayed according to the multiples tubes
technigue based on standard methods - 9221 and&928pectively. Samples from all the ponds
were collected at 5 am and 11 am to estimate plan&mwn. Chlorophyll and zooplankton was
collected once during 10 am to 11 am. The standaesthods[27] were applied to estimate
plankton (10200B and F) and chlorophyll (10200H)e sample analyses were performed by
the Zonal laboratory of Central Pollution Controlbd@d recognized under Environment
Protection (Act), 1986 by Ministry of EnvironmemdiForest (MOEF), Govt of India and also
accredited by National Accreditation Board of Ladtory (NABL), India. The biodegradability
(BOD rate constant) was estimated as per the metdwminmended by Chin(2006)[28].

5.0 Statistical techniques

The analytical results were processed using vargtatistical techniques such as mean, median,
maximum, minimum, standard deviation, coefficieftvariation, correlation coefficients etc.
Factor analysis(FA) was performed by applying ogthtal varimax rotation and calculating the
eigen factors higher than 1 [29] to evaluate assioei among the measured chemicals and to
identify the parameters governing the variationvater quality of wastewater and pond water.
The paired t-test was applied to assess the ldveigaificance of difference among different
parameters and among the stations. The mann-Ketasallvas applied to evaluate the spatial
and temporal trend of different parameters. Thalpes larger than the critical value of p at the
95% confidence level were considered significant.
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6.0 Quality assurance and quality control programme

To maintain integrity of the analytical results, @A protocol was implemented. QA/QC
protocol for the sampling plan included duplicaanples for each sampling event for all
analyses and rinse blank using decontaminated &gldpment. The analytical results of the
samples collected in duplicate did not exhibit aignificant difference between two analytical
results of individual sampling event. Results aonéd adequate precision and negligible cross-
contamination. No attempt has been made for batbgical parameters.

For Calibration, the standards traceable to NIS@&iokd from Merck, Germany were used to
calibrate UV-VIS Spectrophotometer (Varian, DMS-L0Bortable multiparameter instrument
was calibrated in the field before putting thenuge. The detection limit and determination limit
were estimated in accordance with the recommendsttiads [27] to ensure the reliability of
data. Recalibration check was performed at regui@rval. Quality control was carried out
using sample replicates, blank and certified refeee materials (CRM). Inter-laboratory
comparisons were carried out among the laborat@oesedited by NABL and recognized by
MOEF, India under EPA,1986 for better understandifighe possible dispersion. Recovery
study of BOD and COD were performed using CRM ofideke-Glutamic acid and potassium
hydrogen phthalate respectively and percentageadvery was 94 and 99 respectively. The
percentage recoveries of TSS, TDS, Alkalinity, Tddardness, Ca, N&N, PQi-P, NH;-N,
TKN, ClI, sulfide, SQ, and oil and grease were performed by additiorCBM of known
concentration to samples. The recovery varied fédnpercent to 102 percent. The measurement
uncertainty (MU) of each parameter except colifgrofdorophyll and plankton were estimated
taking into account all relevant sources of unaetyawhich might occur during the analytical
process in accordance with guide to the expressiamcertainty in measurement [30-31]. The
estimated measurement uncertaintys{.fie wcsampie) Were 8.4+ 0.24 pH , 330+ 5umhos cond
cm?, 1.4+ 0.24mg S, 104+ 2.5 mg TSSY 230+ 3.4 mgTDS1, 240+ 4.1mg Ak T, 214+
4.5mg TH 1, 34+ 0.7mg Ca'l 2.1+ .018 mg NO31{, 1.4 +.012 mg PO4"| 245+ 4.7 mgClIH,
21+ .72 mgTKN 1, 4.5+ .32 mgNH31, 58+ 3.2 mgBODt, 87+ 4.5mgCODt, 5.6+ .2 mgDO
I1,5.8+ .09mgO&G T. Ionic balance of all the ions measured for femples were estimated. It
was noted that difference between cations and amewner exceeded 7 percent.

RESULTSAND DISCUSSION

7.1 Distribution and environmental behavior of pollutantsin wastewater canal

The assembled analytical results were statisticpligcessed and presented in Table-1 to
compute average concentration and coefficient ofiatian (CV) of the chemical and
microbiological parameters for evaluating spatral &emporal pattern of these parameters at five
sampling sites in the canal. A perusal of resuitsas in Table-1 revealed that fluctuation of the
average values of COD, Phosphate, Chloride, BO3, Bailfide, NH-N, TKN and Sulfate over
the sampling sites were prominent. The spatialepatof these parameters appeared to be
associated with uncontrolled discharge of. wastemwat several infection points on this canal.
The high average values of oxygen demanding sutesamutrients and chloride exhibited
strong influence of urban pollution on deteriorataf water quality. The fluctuation of average
values of Total Hardness, Conductivity, TDS, Alkdl, Ca-Hardness, Mg- Hardness and pH
were relatively low. The spatial pattern of theseameters indicated the negligible influence of
urban pollution on this canal. In terms of bactec@tamination, the entire zone under the study
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was largely infested with high counts of total tmim (TC) and fecal coliform (FC) reflecting
fecal contamination originating from residences.e Ttoefficient of variation (CV) at each
sampling site revealed the pattern of temporalakélity which is prominent for TSS, sulfide,
TKN, NH3-N, COD and BOD (Table-1). The CV rank of thesegpagters in descending order in
M-1 station is- COD (91%) < BOD (71%) < S (59%) HINN (51%) < TKN (45%) < TSS
(44%) < SO4 (35%).The variation of concentratiohthe remaining parameters were relatively
low because CV rarely exceeded 25 percent. ThedbWsrof other sampling sites are similar to
M-1. All these parameters in feeder canals (F-2,dnhd F-3) had spatial and temporal pattern
similar to main canal (Table-1).

The temporal variation due to months and years wasstigated by a Two-way classified
Analysis of Variance (ANOVA). The ANOVA exhibitedgnificant variation over the months.
The pattern of changes of these chemical substamesthe months was tested by Mann-
Kendall test. This test revealed no stable tremtliied/declined) over the months in any
sampling site. The explanation is that moderatefadiduring the study period in few sampling
events increased the surface runoff to the cardhiddnted the concentration of these chemicals
substances. Therefore, emerged variation of aflethgarameterat each sitg(Table-1) can be
attributed to seasonal changes influenced by indfusurface run-off.

Now spatial trend was examined by Mann-Kendall. t&6is test revealed interesting spatial
trend. Among all the parameters, pH, Conductiviy;, Total Hardness, TDS, NEN, SO4 and
Mg showed increasing trend. The COD, TKN, BOD, N¥ Alkalinity, PO,-P and sulfide
demonstrated no stable trend. This can be attdiot¢éhe intermittent discharges from industries
and residences to the main canal through tribiaiggesting further strong influence of urban
pollution on water quality of of this canal in teeudy stretch.

Significance of the differences between differatesswas tested by paired-t test and shown in
Table-2. This test indicated no significant difiece of conductivity, TDS, Alkalinity, total
hardness, Calcium, magnesium, BOD, COD and sudateng M1, M3 and M4 and thereby
suggesting negligible influence of urban pollutioon water quality. The prevailing
concentrations of organic pollutants such as BODD, and TKN at M3 exhibited significant
difference in concentration of these pollutant$/dt and M2. This suggests fresh discharge of
wastewater to the canal before M3. The uniform bemaof all the ions except chloride in the
stretch between M1 and M4 indicated dominance gamwic pollution and nutrients. Similarly
behavior of sulfide between M1 and M3 exhibited eingf anaerobic process. The significant
differences in pollutant concentrations between BR@ the remaining sites (M2- M5) revealed
influence of sea water intrusion in diluting thdlptant concentrations.

Prevailing concentration of pollutants (organicsl atrients) and their fluctuation over entire

stretch of wastewater canal confirmed poor perforceaof the treatment plants (both Sewage
Treatment Plants and Effluent Treatment Plantsprumient waste water management and poor
land uses, and ineffective enforcement of enviramaleacts and regulations. During inspection

of various treatment plants located in this urbeeaa frequent failure of treatment system was
observed.
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Table-1: Chemical Characteristics of Wastewater in Main Canal and Feeder Canals (aver age values with coefficient of
variation in the parenthesis)

Main canal of 8 km stretch

Inlets to Pond

M1 M2 M3 M2 M5 M6 F1 F2 F3
bpH 61054 6249 6442 6729 72024 7331 69(L 6523 7131
TempPC_ 17.1(27 __168(26 _ 17.2(25 _ 17.3(22___17.4(26 __17.5(24 _ 18.1(27 _ 17.826 ___17.8(26
ConC 963 (22 1060 (23 1161 (27 1138 (25 1452 (35 2160 (29 1065(14) 1074 (19 1106 (19
r:gsfl 280 (44) 180 (49) 212 (51) 246(45) 58(25) 24 (11) 234(48) 284 (39) 312 (37)
;gfl 580 (24) 610 (21) 668 (24) 670(19) 920(22) 123P(3 688(17)  576(16)  699(15)
mgll_-l 95(31) 107(25) 121(25) 132(21) 188(28) 350(32 138(26) 133 (21) 141 (23)
mg”T_'l 248 (24) 237(23) 248(21) 235(17) 295(42) 3W)(3 241(18)  264(19) 259 (21)
Tn‘:;a'lﬁ'a 206 (26) 234(22) 241 (17) 245(19) 282(24) 29 (2 208(21) 263 (21) 261 (25)
gg‘[ﬁ 158 (19) 165(21) 171(18) 171(23) 176(31) 18B(3 153(22) 174(21) 178 (26)
'\r:']g['f 68(22) 69(22) 70(17) 74(21) 105(13) 110(19) 5(57)  87(24) 83 (31)
msﬁ,l 3035) 35(31) 37(23) 35(29)  45(24)  68(34) 3|2 41(14) 43 (1)
i“éﬁl‘_’,le 19(59) 23(61) 22(52) 32(24) 08(12) 031 1931 22(35) 1732
’r\‘n33‘|_’_\1‘ 002(19) 0.01(34) 002(35) 007(19) 042(62) .61Q19) 0.03(146) 0.05(79)  0.05 (81)
rig“'l_ﬁ 17(27) 1131 12(34) 15(5 085(15 023 09(27) 12(33) 1641
n:g't‘_l 38(45)  29(52) 39(48) 57(37) 22(22) 17(14) (¥®)  29(42)  35(33)
ngs_l_’-\lj 17(51)  13(41)  17(39) 24(42)  9(31) 5(23) 219( 19(47) 235 (44)
mg?_’l BDL® BDL?® BDL® BDL?® 0.05(99) 2.5(11) BDL BDL® BDL?®
rﬁg?El 306 (71)  205(69) 245(73) 312(69) 89 (27)  32(29)167(101) 232 (94) 208 (83)
rﬁg’@ 108(69) 72(65)  81(81) 132(55) 21(29) 12(19) 7(8l)  91(93) 65 (70)
?ng‘ Sf 92(31) 25(41) 21(14 11(31) 11(21) 081 12(51) 11(34)  1.3(125)
TC! 6.85X 10 8.4X10  3.7X10 17X10 1.8X160  1.2X10 9X10 108X10 10.4 X 10
FC 3.77X10 23X16  2.1X10 9X10° 9.7X10  9.3X10 45X16  4.7X10 2.8X10

! Total Coliform mf; 2 Fecal Coliform nif; 2 Below Detection Limit* Hardness (as CaC{) ° Conductivity(uS ci); ° Oil
and grease; mgt

7.2 Actual dynamics of pollutantsand their influence on Wastewater canal
The factor analysis was performed to elucidate actlynamics of pollutants and their
interrelation in wastewater canal. The first foactbrs of wastewater canal explained 90.1% of
total variance. The loading of 19 parameters far flactors are shown in Figure-2. Factor-1
explaining 38.5% of total variance revealed thahlgirong and moderate loadings highlighted
bipolar nature of two groups- comprising BOD, NN, PQ,-P, and TKN in one group with
positive loading and alkalinity-total hardness-caain hardness-magnesium hardness-chloride-
NOs-N in other group with negative loadings. These thstinct groups mainly governed the
variability of wastewater quality. The factor-1 éiked the dominance of organic pollution due
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to uncontrolled discharge of urban domestic wastew® canal. The high loadings on Cl and
conductivity in opposite pole of the first groumndae attributed to the influx of sea water. The
strong positive loading on R indicated influence of point (domestic) and pamt (surface
run-off) source pollution. Factor-2 explaining 3% &f total variance revealed strong loadings
on TSS, NH-N, COD, sulfide, TKN and moderate loadings on hfiiy and Ca-hardness. This
pattern of loadings indicated the dominance of himuegradable substances originating from
industrial sources. The tannery effluent may bentfagor source of these chemical substances.
Moderate negative loadings on alkalinity and caictindicate the influence of surface run-off on
reducing the pollutants originating from the indiest and residences. The moderate negative
loadings on pH and temperature in factor-2 exhibiteeir inter dependence and influence of
organic pollution in lowering the pH by anaerobiogess. The factor-3 explaining 11.3% of
total variance is characterized by positive loadimgsulfate and temperature. The temperature
plays important role in formation of sulfate. Thectors-4 explaining 9.5% of total variance
exhibited significant strong loading on TDS indingtinfluence of tidal water.

Table-2: Paired-t test of different parameters between sampling stationsin wastewater canal

M1/ M1/ M1/ M1/ M1/ M2/ M2/ M2/ M2/ M3/ M3/ M3/ M4/ M4/ M5/
M2 M3 M4 M5 M6 M3 M4 M5 M6 M4 M5 M6 M5 M6 M6
pH Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
Tem
p
Con Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
d
TSS Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
TDS Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
Cl Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
Alk Sig Sig Sig Sig Sig Sig
TH Sig Sig Sig Sig Sig Sig Sig Sig
Ca Sig
Mg Sig Sig Sig Sig Sig Sig Sig Sig
SO4 Sig Sig Sig Sig Sig Sig Sig Sig Sig
S Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig gSi
NO3 Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
PO4  Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
TKN  Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
NH3  Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
Cco Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
D
BO Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
D
0& Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig Sig
G

Sig — significance at 0.05 level( critical t-val@er23)

The pattern of factor loadings on various pollusaciearly focused the combined influences of
domestic and industrial discharges on deterioratbbnwater quality by inhibiting natural
purification in wastewater canal. Therefore uncolled discharge of Industrial wastewater to
this canal play crucial role to maintain water dyain the canal. It may be inferred that this
wastewater canal considered as natural reactolobags efficiency to purify the pollutants by
various physical, chemical and biological processes
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7.3 Status of natural purification and reduction of pollutants

The discussion hereby is made to focus the stdtoataral purification based on the analytical
results of wastewater canal (Table-1). The conwarsif sewage into black color waste with
strong sulfide odor indicated natural purificatioy anaerobic process. The perusal of analytical
results shown in Table-1 revealed that pH wasrguliral and varied between 6.1 and 6.7 in the
stretch between M1 and M4 with progressive incréasé3 at M-6. With the increment of pH,
DO which was practically below the detection limgt to M-4, started to increase and reached to
2.5 mg L* at M-6. The average values of COD, Phosphate,rigieloBOD, Sulfide, NH3-N, and
TKN and TSS have been substantially reduced betwé®trand M2 and then progressively
increased and attained highest concentrations 4t &td then turned to decline at M-5 and
ultimately attained lowest concentrations at M-Balfle-1). The changes of pollutant
concentrations between M1 and M6 appeared to betlikence of natural purification in this
canal. Critical appraisal of these changes exhitihat removal of TSS (from 280 mgtto 180

mg L) enriched with BOD, TSS, COD and TKN from watefuzon, reduced the level of
oxygen demanding substances between M1 and M2cdiheentrations of these pollutants and
their association with TSS are discussed in Sedti6. Little increase of NH3-N concentrations
and decrease of TKN concentration exhibited partiatet of ammonification. But TKN
concentration prevailed at M3 indicated incompkatemonification and infection point before
M3 The increase of pH with the increasing distaries made the requisite pH for
ammonification. Intermittent discharge of wasteavdbd canal caused failure of self purification
capacity of this canal between M1 and M3. The imaet of sulfide at M-4 was the combined
influence of sulfate reduction and industrial degje from tannery. Interestingly distribution of
alkalinity was found just reverse to that of swfidThis relationship signaled that sulfide
received from industrial discharge and produced dojfur reducing bacteria (SRB) got
precipitated with the increasing distance and dduby tidal water. In contrary, alkalinity
received by wastewater and developed by reducticulfate up to M-4 increased at M5. The
abundant sulfate ions (35 mg'tto 48 mg [* ) and organic substances rendered the wastewater
favorable for the growth of SRB. These SRB faa&iétl the reduction of sulfate ions with the
production of bicarbonate ions and hydrogen self@82]. In natural wetlands, SRB generally
prevails at the range of 105-107 CFY[§3] , 1.5x107 MPN mL [34], and 103-107 MPNg
[35]. These chemical processes increased alkakoingentration from 235 md lat M-4 to 295
mg I'* at M-5 and decreased sulfide concentration fra?nn3g L* at M-4 to 0.8 mg [* at M-5.
Further reduction of pollutants at M-6 may be htited to mixing of sea water with wastewater.
The increase of concentrations of Mg, Cl and, 8COM-6 authenticates the above statement.

7.4 Biodegradability of wastewater

The above discussion clearly demonstrated the doman of industrial discharge to wastewater
canal. Therefore, biodegradability of organic sabseés is important factor to determine the fate
of these organic substances. Natural purificati®nnhibited due to excedence of carrying
capacity of the wastewater canal. Biodegradabigs studied to evaluate the potential of
removing the organic substances through naturafigatron. The value of the rate constant was
varying between 0.14 dayand 0.24 day with a mean of 0.18 ddyand standard deviation of
0.028 day. This result demonstrated that the rate of bicaiajility for organic substances in
wastewater canal is less than that of typical doimesste i.e. k - 0.3 d&)[36].
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Figure-2: Factor loadingson 19 parametersof four factors (Extraction: Principle Component)
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7.5 Influence of wastewater on pond water

The assembled analytical results of pond water vgéméstically processed and presented in
Table-3 to present average concentration of thenacda and microbiological parameters and
their variation (CV) in each pond. The fluctuatioinaverage values of all the parameters did not
exhibit any consistent characteristics among thedpoThe alkaline nature (pH 7.9 — 9.2) and
profuse algal growth (2500-8544 ) in pond water shown in Table-2 indicated higte raf
photosynthesis using solar energy and ,Cgarticularly during day time. The R®
concentrations (0.2 mg™Lto 0.41 mg [* ) in the pond water accelerated the algal growth.
According to Hundell (2008)[37], this eutrophicationay support the freshwater harmful algal
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growth (FHABS) in these ponds. The low DO (2.14hd L") at 5 am is the clear indication of
CO;, production due to decomposition of algal cells amgggen demanding substances during
night time. The algal count (600-5251fhlat 5 am revealed unutilized phytoplankton. The
zooplankton counts varied from 2500 "ntb 8544 mil. However marvelous achievement was
noted in reduction of bacterial counts of bothatamwliform (2.2x18 mI* 0.65x16 mlI™*) and
fecal coliform (1.5x18& mI™* 0.37x1¢ mI™) with respect to the counts in wastewater canlaé T
microbiological quality of wastewater-fed ponds weported to be satisfactory in India [38] and
Egypt [39] than that of freshwater fish from martyer water bodies. The prevailing N
concentrations (1.3 to 2.1 mg*Labove /close to the permissible limit in the pemeere not
conducive for rearing the major carps such as R&aila , Mrigel. The elevated level of
alkalinity, ammonia and pH indicated oxidation afyanic nitrogen into NkKDH during day
time. Decomposition of algal cells in presenceufide in pond water inhibited nitrification that
prevented conversion of ammonia into nitrate. Beme is formation of nitrate that will be loss
to denitrification. The explanation to ammonia fation by another source is that the
prevailing organic nitrogen available in the poretgourages the heterotrophic bacteria like
Actinomycetessome Clostridia and Fungi to yield amines and sybsetly ammonia by the
process of mineralization as reported elsewherg [4herefore nitrogen input to fish ponds
through wastewater has become a key issue in maragef fish pond ecosystem. The ratios of
BOD to COD in unfiltered sample showed poor avdligtof biodegradable organic substances
in the ponds. The major fraction (70%) of BOD arfdiCwere strongly associated with TSS (as
discussed in Section 7.6). As a result depositibthese suspended solids on bed developed
anoxic condition and sludge built up at the bottofrthe ponds. The accumulation of these
organic matter along with phosphorus compoundsediment accelerated the phosphorous
release from the sediment to the water column P41g¢ontrolling the oxidation state of iron and
the mineralization of the organic matter. The digsth phosphorous, in turn, stimulates the
phytoplankton growth [42-43] and also blue greegaal(cyanobacteria) responsible to produce
cyanotoxin [37]. The excreta of zooplankton is alsgsponsible to elevate Phosphate
concentration (PQP) in water [44]. The alkaline nature of pond watepresence of DO during
day time oxidized the sulfide into sulfate, bugaiability of sulfide (0.4 mg [ to 0.7 mg [* )

in all the ponds indicated re-formation of sulfidehrough natural phenomenon of sulfate
reduction by SRB [45] because of anoxic conditidntree bottom. This phenomenon was
confirmed by visual observation of freshly depakiteediment with offensive odor. The
concentration of chloride has considerably incréaseall the ponds (except Naskar Pond)
which may be due to subsequent evaporation of #terweaving behind the salts.

In the backdrop of the above findings, factor asialyas performed to illustrate the nature of
association of different pollutants in the pond evaf he factor analysis of the raw data of pond
water (Figure-2) revealed that first four factofgpond water explained 82.9% of total variance.
Factor 1 explaining 33.1% of total variance dem@tet that strong association of pH,
conductivity, TDS, total hardness and chloride ¢gating the dominance of dissolved solids. The
regular use of wastewater with high TDS caused raatation of salts by evaporation. The
concentration of salt could not reach to alarmiegel because farmers pumped out the pond
water at alternate year or two to get the sludgesead to sunlight. Factor-2 explaining 22.5%
of total variance revealed that the strong negaldaelings on TSS, sulfate and COD were
affirmative of the feeding of wastewater with higi8S enriched with non biodegradable
substances. The alkalinity and phosphate was cselyerelated with TSS, sulfate and COD.
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Formation of algal bloom sequestered phosphate fhenwater and then accelerated growth of
organic substances associated with TSS . Factophiring 18.2% of total variance is
characterized by moderate loadings on BOD and @@nkas suggesting moderate availability
of biodegradable organic substances in fish pomgschemical behavior of pollutants in these
ponds clearly supports the causes of exclusionenkisve species particularly Indian major
carps as reported by the farmers. The prevailingmguality of the ponds and the types of fish
available in the ponds signals the lack of sustdenpond management. The prevalence of non
biodegradable organic substances and excessivientatin wastewater has led to ecological
crisis in pond ecosystem and adverse impact om-<swwmnomic condition .

Table3: Physical, chemical and biological of water of different ponds
(Average value with coefficient of variation in parenthesis)

P-1 P-2 P-3 P-4 P-5
Temp 18.1(24) 17.9(26) 17.9(26) 17.5(25) 18.1(27)
pH 81(16)  7.9(13) 9.2(14) 83(10)  85(9)
Conductivity 705(40)  631(38)  874(12)  926(56)  896(31

DO mg L* 11am 7.5 (44) 81(32) 7.2(28) 7.0(21) 7.8(28)
S5an 21(41  1.7(45 1.1(51 1932  1.7(35

TSSmg 53(27) 52(23) 107(69)  83(52) 99(18)
TDS mg L 416(35)  327(24)  544(11) 589(47)  546(29)
Alkalinity mg L™ 171(33)  149(12) 197(26)  240(20)  188(24)
T-HmgL? 184(29)  166(42) 225(17) 256(51)  203(28)
Ca-HmgL? 104(27)  101(31)  127(15) 167(41)  132(15)
Mg - H' mg Lt 80(15) 65(26) 97(12) 89(32) 71(16)
COD mg LT 59(47) 173(27) 145(61)  82(36) 116(28)
BOD mg L? 30(50) 37(49) 59(25) 45(19) 46(17)
NHz-N mg L? 2(51) 1.5(80) 2(24) 1.3(114)  2.1(57)
TKN mg L? 7(36) 7(38) 11(45) 8(60) 7(18)
PO,-P mg LT 0.5(87) 0.5(60) 0.6(60) 0.6(18)  0.3(64)
NOz-N mg L? 0.2(56) 0.2(38) 0.2(58) 1.3(21)  0.1(43)
SO, mg L? 30(29) 31(32) 73(81) 72(74) 63(56)
Chloride mg [* 160(15)  144(12) 176(17)  159(21) 171(7)
Sulfide mg L 0.4(12) 0.6(9) 0.5(13) 0.7(17)  0.5(15)
Total Coliform mf* 2240 568 2080 652 1640
Fecal Coliform mf 1520 448 1520 376 1056
Zooplankton mif 3500 (12) 2500 (21) 5800 (13) 8544 (31) 7400 (21)
Phytoplankton 2 PM 600 (40) 3250 (47) 5251 (51) 4030 (34)

mi* 5AM  200(27) 1060 (25) 1204 (23) 2105 (31)

Chlorophyll-a,ug I'* 120 (22) 245(34) 419(34) 365(31)
" Hardness( as CaC{

7.6 Association of BOD and COD with TSS

The above discussion focused that suspended soiiitshed with pollutants has adverse impact
on fish pond management practice. The role of sudgm solids in wastewater is poorly
understood in impairment of pond water. Our impobumderstanding can address the role of
absorbance of few pollutants on TSS in wastewatdrp@mnd water. The study has been made to
explore the relation between concentrations ofothgen demanding substances (ODS) and the
amount of suspended solids termed as TSS and ithpact on pond management. TSS are
mainly originated from wastewater and erosion dff [@®&]. TSS is also formed in aquatic phase
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either from the precipitation of minerals at thepemse of soluble components or from the
aggregation of colloids in the dissolved phase.[4&part from this, turbulence created due to
increase of flow rate causes uplift of finer pdescfrom the sediment bed and made them in
suspension. The degree of association of ODS wal$ Tvas tested by applying Pearson’s
correlation coefficients based on 21 observatior@@orrelation coefficients revealed significant
correlation of TSS with BOD (r - 0.87; p — 0.00GQD (r - 0.91; p — 0.000), and TKN (r = 0.84;
p — 0.000) suggesting strong association of OD8astewater. The concentrations of BOD and
COD in particulate phase and dissolved phase inewaser and pond water were measured by
analyzing filtered and unfiltered samples and thalgical results are given in Table-4. The
BOD and COD in dissolved phase varied from 28%8%4nd from 20% to 27% respectively
of the total concentration between M-1 to M-4. Tgercentage of dissolved BOD and COD
sharply increased after M4 and reached to 44%-48Rb-@ In the feeder canal, percentages of
dissolved BOD and COD were 30% to 35% and 14%08% 2espectively. It may be inferred
that availability of the oxygen demanding subsésnt soluble form were relatively less in
wastewater. Now, status of readily available bioddgble substances (in soluble form) in
wastewater and pond water was evaluated. For tingope the ratios of BOD to COD in filtered
and unfiltered samples in wastewater canal and patdr were determined. The percentage of
biodegradable substances were relatively highlteréid samples (50% to 60%) compared to the
unfiltered samples (33% to 45%) in polluted strefeii to M4). After M-4, ratio of BOD to
COD was more or less similar in both filtered amdiltered samples. In the feeder canals, the
biodegradable substances in filtered samples vetéativiely high (77% to 92%) compared to the
main canal. Holding of

Table-4: Apportionment of BOD and COD between Dissolved and Total Concentration

COoD BOD BOD/COD BOD/COD TSS
mg L1 mg Lt mg L

Station E UF Ratio F UF Ratio = UF?
M-1 68 276 025 34 91 0.37 0.50 0.33 234
M-2 46 211 022 28 67 042 0.61 0.32 168
M-3 47 174 027 29 61 0.48 0.62 0.35 142
M-4 63 320 020 41 144 0.28 0.65 0.45 198
M-5 44 103 043 25 54 0.46 0.57 0.52 58
M-6 21 44 048 16 36 0.44 0.76 0.82 41
F-3 45 314 014 38 126 0.30 0.85 0.40 347
F-1 42 267 016 39 117 0.33 0.92 0.44 311
F-2 44 225 020 34 98 0.35 0.77 0.44 259
P-4 29 109 0.27 16 68 0.23 0.53 0.62 89
P-3 39 136 029 16 68 0.24 0.41 0.50 161
P-2 28 114 025 11 42 0.26 0.39 0.37 123
P-1 32 51 063 16 47 0.33 0.49 0.92 64

" Filtered Sample? Unfiltered Sample

wastewater in feeder canal that is a normal pracidopted by fish farmers, improved the
availability of biodegradable organic substancesatuble form. Still wastewater fed to fish
ponds contained substantial amount of suspendddssolhe feeding of this wastewater
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containing high TSS non-biodegradable substancefisko ponds does not help to utilize
optimum biomass production in a sustainable man@er.the contrary, these substances are
liable to be accumulated in the sediment leadirgnitaxic condition.

7.7 Barriersto sustainable development

Wastewater canal thought to be the vital compooéetological security to natural water body
has lost its efficiency of natural purification. &lmajor causes of this impairment is imprudent
watershed management due to poor planning, degigmd construction of engineering projects
such as roads, housing complex , shopping malbllssnale industries etc, poor maintenance of
wastewater canal (siltation), inadequate traiaed organized fish farmers’ group to properly
maintain fish pond and lack of institutional sugporhe other major barriers are lack of
implementing appropriate legislation to control sdurce and lack of environment policy
specifically framed to restore this wetland in lotvel. Attitude (personal responsibility to
perform the work) and awareness (policies, proadabjectives etc) of concerned personnel
impede restoration of sustainable pond managemiérm.most pressing problem is financial
constraint and management impassivity in top leofficials to implement sustainability
programme. One example can authenticate the mamagempassivity to solve this problem.
The freshly deposited sediment and their re-susperiacreased TSS concentration because
depth at each point hardly exceeded 1 m as obsdwaty the survey. The farmers are utilizing
this wastewater without any suitable treatment lgefeeding to the ponds. TSS enriched with
substantial amount of non biodegradable substacreased anoxic condition at the bottom. The
raw data (not shown here) revealed that the pradigad growth rendered the pond water super-
saturation of oxygen (13 mg) during day time and almost anoxic (0.3 mg) lduring night
time. In this condition, farmers fail to maintaimetmajor carps in sustainable manner. Tilapia is
practically dominating because each catch demdsestabout 60% Tilapia observed during field
study. The bad to worse condition of waste watedatermined by visual perception of fish
farmers based on their organoleptic experienceotfrcand odor. Farmers have frequently
complained about loss of biodiversity (non avaligbof major carps). The major problems are
non-availability of requisite quantity and qualidf wastewater. Government is reluctant to
make the canal eco-efficient by removing the sludderegular interval. The pollutant
concentration prior to utilize in aquaculture iglueed by passive treatment (holding in the
feeder canals for few hours) but its effectiveness not evaluated in a systematic manner.
Rational design for treatment of variety of contaamt suggested by Bunting (2007)[24] cannot
be implemented in the current socio-economic cadit

7.8 Possible opportunitiesto improve ecosystem function

The concept of self maintaining pond ecosystenizutd solar energy and culture of variety of
species to cover all the ecological niches is thst loption to restore the functionality of pond
ecosystem. The profuse algal growth (Table-2) @dear indication of solar energy utilization

and CQ sequestration. Artificial circulation of water teten hypolimnion and surface water
using appropriate technology powered by solar parel batteries can transform anoxic
condition into oxic condition[37] that can supprdsHABs and reduce the pollutants. The
utilization of rich solar energy in tropical coues like India not only reduces pollutants in the
ponds and creates robust fisheries but also helgequestering COThis measure can easily
enable the nutrients to move up the food web fradible, chlorophyta(green algae) to
zooplankton to filter feeding and carnivorous f{§7] . This ecological function will prevent
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deterioration of water quality and maintain susible resource recovery from the waste by
channeling the nutrients and organic substancesidgioest trophic level. Further continuous
exposure of surface water to sunlight containing-ligtit will deactivate the pathogens and
transform the hydrogen sulfide, TKN, ammonia teslexsic compounds. The prevailing surface
water temperature in this country will stimulate tmicrobial activity both in wastewater canal
and in the ponds and enhance the self purificat@pacity of the wastewater canal and the
carrying capacity of the fish ponds. Therefore cosig fish culture and introduction of suitable
submerged macrophytes [48] would accelerate regiaraf ecosystem function. Adoption of
these measures needs adequate institutional suponiaintain water quality of wastewater
canal. The regulatory authority must take propéraitive to control the pollutants at the source
of wastewater and to accelerate the rate of natouafication. Few traditional ecological
measures [49] must be applied. For example inttbalucf macro vegetation in the feeder
canals can easily arrest the suspended solidshedriwith organic substances as well as to
enhance natural processes of pollutant removalegstee accumulation of salt can be avoided
by abstracting the wastewater during ebb tide. uRedgharvesting of macro vegetation and
removal of sludge must be carried with a providiemprepare organic manure for utilization in
the nearby agricultural field. But composition ¢didge and plants must be free from the metal
and other persistent organic pollutants. Propeordiation between the concerned government
authority (responsible for treating and discharbeastewater) and farmers must be initiated for
availability of good quantity and quality wastewaten the present situation, the success of
resource recovery ( fish yield) depends on shiftoigenvironmental policy to environment
management system both in the watershed and withtar body by incremental technological
changes. Assessment of past performance and cumggrdgement practice must be carried out
to eliminate the barriers towards sustainable popadagement anf to reframe the environmental
policy. The reframing of the environment policy idgkly change the prevailing environmental
process and their negative impacts on fish farmirig sustainable development and clean
production.

In addition to above an emergent need is to hageobst-effective and logistically sound water
guality monitoring programme to evaluate the prigvgiwater quality and their suitability for
the intended use because reliability of data ctdtbdoy different agencies is questionable.
Author observed that quality control/ quality asswe protocol has not been properly
implemented in most of the laboratories engagegeimerating the data. As aresult , monitoring
agencies are unable to provide relaiable informatitopolicy makers. In this study, achievement
made by implementing QA/QC helped to provide casfice on acceptability of analytical
results and subsequent interpretation of data &duate environmental process of wastewater
and pond water.

CONCLUSION

The characterization of wastewater and pond wégarly revealed the strong influence of urban
pollution on wastewater canal and fish ponds. déterioration of water quality in canal and
ponds caused irreparable loss of pond ecosystearnms of poor fish yield, loss of biodiversity
and inefficient nutrient recovery. Good quality s®®&, which is a critical component for
sustainable resource recovery, was practicallyimgcfor fish pond management. The imprudent
practice of watershed management and within wately bnanagement inhibited the natural
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purification process of the canal and carrying capaf the ponds. Water pollutants masked by
the TSS have unknown fate and sometimes actualrpecf spatial and temporal trends of the
pollutants remain elusive. It is also pertinentntite that certain percentage of wastewater is
utilized to manage the fish ponds but no signifidarmprovement of water quality of this canal
through fish farming was observed. The magnitudeaddiral purification and use of wastewater
in fish pond cannot provide the environmental sigup the receiving water body (Coastal
zone) for maintaining its unique and inherent cbiaéstics. The impairment of water quality
may be attributed to the major barriers highlighitedhis study but these barriers can easily be
overcome by changing attitude (performance of idial responsibility) and awareness (
policies, objectives, procedures, instructions étcof concerned officials including top
management. No major radical change is necesséyge financial investment. The integrated
management of aquaculture, watershed and withienietdy management can make this largest
natural wetland ecosystem a very valuable andyatoge resource without threatening their
sustainability. Sometimes interpretation of dat@ates an illusion that pollutants in wastewater
canal has been gradually decreased with the distant critical evaluation reveals that dilution
of wastewater by sea water intrusion reduced thel lef pollutant concentration. But this study
clearly indicated that prevailing nutrients and gely demanding substances in this canal
ultimately reach to the coastal zone via Kulti rivEhis is obviously matter of serious concern
in developing countries like India. This study alseplores an opportunity to gain a better
understanding of water quality of wastewater caaral its impact on fish ponds and natural
water body. The management of waste-fed aquacultisealso suffering due to lack of
appropriate policies, legislation, institutionahifneworks and regulations at the national and
local levels. Therefore developing a national poflamework is an emergent need to facilitate
safe waste-fed aquaculture based on the WHO Gnefe[iL5]. On restoration of this wetland, it
may be unique and largest natural ecosystem invtrlel that can convert the wastewater into
free wealth and this framework may be an uniquemgta in the world. The complexity of
watershed management questions has remained a¥@y for managing the water quality of
wastewater canal.
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