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Water quality and phytoplankton biomass were examined over one year period concerning aquaculture farming
periods in a river-dominated, mangrove estuary receiving periodic inputs of effluents at outfall of shrimp farms
(OFSF) stations from adjacent brackishwater shrimp ponds and in away from shrimp farms (AFSF) stations.
Salinity, dissolved oxygen (DO) and total suspended solids (TSS) at the OFSF stations were significantly different
(p<0.01) from AFSF stations. There were no significant differences between the OFSF and AFSF stations in
dissolved nutrient concentrations. Water quality and phytoplankton biomass in OFSF stations were within the
ambient levels, based on comparison with AFSF stations. Regular river discharge and tides of semi-diurnal type
cause water quality and phytoplankton biomass in the OFSF stations of lower and middle reaches of estuary
returned to levels equivalent to those in the AFSF stations. The limited spatial and temporal impact suggests that
the effluents were dissipated by tides and assimilated and/or mineralized by the estuarine food web. Our results
imply that river-dominated, mangrove estuary has some capacity, atleast over short spatial and temporal scales,
to process intermittent inputs of pond-derived effluents.
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1. INTRODUCTION

Estuarine and coastal areas have complex and dynamic
aquatic environments [1]. Estuarine ecosystems are
most productive natural habitat for brackishwater
aquaculture and are considered to be excellent natural
nursery grounds for a variety of fish and shrimp [2-5].
Estuaries and coastal areas are essential for domes-
tic, industrial, aquaculture and agricultural purposes and
are also used as a means for waste disposal [6]. The
contribution of aquaculture to the global production of
capture fisheries and aquaculture combined has risen
continuously, reaching 46.8% in 2016, up from 25.7%
in 2000 [7]. Worldwide brackishwater aquaculture pro-
duction was 28.7 million tonnes in 2016. In sharp con-
trast to the dominance of finfish in inland aquaculture,
shelled molluscs (16.9 million tonnes) constitute
58.8%, finfish (6.6 million tonnes) and crustaceans (4.8
million tonnes) together were responsible for 39.9%
[71. Instances of possible deleterious effects of efflu-
ents from shrimp ponds on the water quality of the

coastal zone concerning water pollution as the most
common complaint have been reported [8-15]. Most
commonly shrimp aquaculture is being practised in
ponds that are near or on the coast as per guidelines
of the Coastal Aquaculture Authority (CAA). Semi-in-
tensive or intensive shrimp culture production systems,
lead to a significant increase in the levels of nutrients,
phytoplankton biomass, organic matter and suspended
solids in the environment receiving the farm’s efflu-
ents [16-19]. Water is discharged from these shrimp
ponds to the coastal ecosystem as part of the water
exchange during the culture period and complete drain-
ing of pond water is typically done at the end of each
culture, to discard the water rich in nutrients and sus-
pended solids and to aerate the bottom soils in the
preparation of next culture [20,21]. Such practice can
rapidly alter the nutrient levels and quality of nearby
waters. Impacts of aquaculture effluents on the water
quality of coastal creeks and mangrove swamps have
already received great attention [19,22-26]. The im-
pact of pond effluents on adjacent ecosystems is vari-
able and depends on various factors, including the mag-
nitude of the discharge, the chemical composition of
the pond effluents and the specific characteristics of
the environment that receive the discharge, such as
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Figure 1. Stations' locations map

circulation and dilution rates [27].

River Godavari is the second largest river after the
Ganges in India with rich biodiversity of flora and fauna.
Shrimp aquaculture along the banks of the river in the
estuarine waters have been practised for a few de-
cades with the tiger shrimp Penaeus monodon and now
with imported pacific white shrimp P. vannamei through
semi-intensive methods. Andhra Pradesh ranks first in
coastal and second in freshwater aquaculture, situated
around Godavari river. There are no studies so far on
the impact of aquaculture on the estuarine ecosystem
of river Godavari. Therefore, the objective of the study
is to assess the impact of shrimp culture pond efflu-
ents/discharge water on the quality of receiving wa-
ters at the outfall of shrimp farms and away from
shrimp farms to detect environmental changes if any
and to distinguish potential impacts from natural
variability. This study is to our knowledge the first one
that combines data on effluent fluxes from brackis-
hwater pond culture with related effects on water qual-
ity in adjacent coastal waters of Godavari estuary.

2. MATERIAL AND METHOD
2.1 Study area

The study area is Godavari estuary, comprising two
estuarine systems called Gautami Godavari estuary
(GGE) and Vasishta Godavari estuary (VGE). Gautami
Godavari is an eastern distributary of the Godavari

estuarine system and Vasishta Godavari is a western
distributary of the Godavari estuarine system empty-
ing into the Bay of Bengal. The present study focus on
GGE. Shrimp aquaculture is going on along the banks
of Godavari for the past three decades. Semi-inten-
sive type of shrimp aquaculture is being practised and
discharge water is released into the river without treat-
ing. The species P. vannamei is cultured in about 90-
110 days. Like other monsoon-fed Indian estuaries, it
has an annual flood phase between July and Septem-
ber (SW monsoon). The rest of the year can be divided
into recovery or post-monsoon phase of highly fluctu-
ating low salinities (October to December), a stable
phase of moderate salinities with typical estuarine con-
ditions (January to March) and drought or pre-monsoon
phase of total marine domination (April to June). Based
on the seasonality of brackishwater and tidal condi-
tions, tide and pump-fed dependent cultures are being
practised in this region. There are three farming peri-
ods (FPs) in this region. FP-1 starts in August; FP-2
starts in January and FP-3 starts in April. After har-
vest in each farming period, effluents were discharged
into the estuary.

2.2 Sample collection and analysis

The present study was undertaken during the period
2016-2017 to compare the physico-chemical param-
eters of water in the receiving water bodies at the
outfall of shrimp farms (OFSF) and away from shrimp
farms (AFSF) during the discharge time of all farming
periods (FP) as the complete draining of pond water is
typically done at the end of each farming period. Stra-
tegic sampling stations were selected to carry out the
sampling in the estuary (Figure 1). The sampling places,
where aquaculture effluents were discharged, located
at lower and middle reaches of the estuary were la-
belled as stations at the outfall of shrimp farms (OFSF)
(station 1, 2, 3, 4 and 5) and the sampling places away
from the shrimp farms located far away from shrimp
ponds and at extreme ends of upper reaches of the
estuary, that is beyond 40 km from the mouth towards
upstream were labelled as stations away from shrimp
farms (AFSF) (stations 6 and 7). The water samples
were collected from the surface and bottom (5 m depth)
with a Niskin sampler at each sampling station. Water
samples were also collected from the shrimp culture
ponds of representative farms (n=>5) located on the
estuary during all the farming periods. Dissolved oxy-
gen was fixed with Winkler's reagents onboard and
determined by the titrimetric method in the laboratory.
The temperature was measured with a calibrated clean
thermometer (£0.1°C) put in the Niskin sampler by
opening its lid. Salinity was determined by argento-
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Table 1. Physico-chemical parameters of shrimp pond waters

Water parameter Farms using GGE water
FP-1 FP-2 FP-3

pH 7.2+1.14 7.9+0.48 7.4 £ 1.12

Salinity (ppt) 11.12 £ 5.4 26.45+1.45 28.15+1.45
DO (mg/L) 5.45 + 1.45 5.96 £+ 1.156 5.86 £ 1.13
BOD (mg/L) 10.05+2.58 8.15+3.15 12.12+1.25
TAN (ppm) 0.9 + 0.01 0.85+0.02 0.78 = 0.01
Total nitrogen (mg/L) 1.5 +£0.21 1.7+£0.44 1.2 £ 0.33

Phosphate (mg/L) 0.09 + 0.01 0.04+0.02 0.03+£0.01

Total phosphorus (mg/L) 0.6+0.21 0.7+0.19 0.8 £ 0.17

TSS (mg/L) 14.13 +9.5 23.15+6.4 31.5 =+ 8.5

Chlorophyll a (mg/m 3) 9.52 + 5.59 3.50+0.50 7.80 = 1.40

Table 2. Physico-chemical parameters of water in the receiving water body (GGE) at the outfall and away from shrimp farms
during the discharge time of farming periods (values alongwith SD are average of five sampling stations for OFSF and two

sampling stations for AFSF)

Parameter OFSF AFSF Comparison between OFSF
and AFSF stations
FP-1 FP-2 FP-3 FP-1 FP-2 FP-3 OFSF | AFSF | Calculated
t-statistic
Temperature (°C) | 29.75 + 0.34/29.32 +0.59 | 30.0 + 0.47 [30.75 £0.95 | 30.25 +0.25 | 30.25 +0.28 | 29.69 |30.42 |3.78**
pH 8.01 £ 0.07 |7.91 £0.10 | 8.44 £+ 0.04 [8.39+0.08 | 8.19+0.19 | 7.74 £0.61 | 812 |8.11 0.08Ns
Salinity (ppt) 11.33+4.87 | 27.09+1.63 | 29.16+0.56 |0.16+0.008 | 5.84 + 6.33 | 14.36+14.3 | 2263 |6.79 5.08**
DO (mg/L) 6.84 £ 0.74 |6.98 £0.48 | 7.64 +£+0.71 (897 +£0.76 | 748 +1.10 |8.12+0.35 | 7.16 |8.19 3.78**
BOD, (mg/L) 0.77 £ 0.68 [ 2.07 £ 0.21 | 0.08 £ 0.01 1.71 £ 0.06 | 0.86 £+ 0.52 | 0.80 £ 1.93 | 0.98 |1.40 1.39N8
NO, (mg/L) 0.021+0.007 | 0.011+0.001 | 0.04 + 0.001 |0.02 £0.004 | 0.011+0.014 | 0.01 £0.007 | 0.03 |0.02 2.09N
NO, (mg/L) 1.64 + 0.39 | 0.97 + 0.27 | 0.004+0.001 |1.95 £ 0.16 | 0.79 + 0.28 | 0.007+0.003 | 0.88 |0.92 0.17Ms
PO, (mg/L) 0.11 £ 0.01 | 0.06 + 0.09 | 0.03 £0.005 |0.09 £0.009 | 0.11 £0.007 | 0.01 +0.004 | 0.07 |0.08 0.46Ns
Si0,* (mg/L) 11.99+£2.71 [5.29 £1.20 | 0.82 £ 0.39 |17.86+2.03 18.14+7.30 | 14.71+6.45 | 6.04 |16.91 |6.25**
NH,* (mg/L) 0.02+0.005 |0.009+0.002 | 0.01+0.006 |0.009+0.005 | 0.002+0.001 | 0.006+0.004 | 0.02 |0.01 5.28**
TSS (mg/L) 15.13+7.94 | 24.83+4.54 | 32.74+3.03 |6.19 £4.25 | 8,569 +0.35 | 19.05+11.7 | 24.24 |11.28 | 4.22**
Chl a (mg/m?) 10.62+6.90 |3.74 £ 0.57 | 8.16 £ 1.15 |20.34+4.51 5.56 £ 0.89 | 7.29 +3.77 | 7.51 11.14 | 1.86"s
NS - Not significant; *Significant at 5% level; * *Significant at 1% level

metric titration method and the pH was measured on
Thermo Scientific Orion Star benchtop pH metre with
an accuracy of +0.01. For the determination of chlo-
rophyll-a, water samples were filtered through GF/F
filters and extracted with 90% acetone overnight at
4.°C measured by spectrophotometric method. Those
filtered water samples were used for the determina-
tion of nutrients (NO,-N, NO_-N, PO,*-P and SiO,*-Si)
by standard spectrophotometric methods. All the
samples were analyzed for the remaining parameters,
namely 5-day biological oxygen demand (BOD,), total
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suspended matter (TSM), total ammonia nitrogen (TAN),
total nitrogen (TN) and total phosphorous (TP) by fol-
lowing the standard methods [28,29].

2.3 Statistical analysis

The physico-chemical parameters of shrimp farm pond
waters and receiving water bodies at OFSF and AFSF
stations in the GGE for each farming period are repre-
sented as mean +SD in tables 1 and 2, respectively. T-
test was done to compare the significant difference
for each water parameter between OFSF and AFSF
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Table 3. Correlation matrix for OFSF stations of GGE

Variable Temperature | pH Salinity | DO BOD NO,” NO PO,* |Si0,> |NH,* TSM |Chl a
Temperature | 1

pH 0.87* 1

Salinity -0.04 0.43 1

DO 0.66 0.94 0.71* 1

BOD -0.99 -0.86 0.06 -0.64* |1

NO,” 0.94 0.98* 0.27 0.87* |-0.93* |1

NO,” -0.45 -0.82* |-0.86* |-0.96* | 0.43 -0.72 1

PO 3" -0.22 -0.66* |-0.96* |-0.87* | 0.20 -0.562 | 0.96* |1

Sio,» -0.25 -0.68* |-0.95* |-0.88* | 0.23 -0.66 | 0.97* |0.99* |1

NH,* 0.23 -0.562 -0.98* |-0.56* |-0.25 |-0.09 |[0.75* |0.89* |0.88* |1

TSM 0.30 0.72* 0.93* [0.91* |-0.28 |0.59 -0.98* |-0.99* | -0.99* |-0.85* | 1

Chl a 0.74 0.33 -0.70* |-0.00 |-0.75* |0.48 0.25 0.48 0.45 0.82* |-0.40 |1
*Indicates significant correlations at 5% level

Table 4. Correlation matrix for AFSF stations of GGE

Variable Temperature | pH Salinity | DO BOD NO,” NO .~ PO |Si0,2 |NH,* TSM |Chl a
Temperature |1

pH 0.73 1

Salinity -0.80 0.99 1

DO 0.90 0.37 -0.47 1

BOD 0.99 0.77 -0.83 0.87 1

NO,” 0.99 0.79* -0.85* | 0.86* |0.99* |1

NO,” 0.91 0.94* -0.97* |0.65* |0.93* |0.94 1

PO * 0.32 0.87* -0.82* [-0.10 |0.38 0.41 0.67 1

Si0, > 0.43 0.92* -0.88* |0.00 0.48 0.51 0.75 0.99* |1

NH,* 0.82 0.22 -0.32* 10.98* |0.78 0.76 0.52 -0.26 |-0.15 1

TSM -0.64 -0.99* 0.97 -0.25 |-0.68 |[-0.71 -0.89 |[-0.93* |-0.96* |-0.09 1

Chl a 0.99 0.66* -0.73 0.94* |0.98* |0.98 0.86* [0.22 0.33 0.87* |-0.5 |1
*Indicates significant correlations at 5% level

stations at probability levels of 0.05 and 0.01 and de-
noted as * and **, respectively. Correlation coefficients
were estimated among the water parameters in OFSF
and AFSF stations. All the statistical analyses were
done using SPSS-2016.

3. RESULT AND DISCUSSION

The results of physico-chemical parameters (mean =
SD) of shrimp farm pond waters at OFSF and AFSF
stations in the GGE and their interpretation are pre-
sented in tables 1 and 2, respectively. Correlation co-
efficients among the water parameters at OFSF and
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AFSF stations are shown in tables 3 and 4, respec-
tively.

3.1 Temperature

The mean temperature values at OFSF and AFSF sta-
tions ranged from 29.32°C (FP-2) to 30°C (FP-3) and
from 30.25°C (FP-2) to 30.75°C (FP-1), respectively.
There were no significant differences between surface
and bottom temperatures at OFSF and AFSF stations
during all the farming periods. The mean temperature
values of all the farming periods were highly signifi-
cant (p<0.01) between OFSF and AFSF stations (Table
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2). The maximum and minimum temperatures were ob-
served in OFSF stations during FP-3 (pre-monsoon-sum-
mer) and FP-2 (post-monsoon), respectively. In con-
trast, the maximum and minimum temperatures were
observed in AFSF stations during monsoon and pre-
monsoon, respectively which might have due to high
river discharge (fluid dynamics) prevailing at AFSF sta-
tions in these seasons. Similar results were reported
in GGE which are corroborated with the results of our
study [30,31].

3.2pH

The mean pH values in OFSF and AFSF stations ranged
from 7.91 (FP-2) to 8.44 (FP-3) and from 7.74 (FP-3)
to 8.39 (FP-1), respectively. There were no significant
differences between surface and bottom pH values at
AFSF and OFSF stations during all the periods of sam-
pling. The mean pH values of all the farming periods
were not significant between OFSF and AFSF stations
(Table 2). Anilakumary reported that pH values change
from acidic to alkaline when colloidal particles mix with
seawater and become coagulated [32]. A slightly alka-
line range in pH was observed at all the sampling sta-
tions (Table 2). The pH values were relatively low in
OFSF stations than in AFSF stations as the salinity
increases downstream (Figure 1). Similar results re-
ported by Pankaj in Kali estuary are corroborated with
the results of our study [33].

3.3 Salinity

The mean salinity values in OFSF and AFSF stations
ranged from 11.33 ppt (FP-1) to 29.16 ppt (FP-3) and
from 0.16 ppt (FP-1) to 14.36 ppt (FP-3), respectively.
The mean salinity values of all the farming periods were
highly significant (p<0.01) between OFSF and AFSF sta-
tions (Table 2). The surface and bottom salinity differ-
ences were considered during all the periods of sam-
pling in OFSF and AFSF stations, with higher bottom
salinity values (Figures 2a,b, 3a,b and 4a,b). The salin-
ity difference between surface and bottom shows an
increasing trend from head to mouth (AFSF stations to
OFSF stations. Figure 1 concludes that the Godavari
estuary is similar to other Indian estuaries [34,35]. High
salinity values in OFSF stations over the AFSF sta-
tions during all the periods of sampling indicates pris-
tine marine domination in the OFSF stations of middle
and lower reaches of the estuary, which is witnessed
by the weak negative correlation of salinity with ni-
trate, phosphate, ammonium except silicate (Figures
2a,b, 3a,b and 4a,b and Table 3). In AFSF stations,
salinity was lowest in monsoon, showing an increas-
ing trend from post-monsoon followed by pre-monsoon.
The freshwater inflow from the river influenced sig-

nificantly on lowering of the salinity during the mon-
soon. Salinity shows a strong negative correlation with
nitrate, phosphate, silicate and ammonium indicates
that these stations are dominated by freshwater (Tables
3 and 4) [36-38].

3.4 Dissolved oxygen

The mean DO values in OFSF and AFSF stations ranged
from 6.84 mg/L (FP-1) to 7.64 mg/L (FP-3) and from
7.48 mg/L (FP-2) to 8.97 mg/L (FP-1), respectively.
The difference between surface and bottom DO were
marked in AFSF stations than OFSF stations and were
high in pre-monsoon, which is attributed to the river
discharge (Figures 2c,d, 3c,d and 4c,d). The mean dis-
solved oxygen values of all the farming periods were
highly significant (p<0.01) between OFSF and AFSF
stations (Table 2 ). Relatively lower DO values were
found in OFSF stations than in AFSF stations except in
FP-2 during all the periods (Figure 2¢,d, 3c,d and 4c,d).
The low DO concentration in FP-1 followed by FP-3 in
GGE of OFSF in lower and middle reaches of estuary
might be either because of organic matter load dis-
charged through the shrimp pond effluents or the influ-
ence of salinity and upwelling tides[39-42]. This is also
supported by the negative correlation of DO with all
nutrient species in OFSF stations of GGE, which indi-
cates that a relatively lower DO water mass was
brought into the OFSF stations from the inner part of
the estuary (Table 3) [43]. However, relatively higher
DO values in the AFSF stations could be attributed to
the input of DO rich freshwater through river discharge.

3.5 Biochemical oxygen demand

The mean BOD values in OFSF and AFSF stations
ranged from 0.08 mg/L (FP-3) to 2.07 mg/L (FP-2) and
from 0.80 mg/L (FP-3) to 1.71 mg/L (FP-1), respec-
tively. The surface and bottom differences of BOD were
marked in AFSF stations than OFSF stations (Figures
2c,d, 3c,d and 4c,d). The BOD values of all the farm-
ing periods were not significant between OFSF and
AFSF stations. BOD is often used as a surrogate of
the degree of organic pollution of water, giving an esti-
mate of the anthropogenic amount and natural biode-
gradable organic matter [44]. Relatively higher BOD
values were found in AFSF stations than in OFSF sta-
tions during all the periods of study, which might be
due to the high amounts of wastewater from urban
and agricultural activities, rich in organic matter enter-
ing into these regions (Table 2) [45].

3.6 Total suspended solids

The mean total suspended solids (TSS) levels in OFSF
and AFSF stations ranged from 15.13 mg/L (FP-1) to
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Figure 2. Physico-chemical parameters of surface and bottom waters of GGE during FP-1: (a and b) salinity ; (c and d)
dissolved oxygen, biochemical oxygen demand and total suspended solids; (e and f) nutrients and (g and h) chlorophyll-a
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Figure 3. Physico-chemical parameters of surface and bottom waters of GGE during FP-2: (a and b) salinity ; (c and d)
dissolved oxygen, biochemical oxygen demand and total suspended solids; (e and f) nutrients and (g and h) chlorophyll-a
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32.74 mg/L (FP-3) and from 6.19 mg/L (FP-1) to 19.05
mg/L (FP-3), respectively. The concentrations of TSS
between surface and bottom water differ significantly
at OFSF and AFSF stations (Figures 2c,d, 3c,d and
4c,d). The mean TSS values of all the farming periods
were highly significant (p<0.01) between OFSF and
AFSF stations (Table 2). TSS levels in OFSF stations
were found higher than AFSF stations in both the estu-
aries (Table 2 and Figure 2c,d, 3c,d and 4c¢,d) with high
values in bottom water and showed much difference
among farming periods. A decreasing trend in TSS val-
ues was followed from FP-3 to FP-2 and FP-1. The
TSS levels increased during shrimp pond effluents dis-
charge (especially FP-3) due to resuspension of bot-
tom sediments of shrimp ponds and erosion of chan-
nels walls and absence of this during FP-1 might be
diminished by monsoon discharge [46]. However, in
AFSF stations, worth considering levels of TSS were
observed even there was no discharge of pond efflu-
ents illustrating the close link between short-term
weather events and water quality [47].

3.7 Nutrients

The mean nitrite values in OFSF and AFSF stations
ranged from 0.01 mg/L (FP-2) to 0.04 mg/L (FP-3) and
from 0.01 mg/L (FP-3) to 0.02 mg/L (FP-1), respec-
tively. There were no significant differences between
surface and bottom concentrations of nitrite at OFSF
and AFSF stations. The mean nitrite values of all the
farming periods were not significant between OFSF and
AFSF stations (Table 2). Nitrite is the intermediate
oxidation state between ammonium and nitrate. It can
appear as a transient species by the oxidation of am-
monium or by the reduction of nitrate. The nitrite con-
centrations were observed low at all stations during
all the periods of sampling. Nitrite levels above 0.1 mg/
L in water bodies can be toxic [48]. Concentrations of
nitrite in OFSF stations were relatively high compared
to AFSF stations though not much variation exists be-
tween OFSF and AFSF stations might be due to dis-
charge of shrimp pond effluents, surface runoff and
nutrient-rich backwater intrusion into OFSF stations
of middle and lower reaches of estuary (Table 2 and
Figures 2¢,d, 3c,d and 4c¢,d) [49,50]. This is corrobo-
rated by the positive correlation of salinity with nitrite,
which indicates that inhibition of nitrification process
due to the absence of Nitrobacter sp. in OFSF stations
and high levels of nitrite accumulation at different sa-
linities.

The mean values of nitrate in OFSF and AFSF stations
ranged from 0.004 mg/L (FP-3 discharge) to 1.64 mg/
L (FP-1) and from 0.007 mg/L (FP-3) to 1.95 mg/L (FP-

1) respectively. Nitrate concentration between surface
and bottom water did not differ significantly in FP-1,
FP-3 farming periods in OFSF and AFSF stations (Fig-
ures 2e,f, 3e,f and 4e,f). The mean nitrate values of
all the farming periods were not significant between
OFSF and AFSF stations (Table 2). Nitrate showed de-
creasing trend both in OFSF and AFSF stations with
the highest values during monsoon (FP-1) followed by
pre-monsoon (FP-3) and post-monsoon (FP-2) (Table 2).
The highest monsoon values were due to freshwater
influx. The negative correlation between salinity and
nitrate both in OFSF stations and AFSF stations as
reported by others showed that freshwater influx is
the main source of this nutrient (Table 3 and 4)
[37,51,52]. The mean NH,* - N values in OFSF and
AFSF stations ranged from 0.009 mg/L (FP-2 begin) to
0.02 mg/L (FP-1) and from 0.002 mg/L (FP-2) to 0.009
mg/L (FP-1), respectively. NH,*-N concentration be-
tween surface and bottom did not differ significantly
in OFSF and AFSF stations during all the periods of
sampling. The mean NH,*-N values of all the farming
periods were highly significant (p<0.01) between OFSF
and AFSF stations (Table 2). The NH,*-N concentra-
tions were observed low at OFSF and AFSF stations
during the entire study period (Table 2). The negative
correlation of NH, *-N with salinity as reported by oth-
ersboth in OFSF stations and AFSF stations indicates
that freshwater is the source of this nutrient into the
study area and not related to the aquaculture activi-
ties (Tables 3 and 4) [50,53].

The mean phosphate values in OFSF and AFSF sta-
tions ranged from 0.03 mg/L (FP-3) to 0.11 mg/L (FP-
1) and from 0.01 mg/L (FP-3) to 0.09 mg/L (FP-1), re-
spectively. There was no significant difference be-
tween surface and bottom water concentration of phos-
phate in OFSF and AFSF stations during all the periods
of sampling (Figures 2e,f, 3e,f and 4e,f). The mean
phosphate values of all the farming periods were not
significant between OFSF and AFSF stations (Table 2).
Phosphate concentration in coastal waters depends
upon its concentration in the freshwater that mixed
with the seawater within the sea-land interaction zone,
phytoplankton-uptake addition through localized up-
welling and replenishment as a result of microbial de-
composition of organic matter [54]. Phosphate showed
a decreasing trend in OFSF and AFSF stations during
all the periods of sampling with the highest values dur-
ing monsoon followed by pre and post-monsoon sea-
sons (Table 2). The highest values in AFSF stations
and OFSF ( especially in FP-1) stations during monsoon
are due to the freshwater influx and mixing of fresh-
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water with seawater accompanied by aquaculture ef-
fluents in the middle and lower reaches of estuary re-
spectively [65,56].

To differentiate the OFSF and AFSF stations silicate
was measured. The mean silicate concentration in OFSF
and AFSF stations ranged from 0.82 mg/L (FP-3) to
11.99 mg/L (FP-1) and from 14.71 mg/L (FP-3) to 18.14
mg/L (FP-2), respectively. Silicate concentration be-
tween surface and bottom differ significantly in OFSF
and AFSF stations during all the farming periods (Fig-
ures 2e,f, 3e,f and 4e,f). According to Patra silicate
content of water varies with water salinity and higher
silicate content was recorded in low salinity areas,
which is corroborated with the results of our study
[57]. The mean silicate values of all the farming peri-
ods were highly significant (p<0.01) between OFSF and
AFSF stations (Table 2). Silicate showed an increasing
trend in both OFSF and AFSF stations from pre-mon-
soon followed by post-monsoon and monsoon (Table
2). The observed higher silicate concentration in mon-
soon after post-monsoon was due to flooding influx
from land drainage and silicate leaching from rocks and
sediments [68,59]. Higher silicate concentrations were
observed in pre-monsoon in contrast to monsoon both
in OFSF and AFSF stations, which are supported by
the negative correlation of salinity with silicate both in
OFSF and AFSF stations (Tables 3 and 4). This might
be due to the release of surplus water stored in the
dam above the study area in the pre-monsoon for irri-
gation purposes in low lying areas. From this, it is logi-
cal to say that river discharge is high throughout the
study area.

3.8 Chlorophyll-a

The mean chlorophyll-a (chl a) concentrations in OFSF
and AFSF stations ranged from 3.74 mg/m3 (FP-2) to
10.62 mg/m? (FP-1) and from 5.56 mg/m? (FP-2) to
20.34 mg/m? (FP-1), respectively. Chl-a concentration
between surface and bottom water differ significantly
in OFSF and AFSF, which were more marked in mon-
soon season (Figures 2g,h, 3g,h and 4g,h). The mean
chlorophyll values of all the farming periods were not
significant between OFSF and AFSF stations (Table 2).
The primary productivity potential of the aquatic envi-
ronments depends upon the phytoplankton, which alone
contributes 90% of the total primary production. Thus
chlorophyll-a which constitutes the chief photosynthetic
pigment of phytoplankton is an index that would pro-
vide the primary production potential upon which the
biodiversity, biomass and carrying capacity of that
system depends upon [60]. Chl-a concentration in AFSF
stations was found higher than OFSF stations during

the study period without the intervention of whether it
is surface or bottom (Table 2). Chl-a concentration
showed a decreasing trend from monsoon followed by
pre-monsoon and post-monsoon in AFSF and OFSF sta-
tions. The high chl-a concentration observed in AFSF
stations might be due to higher phytoplankton abun-
dance, which is supported by a strong positive corre-
lation of pH with chl-a indicating the rapid growth of
algae caused by high concentrations of nitrogen and
phosphorous released from continuously dosed bait with
river discharge (Table 4) [61]. In OFSF stations insig-
nificant correlation of pH with chl-a and worthy con-
sidering values of chl-a, especially during the FP-1 and
FP-3 was due to high Chl-a concentration in shrimp
ponds (Table 3) [62].

4. CONCLUSION

The present study summarizes the environmental im-
pact of shrimp pond effluent and phytoplankton biom-
ass in a tropical mangrove estuary concerning aquac-
ulture farming periods as exploratory statistical data
output. This provides information on the water quality
status at outfall stations of aquaculture effluents com-
pared to the stations away from aquaculture activi-
ties. Shrimp farm effluents cause significantly high
salinity and suspended solids to the coastal ecosys-
tem as well as reduced dissolved oxygen. Effluents
could not elevate the nutrient loadings in OFSF sta-
tions and are quite similar to the situation in the AFSF
stations. The reported high salinities in OFSF stations
of the middle and lower reaches of the estuary were
due to pristine marine domination. The reported reduced
DO levels are either due to organic matter load dis-
charged through shrimp pond effluents or due to the
influence of salinity and upwelling tides. No significant
difference in chlorophyll-a between OFSF and AFSF
stations. However, high chlorophyll-a concentrations
in AFSF stations are due to higher phytoplankton abun-
dance. No significant difference in BOD between OFSF
and AFSF. Our results conclude that some water qual-
ity characteristics are altered by effluent discharge in
outfall sites, but a comparison of water quality between
OFSF and AFSF stations imply that the conditions at
the outfall sites returned to ambient levels. Moreover,
the impacted mangrove estuary has some capacity to
assimilate or transform nutrients derived from periodic
inputs from the shrimp ponds. The assimilative and/or
dissimilative mechanisms were not examined but it is
likely that a combination of processes, most likely min-
eralization and subsequent dissipation (for example
respiration, denitrification) by planktonic food webs and
dilution by river discharge, physical processing by tides
were the major mechanisms.

INDIAN J. ENVIRONMENTAL PROTECTION, VOL. 42, NO. 2, FEBRUARY 2022 167
© 2022 - Kalpana Corporation



ACKNOWLEDGEMENT

The

author expresses his sincere thanks to NVHK Chari

for his financial support for this work and Prof. N.S.
Sarma (Emeritus Scientist CSIR) provides instrumen-
tal facilities. All the farm owners are sincerely acknowl-
edged for their cooperation during the study.

REFERENCES

1.

10.

11.

12.

13.

168

Morris, A.\W., et al. 1995. The estuary plume zone:
Source or sink for land-derived nutrient dis-
charges? Estuar. Coast Shelf. Sci., 40: 387-402.
Simpson, J.H., A. Vennell and J.A. Souza. 2001.
The salt fluxes in a tidally-energetic estuary. Estuar.
Coast. Shelf. Sci., 52(1) : 131-142.

Minello, T.J., et al. 2003. Salt marshes as nurser-
ies for Nekton: Testing hypotheses on density,
growth and survival through meta-analysis. Mar.
Eco. Prog. Series. 246: 39-59.

Dorenbosch, M.G.G., et al. 2005. Indo-Pacific
seagrass beds and mangroves contribute to fish
density and diversity on adjacent coral reefs. Mar.
Eco. Prog. Series. 302: 63-76

Kimirei, et a/. 2011. Ontogenetic habitat use by
mangrove/seagrass-associated coral reef fishes
shows flexibility in time and space. Estuar. Coast.
Shelf Sci., 92: 47-58.

Boon, P.J., P. Calow and G.E. Petts. 1991. River
conservation and management. John Wiley & Sons,
Chichester, England, UK.

FAO. 2018. The state of world fisheries and aquac-
ulture 2010. FAO Fisheries and Aquaculture De-
partment, Rome.

Ziemann, D.A., etal. 1992. A survey of water qual-
ity characteristics of effluent from Hawaiian aquac-
ulture facilities. J. World. Aqua. Soc., 23(3): 180-
191.

Twilley, et al. 1993. Litter dynamics in riverine
mangrove forests in the Guayas river estuary, Ec-
uador. Oecol., 111(1): 109-122.

Dierberg, F.E. and W. Kiattisimkul. 1986. Issues,
impacts and implications of shrimp aquaculture in
Thailand. Env. Manage., 20 (5): 649-666.
Bardach, J .H. 1997. Aquaculture, pollution and
biodiversity. In Sustainable aquaculture. Ed J.E.
Bardach. John Wiley and Sons, New York. pp 87-
100.

Boyd, C. E. 2003. Guidelines for aquaculture efflu-
ent management at the farm level. Aquacul., 226(1-
4):101-112.

Sar‘a, G. 2007. Ecological effects of aquaculture
on living and non-living suspended fractions of the
water column: A meta analysis. Water Res.,

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

41(15): 3187- 3200.

Anh, P.T., et al. 2010. Water pollution by inten-
sive brackish shrimp farming in south-east Viet-
nam: Causes and options for control. Agric. Wa-
ter. Manage., 97(6): 872-882.

Bui, T.D., et al. 2012. Impact of shrimp farm efflu-
ent on water quality in coastal areas of the world
heritage-listed Ha Long Bay. American J. Env. Sci.,
8(2):104-116.

McKinnon, A.D., et al. 2002. Water column pro-
duction and nutrient characteristics in mangrove
creeks receiving shrimp farm effluent. Aquacul.
Res., 33(1): 55-73.

Biao, X., D. Zhuhong and W. Xiaorong. 2004. Im-
pact of the intensive shrimp farming on the water
quality of the adjacent coastal creeks from east-
ern China. Mar. Poll. Bull., 48 (5-6): 543-553.

De Lacerda, D.L., et al. 2006. Relative importance
of nitrogen and phosphorus emissions from shrimp
farming and other anthropogenic sources for six
estuaries along the NE Brazilian coast. Aquacul.,
253(1-4) : 433-446.

Cardoso-Mohedano, J.G., et a/. 2016. Combined
environmental stress from shrimp farm and dredg-
ing releases in a subtropical coastal lagoon (SE Gulf
of California). Mar. Poll. Bull., 104(1-2): 83-91.
Wang, W. L., et al. 2007. Environmental impact of
aquaculture and countermeasures to aquaculture
pollution in China. Env. Sci. Poll. Res., 14: 452-
462.

Wou, H., et al. 2014. Mariculture pond influence on
mangrove areas in South China: Significantly larger
nitrogen and phosphorus loadings from sediment
wash-out than from tidal water exchange. Aquacul.,
426-427:204-212.

Wolanski, E., et al. 2000. Modelling and visualizing
the fate of shrimp pond effluent in a mangrove-
fringed tidal creek. Estuar. Coast. Shelf. Sci., 50(1):
85-97.

Burford, M., et al. 2003. Nutrient and microbial
dynamics in high-intensity, zero-exchange shrimp
ponds in Belize. Aquacul., 219: 393-411.
Costanzo, D.S., et al. 2004. Assessing the influ-
ence and distribution of shrimp pond effluent in a
tidal mangrove creek in north-east Australia. Mar.
Poll. Bull., 48(5): 514-525.

Molnar, N., et al. 2013. Impacts of shrimp farm
effluent on water quality, benthic metabolism
and N-dynamics in a mangrove forest (New
Caledonia). Estuar. Coast. Shelf. Sci., 117: 12-21.
Cardoso-Mohedano, J.G., et a/. 2016a. Reducing
nutrient impacts from shrimp effluents in a sub-
tropical coastal lagoon. Sci. Total Env., 571: 388-

INDIAN J. ENVIRONMENTAL PROTECTION, VOL. 42, NO. 2, FEBRUARY 2022
© 2022 - Kalpana Corporation



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

397.

Paez-Osuna, F., et al. 2001. The environmental
impact of shrimp aquaculture: Causes, effects and
mitigating alternatives. Env. Manage., 28(1): 131-
140.

Grasshoff, K., K. Kremling and M. Ehrhardt. 1999.
Methods of seawater analysis (3rd edn). Wiley-
VCH Verlag GmbH.

APHA. 1989. Standard methods for the examina-
tion of water and wastewater. Part 3: Determina-
tion of metals (17th edn). American Public Health
Association, Washington DC.

Padmavathi, D. and D. Satyanarayana. 1999. Dis-
tribution of nutrients and major elements in river-
ine, estuarine and adjoining coastal waters of
Godavari, Bay of Bengal. /ndian J. Mar. Sci., 28:
345-354.

Nageswararao, l., et al. 2017. Seasonal variation
in the physico-chemical parameters in the estua-
rine waters of Gautami Godavari, east coast of
India. J. Appl. Chem., 6(5): 808-816.
Anilakumary, K.S., P.K. A. Azis and P. Natarajan.
2007. Water quality of the Adimalathura estuary,
southwest coast of India. J. Mar. Biol. Assoc., 49
(1):1-6.

Pankaj, B., J.L. Rathod and D. Raveendra. 2017.
Impact of shrimp aquaculture on hydro-biological
parameters of Kali estuary, Karwar, west coast
of India. Int. J. Fish. Aqua. Stu., 5(4): 228-233.
Ramanadham, R. and R. Varadarajulu. 1975. Hy-
drology and hydrography of Krishna estuary. In
Recent researches in estuarine biology. Ed R.
Natarajan. Hindustan Publication Corporation New
Delhi. pp 151-164.

De Sousa, S.N., et al. 1981. Studies on nutrients
of Mandovi and Zuari river systems. /ndian J. Mar.
Sci., 10:314-321.

Lal, D. 1978. Transfer of chemical species through
estuaries to oceans. UNESCO/SCOR Workshop.
Melreus, Belgium. Proceedings. pp.166-170.
Edokpayi, C.A., J.K. Sailu and O.J. Eruteya. 2010.
Assessment of temporal fluctuations in water qual-
ity of the coastal waters of training mole, Tarkwa
Bay, Nigeria. J. American Sci., 6(10): 1179-1185.
Usha, N., et al. 2015. Monitoring longterm shore-
line changes along Tamil Nadu, India using
geospatial techniques. Aqua. Proceed., 4: 325-332.
Hopkins, J.S., et al. 1993. Effect of water exchange
rate on production, water quality, effluent charac-
teristics and nitrogen budgets of intensive shrimp
ponds. J. World. Aqua. Soc., 24(3): 304-320.
Boyd, C.E. and F.J. Queiroz. 2001. Feasibility of
retention structures, settling basins and best man-

INDIAN J. ENVIRONMENTAL PROTECTION, VOL. 42, NO. 2, FEBRUARY 2022

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

agement practices in effluent regulation for Ala-
bama channel catfish farming. Rev. Fish. Sci., 9(2):
43-67.

Miranda-Baeza, A., et al. 2007. Effluent charac-
teristics and nutrient loading of a semi-intensive
shrimp farm in NW Mexico. Vie et Milieu. 57: 21-
27.

Davis, J.C. 1975. Minimal dissolved oxygen re-
quirements of aquatic life with emphasis on Cana-
dian species: A Review. J. Fish. Res. Board Canada.
32:2295-2332.

Magni, P., S. Montani and K. Tada. 2002. Semi-
diurnal dynamics of salinity, nutrients and sus-
pended particulate matter in an estuary in the Seto
inland sea, Japan, during a spring tide cycle. J.
Ocenogr., 58: 389-402.

Sawyer, C.N., et al. 2003. Chemistry for environ-
mental engineering and science (5th edn). McGraw-
Hill, New York.

Al-Hejuje, M.M., N.A. Hussain and H.T. Al-Saad.
2017. Applied heavy metals pollution index (HPI)
as a water pollution indicator of Shatt Al-Arab river,
Basrah, Iraq. Int. J. Mar. Sci., 7(35):353-360.
Barraza-Guardado, R.H., et a/. 2013. Effluents of
shrimp farms and its influence on the coastal eco-
systems of Bah a de Kino, Mexico. Sci. World. J.
DOI:10.1155/2013/306370.

Trott, L.A. and M. Alongi. 2000.The Impact of
shrimp pond effluent on water quality and phy-
toplankton biomass in a tropical mangrove estu-
ary. Mar. Poll. Bull., 40 (11): 947-951.
Wedemeyer, G.A. 1996. Physiology of fish in in-
tensive culture systems. Chapman and Hall, New
York.

Varol, M. 2011.Assessment of heavy metal con-
tamination in sediments of the Tigris river (Tur-
key) using pollution indices and multivariate statis-
tical techniques. J. Hazard. Mater., 195: 355-364.
Satpathy, K.K., et al. 2010. Seasonal variation in
physico-chemical properties of coastal waters of
Kalpakkam, east coast of India with special em-
phasis on nutrients. Env. Monit. Asses.,164: 153-
171.

Choudhary, S. and R.C. Panigrahy. 1991. Seasonal
distribution and behaviour of nutrients in the creek
and coastal waters of Gopalpur east coast of
India. Mahasagar. 24: 81-83.

Satpathy, K.K. 1996. Seasonal distribution of nu-
trients in the coastal waters of Kalpakkam, east
coast of India. /Indian J. Mar. Sci., 25: 221-224.
George, B., J.I.N. Kumar and R.N. Kumar. 2012.
Study on the influence of hydrochemical param-
eters on phytoplankton distribution along Tapi es-

169

© 2022 - Kalpana Corporation



54,

55.

56.

57.

58.

170

tuarine area of Gulf of Khambhat, India. Egyptian
J. Aqua. Res., 38(3): 157-170.

Paytan, A. and K. McLaughlin. 2007. The oceanic
phosphorus cycle. Chem. Rev., 107(2): 563-57.
Gouda, R. and R. C. Panigrahy. 1995. Zooplankton
ecology of the Rushikulya estuary, east coast of
India. J. Aqua. Cult. Trop., 10(3): 201-211.

Liu, M., et al. 2009. Nutrient budgets for large Chi-
nese estuaries. Biogeosci., 6 : 2245-2263.

Patra, A.P., et al. 2010. Seasonal variation in physi-
co-chemical parameters of Chilika lake after open-
ing of new mouth near Gabakunda, Orissa, India.
World J. Fish Marine Sci., 2 (2):109-117.
Osandu, M. 2008. Phytoplankton and nutrient dy-
namics of a tropical estuarine system, Imo river

59.

60.

61.

62.

estuary, Nigeria. 2 (2).

Sankar, R., et al. 2010. Seasonal variations in
physico-chemical parameters and heavy metals in
water and sediments of Uppanar estuary, Nagap-
attinam, India. J. Env. Biol., 31(5):681-686.
Sarma, V.V., et al. 2006. Role of physical pro-
cesses in the distribution of chlorophyll-a in the
northwest Bay of Bengal during pre and post-mon-
soon seasons. Curr. Sci., 91:1133-1134.

Zang, C., S. Huang and S. Du. Comparison of rela-
tionships between pH, dissolved oxygen and chlo-
rophyll a for aquaculture and non-aquaculture wa-
ters. Water. Air Soil. Poll., 219(1): 157-174.
Burford, M. 1997. Phytoplankton dynamics in
shrimp ponds. Aqua. Res., 28:351-360.

INDIAN J. ENVIRONMENTAL PROTECTION, VOL. 42, NO. 2, FEBRUARY 2022
© 2022 - Kalpana Corporation



