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Abstract. Shrimp aquaculture is a major economic activity in Tamil Nadu, with the Nagapattinam and 
Mayiladuthurai districts together accounting for nearly 45% of the state’s licensed shrimp farms. 
Although the sector has periodically attracted concern regarding its environmental sustainability 
particularly with respect to shrimp farm discharge water quality and coastal ecosystem health there 
remains a paucity of empirical, field-based assessments from this region. The present study evaluated 

key environmental parameters across twelve shrimp farms and two control sites located in Nagapattinam 
and Mayiladuthurai districts. Water quality and plankton composition were assessed during the summer 
and pre-monsoon seasons, with samples collected from intake waters, farm discharge points, discharge-
receiving areas, and control sites. Physico-chemical parameters including ammonia, nitrite, nitrate, and 
chemical oxygen demand (COD) were analysed and compared against regulatory standards prescribed by 
the Coastal Aquaculture Authority (CAA) and the Tamil Nadu Pollution Control Board (TNPCB). Statistical 
analyses were conducted using one-way ANOVA and independent t-tests to examine spatial and seasonal 
variations in water quality (p < 0.05). Results indicated no significant differences in most parameters 
among the different water types, with only localized increases in COD (p < 0.001) observed values that 
nonetheless remained well within permissible limits. Plankton analysis revealed diatom dominance and 
diverse zooplankton assemblages, suggesting ecological stability in the receiving environments. Overall, 
the findings demonstrate that shrimp farming practices in the study areas are environmentally compliant 
and exert minimal ecological impact, thereby reinforcing the sector’s sustainability and its continued 
importance as a source of rural livelihood and economic growth in coastal Tamil Nadu. 
Keywords: coastal Tamil Nadu, discharge water, plankton composition, shrimp farming, water quality.  

 

 

Introduction. Frozen shrimp continues to be the major export commodity from India in 

terms of both quantity and value, accounting for 40.19% of total export quantity and 

66.12% of total export earnings. During 2023-2024, India exported 716,004 MT of frozen 

shrimp, valued at US$ 4,881.27 million. Among the exported species, Pacific white 

shrimp Penaeus vannamei dominated, with exports increasing marginally by 0.33% in 

quantity, from 623,432 MT to 625,475 MT (MPEDA, 2024). Tamil Nadu, which possesses 

the second-longest coastline in India, is well endowed with natural resources suitable for 

coastal aquaculture. The state has an estimated 56,000 hectares of brackish water 

resources, of which approximately 8,600 hectares are currently utilised for P. vannamei 

culture. The average productivity of P. vannamei shrimp farming in Tamil Nadu is 

reported to be around 5.20 MT ha-1 year-1 (Angela & Sharma, 2023). Shrimp farming has 

emerged as a significant economic activity across the thirteen coastal districts of Tamil 

Nadu. The sector experienced rapid expansion during the 1990s, followed by a decline in 

the early 2000s due to disease outbreaks, indiscriminate use of chemicals, and the 
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widespread damage caused by the 2004 Indian Ocean tsunami. Subsequently, the 

industry witnessed a revival during the 2010s, largely driven by the introduction and 

adoption of P. vannamei, which offered improved growth performance and production 

stability (Pratheepa et al., 2023). 

Among the coastal districts of Tamil Nadu, Nagapattinam and Mayiladuthurai play a 

prominent role in shrimp farming. Of the 2,404 shrimp farms operating in the state, 

1,072 farms are located within these two districts, together accounting for 44.59% of the 

Coastal Aquaculture Authority (CAA) licensed shrimp farms in Tamil Nadu (CAA, 2025). 

In addition, the districts collectively possess approximately 19,600 hectares of brackish 

water resources, highlighting their significance in the state’s shrimp aquaculture sector. 

Water source pollution has emerged as a major global environmental concern, posing 

risks to both aquatic ecosystems and human health (Mustafa et al., 2024). Shrimp 

farming is among the most water-intensive aquaculture practices, generating substantial 

volumes of discharge water. When inadequately managed, shrimp farm discharges can 

adversely affect receiving water bodies (Cargnin & João, 2024). The principal 

environmental concern associated with shrimp farming arise from discharge water  

release during routine water exchange and harvesting operations. Such discharges often 

contain elevated levels of nutrients, suspended solids, and organic matter, which may 

lead to reduced dissolved oxygen concentrations and increased turbidity in adjacent 

aquatic environments (Bull et al., 2021). 

Despite these concerns, shrimp farming plays an important role in rural livelihoods 

in Tamil Nadu, supporting employment across a wide range of skill levels and 

contributing to household incomes, food production, and reduced rural–urban migration. 

Although the sector has occasionally faced legal challenges primarily arising from 

regulatory ambiguities such issues have largely been addressed through policy 

clarification and due legal processes, underscoring the continued relevance of shrimp 

farming in rural development. In response to the rapid expansion of coastal aquaculture 

and its potential environmental and social implications, the CAA was established in 2005 

to regulate shrimp farming activities and to frame science-based guidelines, drawing on 

lessons learned from earlier environmental and social challenges (Maity et al., 2021). In 

parallel, the Tamil Nadu Pollution Control Board (TNPCB) plays a critical role in 

monitoring and enforcing environmental standards, ensuring that shrimp farms comply 

with prescribed discharge water norms and environmental safeguards. To date, however, 

the environmental assessment of shrimp farming have not been comprehensively 

evaluated, with only a limited number of studies conducted by institutions such as the 

CSIR–National Environmental Engineering Research Institute (NEERI). The limited 

availability of region-specific empirical evidence has contributed to ongoing debates 

regarding the sector’s environmental performance. Against this backdrop, there is a clear 

need for systematic field-based investigations, and the present study aims to assess the 

environmental implications of selected shrimp farms in the Nagapattinam and 

Mayiladuthurai districts of Tamil Nadu. 

 

Material and Method   

 

Study sites and sampling plan. The coastal districts of Mayiladuthurai and 

Nagapattinam in Tamil Nadu were selected for the study due to the high concentration of 

shrimp farming activities in these areas. A total of twelve shrimp farms (Figure 1) were 

purposively selected, ensuring adequate geographical representation within each district. 

Two spatial clusters were identified in each district, resulting in four clusters, with six 

shrimp farms selected per district. In addition, two control sites were included in the 

study to provide reference conditions for comparison with the selected shrimp farms. 

Tharangambadi in Mayiladuthurai district was selected as a control site because the area 

does not support shrimp farming activities. In Nagapattinam district, Velankanni was 

included as the second control site, representing an area influenced by external 

anthropogenic activities, particularly sewage sources. These two sites were included to 

provide reference conditions for assessing the water-quality characteristics of the shrimp 

farm areas. Water samples from the control sites were collected during the summer and 
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pre-monsoon seasons using the same sampling and analytical procedures followed for 

the selected shrimp farms. Water samples from both sites were collected during the 

summer and pre-monsoon crop seasons and analysed using the same standard 

procedures applied to the selected shrimp farms. Sampling included intake water, 

discharge water, discharge-receiving water, and control site water, along with plankton 

samples from shrimp pond waters. All samples were collected at weekly intervals from 

February to November 2024. Laboratory analyses were carried out following the 

procedures outlined in the Standard Methods for the Examination of Water and 

Wastewater (APHA, 2017). 

 

 
Figure 1. Map of the study area showing the distribution of the 14 (12 farms and 2 control sites) 

selected sampling locations in Nagapattinam and Mayiladuthurai districts. 
 

Water quality and plankton analysis. Water samples were collected weekly during the 

summer and pre-monsoon seasons from four sampling locations: shrimp farm intake 

waters, pond discharge outlets, discharge-receiving waters adjacent to the farms, and a 

control site at Tharangambadi. Surface water samples were collected in pre-cleaned 

polyethylene bottles and brought to the laboratory, chilled for analysis. The indicators 

chosen were ammonia, nitrite, nitrate and chemical oxygen demand (COD), which are 

associated with nutrient enrichment and organic pollution and can adversely affect 

aquatic organisms and ecosystem functioning. Excessive nitrogenous and organic 

discharges can exceed the natural assimilative capacity of aquatic systems, leading to 

nutrient enrichment, eutrophication, and ecological imbalance (Gonsch, 2021). 

Laboratory analyses were carried out by standard methods outlined by APHA (2017) via 

spectrophotometric and titrimetric methods. At the same time, samples of phytoplankton 

and zooplankton were taken by plankton nets of 20 µm and 60 µm mesh size, 

respectively and preserved in 4% buffered formalin. Samples were concentrated and 

studied with a compound microscope, with the lowest taxonomic level identification done 

with standard plankton identification keys to determine plankton composition 

 

Statistical analysis. To assess spatial variations in water quality, one-way analysis of 

variance (ANOVA) was performed to determine statistically significant differences in the 

concentrations of the selected parameters among intake water, discharge water, and 

discharge-receiving water. A separate one-way ANOVA was conducted by including 

control site water along with the three farm-related water types, to evaluate the 

influence of shrimp farm discharges relative to a reference environment. To examine 
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seasonal variations, independent t-tests were used to compare parameter concentrations 

in intake water, discharge water, and discharge-receiving water between the pre-

monsoon and summer crop seasons, using pooled data from both districts. A significance 

level of p < 0.05 was applied for all statistical analyses. 

 

Results and Discussion. In the present study, ammonia, nitrite, nitrate, and COD were 

evaluated across four categories of water samples, namely intake water, discharge water, 

discharge-receiving water, and control site water, during the summer and pre-monsoon 

seasons. For each category, mean values were calculated using data obtained from 

Cluster I and Cluster II in both Nagapattinam and Mayiladuthurai districts. Subsequently, 

mean values from the two districts were pooled to derive an overall range for each water 

category. The observed values were compared with the permissible limits prescribed by 

the CAA and the TNPCB. The regulatory limits for the assessed water quality parameters 

are presented in Table 1. 
 

Table 1  

Permissible limits (Sources: CAA 2025; TNPCB 2024) 
 

Parameters (mg L-1) CAA TNPCB 

Ammonia 0.5 5 

COD 75 250 

Nitrate 0.5 - 

Note: No specific permissible limits for nitrite by CAA and TNPCB. 

 

Ammonia. Ammonia (NH3) in aquatic environments originates primarily from the 

excretion of aquatic organisms and the decomposition of organic matter and is known to 

be toxic to aquatic life. In natural systems, ammonia is assimilated by algae or 

biologically oxidised by microorganisms to nitrite and subsequently nitrate (Xu et al., 

2021). In coastal aquaculture systems, ammonia is regarded as a key pollutant, 

particularly in shrimp farming operations where feed inputs and organic loading are 

relatively high (Cardoso-Mohedano et al., 2016). During the summer season, ammonia 

concentrations ranged from 0.058 to 0.123 mg L-1 in intake water, 0.250 to 0.357 mg L-1 

in discharge water, and 0.103 to 0.161 mg L-1 in discharge-receiving waters, while the 

control site recorded a lower value of 0.033 mg L-1. Similarly, during the pre-monsoon 

season, ammonia concentrations in intake water (0.040-0.043 mg L-1), discharge water 

(0.052-0.089 mg L-1), and discharge-receiving waters (0.049-0.072 mg L-1) were 

marginally higher than those observed at the control site (0.039 mg L-1). These 

observations indicate limited ammonia accumulation in areas influenced by shrimp farm 

discharges. Across both seasons, ammonia concentrations remained well below the 

permissible limits prescribed by the TNPCB and were close to the stricter discharge 

standards of the CAA. One-way ANOVA comparing ammonia concentrations among 

intake, discharge, and discharge-receiving waters showed no statistically significant 

differences (p = 0.196), indicating relatively uniform ammonia levels across these water 

types. However, when the control site was included in the analysis, the ANOVA indicated 

a marginal, though not statistically significant, variation (F = 2.812; p = 0.085). 

Duncan’s post-hoc test revealed that ammonia concentrations in discharge and 

discharge-receiving waters were significantly higher than those at the control site, 

suggesting localized increases associated with farm discharge water release. 

Independent t-tests revealed seasonal differences in ammonia concentrations 

across the three water types. In Mayiladuthurai district, significant seasonal variation was 

observed in discharge water (p = 0.008) and discharge-receiving waters (p = 0.004). In 

Nagapattinam district, ammonia concentrations differed significantly between seasons in 

discharge water (p = 0.001) and intake water (p = 0.035), while no significant seasonal 

difference was detected in discharge-receiving waters (p = 0.112). 

Overall, although ammonia levels remained within prescribed regulatory limits and 

spatial variation was limited, the results indicate a clear seasonal influence on ammonia 

concentrations. Ammonia levels were generally higher during the summer season across 

intake, discharge, and discharge-receiving waters, likely due to elevated temperatures 
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and increased organic loading, which reduce dilution capacity. Similar seasonal patterns 

have been reported by Nagaraju et al. (2023). The average ammonia concentrations for 

different water sample categories during the summer and pre-monsoon seasons are 

presented in Figure 2. 
 

 
Figure 2. Average ammonia values of different water sample category (season-wise grouping). 

 

Nitrite. Nitrite enters aquatic systems through anthropogenic activities such as industrial 

discharge, urban sewage, and aquaculture operations, and its presence is of concern due 

to its toxicity and interactions with other environmental stressors (Soares et al., 2020). 

Assessing nitrite concentrations along different stages of water use provides insight into 

potential sources and the extent of contamination. During the summer season, nitrite 

concentrations ranged from 0.030 to 0.031 mg L-1 in intake water, 0.054 to 0.068 mg L-1 

in discharge water, and 0.031 to 0.038 mg L-1 in discharge-receiving waters, with values 

marginally higher than those recorded at the control site (0.031 mg L-1). A gradual 

increase from intake to discharge waters, with intermediate concentrations in the 

receiving waters, was observed, reflecting typical patterns during routine farm 

operations. In the pre-monsoon season, nitrite concentrations in intake water (0.041-

0.048 mg L-1), discharge water (0.020-0.046 mg L-1), and discharge-receiving waters 

(0.029-0.046 mg L-1) were again slightly higher than the control site (0.033 mg L-1). 

Overall, the observed values indicate moderate nitrite levels consistent with regular 

farming activities and influenced by local environmental conditions. One-way ANOVA 

showed no significant differences in nitrite concentrations among intake, discharge, and 

discharge-receiving waters across both districts (p = 0.474). Similarly, when the control 

site was included, no significant differences were detected among the four water 

categories (F = 1.227; p = 0.343). Duncan’s post-hoc test placed all water types within a 

single homogeneous subset, confirming the absence of statistically significant variation. 

Independent t-test analysis revealed a significant seasonal difference in nitrite 

concentrations in discharge water of the Mayiladuthurai district (p = 0.003), indicating 

that seasonal factors such as variations in organic loading or temperature may influence 

nitrite accumulation in this zone. In contrast, no significant seasonal differences were 

observed in intake waters (p = 0.256) or discharge-receiving waters (p = 0.452), 

suggesting relatively stable nitrite levels in these components. In the Nagapattinam 

district, no significant seasonal differences were detected in discharge water (p = 0.690) 

or in intake and discharge-receiving waters in either district (p > 0.05), indicating overall 

seasonal stability. At present, no specific nitrite discharge standards have been 

prescribed by the TNPCB. Accordingly, the observed values were compared with 

thresholds reported in the literature. Although a few discharge water samples marginally 

exceeded the 0.06 mg L-1 nitrite threshold suggested for the protection of coastal aquatic 

ecosystems (Moore, 1991), nitrite concentrations in intake and discharge-receiving 

waters remained within acceptable limits, indicating limited nitrite accumulation. 
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Comparable observations were reported by Priyadarsani & Abraham (2016), who 

documented low nitrite concentrations in inlet and outlet waters of shrimp farms 

operating under controlled management practices. The average nitrite concentrations for 

different water sample categories during the summer and pre-monsoon seasons are 

presented in Figure 3. 

 

 
Figure 3. Average nitrite values of different water sample category (season-wise grouping). 

 

Nitrate. Nitrate is an important pollutant due to its high solubility in water and its 

potential to cause eutrophication, posing risks to aquatic ecosystems and human health 

(Liu et al., 2022). Monitoring nitrate concentrations at different stages of water use 

provides insight into its accumulation and possible environmental impacts. During the 

summer season, nitrate concentrations ranged from 0.040 to 0.054 mg L-1 in intake 

water, 0.082 to 0.114 mg L-1 in discharge water, and 0.042 to 0.044 mg L-1 in discharge-

receiving waters, with values marginally higher than those recorded at the control site 

(0.051 mg L-1). A moderate increase from intake to discharge waters was observed, while 

nitrate concentrations in discharge-receiving waters were comparatively lower. In the 

pre-monsoon season, nitrate concentrations in intake water (0.049-0.054 mg L-1), 

discharge water (0.033-0.061 mg L-1), and discharge-receiving waters (0.050-0.066 mg 

L-1) were slightly lower than those at the control site (0.074 mg L-1). Across both 

seasons, all observed nitrate concentrations remained well within the discharge standards 

prescribed by the CAA.  

One-way ANOVA indicated no significant differences in nitrate concentrations 

among intake, discharge, and discharge-receiving waters across both districts (p = 

0.269), suggesting relatively uniform nitrate levels among these water types. Similarly, 

when the control site was included, nitrate concentrations did not differ significantly 

among the four water categories (control, intake, discharge, and discharge-receiving) (F 

= 1.263; p = 0.331). Duncan’s post-hoc test placed all water types within a single 

homogeneous subset, confirming the absence of statistically significant variation. 

Independent t-test analysis revealed a significant seasonal difference in nitrate 

concentrations in discharge water (p = 0.001) and intake water (p = 0.005) of the 

Mayiladuthurai district, indicating a seasonal influence on nitrate levels. However, no 

significant seasonal variation was observed in discharge-receiving waters (p = 0.746). In 

contrast, the Nagapattinam district showed no significant seasonal changes in nitrate 

concentrations in discharge (p = 0.208), intake (p = 0.112), or discharge-receiving 

waters (p = 0.122), indicating relatively stable nitrate dynamics across seasons. Overall, 

seasonal comparisons indicated that nitrate concentrations were slightly higher during 

the pre-monsoon season across intake, discharge, and discharge-receiving waters in both 

districts. The average nitrate concentrations for different water sample categories during 

the summer and pre-monsoon seasons are presented in Figure 4. 
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Figure 4. Average nitrate values of different water sample category (season-wise grouping). 

 

COD. COD represents the concentration of oxidizable organic matter in water and is a 

key indicator of organic contamination. COD is closely associated with nutrient cycling 

and the presence of other environmental contaminants, making it a useful parameter for 

assessing organic enrichment in water bodies receiving shrimp farm discharge water (Lv 

et al., 2024). During the summer season, COD concentrations ranged from 63.67 to 

69.70 mg L-1 in intake water, 64.42 to 66.89 mg L-1 in discharge water, and 61.83 to 

65.57 mg L-1 in discharge-receiving waters, all of which were higher than the control site 

value (31 mg L-1). A slight increase from intake to discharge waters was observed; 

however, values remained within prescribed discharge limits. In the pre-monsoon 

season, COD concentrations in intake water (62.26-67.20 mg L-1), discharge water 

(60.33-68.50 mg  L-1), and discharge-receiving waters (64.40-65.00 mg L-1) were also 

higher than those at the control site (45 mg L-1). Across both seasons, COD levels 

remained below the permissible limits prescribed by the TNPCB and were within or close 

to the stricter discharge standards of the CAA, indicating controlled organic loading 

associated with shrimp farming operations.  

One-way ANOVA showed no significant differences in COD concentrations among 

intake, discharge, and discharge-receiving waters across both districts (p = 0.810), 

indicating comparable COD levels across these stages of water use. In contrast, COD 

concentrations differed significantly when control, intake, discharge, and discharge-

receiving waters were analysed together (F = 32.174; p < 0.001). Duncan’s post-hoc 

test placed the control water (mean COD = 38.00 mg L-1) in a distinct subset, separate 

from intake, discharge, and discharge-receiving waters (mean COD ≈ 64-66 mg L-1), 

indicating localized organic enrichment associated with shrimp farming, while remaining 

within prescribed environmental limits. Independent t-test analysis indicated no 

significant seasonal differences in COD concentrations across discharge water 

(Mayiladuthurai: p = 0.063; Nagapattinam: p = 0.360), discharge-receiving waters (p = 

0.824; p = 0.122), and intake water (p = 0.769; p = 0.661) in either district. Overall, 

the results suggest a stable COD profile across both spatial and seasonal scales, 

reflecting consistent management practices and uniform discharge characteristics. 

Although statistically non-significant, COD concentrations were marginally higher during 

the pre-monsoon season compared to the summer season. The average COD values for 

different water sample categories during the summer and pre-monsoon seasons are 

presented in Figure 5. 
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Figure 5. Average COD values of different water sample category (season-wise grouping). 

 

Plankton analysis. Aquaculture wastewater often contains elevated nutrient loads that 

can alter the structure and functioning of adjacent aquatic ecosystems, particularly in the 

absence of sustainable management practices (Campos et al., 2021). Such nutrient 

enrichment may disrupt ecosystem balance by modifying phytoplankton community 

composition, while associated pollutants can disperse into surrounding water bodies. In 

addition, inputs from sewage and other anthropogenic sources can further elevate 

nutrient levels, potentially triggering bottom-up processes that favour the dominance of 

harmful or opportunistic algal species (Mahmudi et al., 2021). Plankton communities 

respond rapidly to changes in water quality, making them valuable indicators of 

environmental conditions. The presence or absence of specific phytoplankton and 

zooplankton taxa has therefore been widely used to assess the ecological status and 

overall health of aquatic systems (Chandel et al., 2024). In the present study, 

phytoplankton and zooplankton communities were analysed in selected clusters of 

Nagapattinam and Mayiladuthurai districts to evaluate ecological responses associated 

with shrimp farming activities.  

 

Phytoplankton. Phytoplankton are a key component of aquatic ecosystems, and their 

abundance, species richness, and functional composition serve as important indicators of 

ecosystem health (Qu et al., 2022). Variations in phytoplankton assemblages often 

reflect changes in nutrient availability, pollution levels, and other environmental 

stressors, making them reliable indicators for water quality assessment. In the present 

study, diatoms were the dominant phytoplankton group across all sampling categories in 

both Mayiladuthurai and Nagapattinam districts. In Mayiladuthurai district, diatoms 

accounted for 37% at the control site, 35% in discharge-receiving waters, 37% in 

discharge waters, and 44% in pond waters. This group was followed by dinoflagellates 

(26-31%), blue-green algae (13-22%), and green algae (13-17%). The phytoplankton 

composition across different water samples in Mayiladuthurai district is presented in 

Figure 6. Similarly, in Nagapattinam district, diatoms remained dominant, with the 

highest proportion observed in discharge-receiving waters (46%), followed by pond 

waters (44%) and discharge waters (36%). Other phytoplankton groups included 

dinoflagellates (15-18%), green algae (18-21%), and blue-green algae (21-25%). The 

phytoplankton composition across different water samples in Nagapattinam district is 

shown in Figure 7. 
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Figure 6. Phytoplankton composition of different water samples groups in Mayiladuthurai District. 

 

 
Figure 7. Phytoplankton composition of different water samples groups in Nagapattinam District. 

 

Notably, blue-green algae (Cyanophyta) were more abundant in shrimp farm discharge 

waters than at the control site, suggesting localized nutrient enrichment associated with 

farm discharge water. Despite this increase, the consistent dominance of diatoms across 

all sampling locations indicates a relatively stable phytoplankton community structure, 

which is important for maintaining ecological balance. These observations are consistent 

with the findings of Campos et al. (2021), who reported higher abundances of 

Cyanophyta in shrimp ponds, positively correlated with orthophosphate concentrations, 

while adjacent estuarine waters characterised by lower nutrient levels and phytoplankton 

densities showed minimal influence from shrimp farm discharges. Collectively, these 

results suggest that although nutrient enrichment may favour certain phytoplankton 

groups within farm environments, the short-term ecological condition of adjacent 

estuarine waters remains largely unaffected, maintaining overall phytoplankton stability. 
 

Zooplankton. Zooplankton communities serve as effective bioindicators of ecosystem 

health and water quality, as their community structure reflects both natural 

environmental variability and anthropogenic influences such as nutrient enrichment and 

pollution (Qi et al., 2025). In the Mayiladuthurai district, zooplankton composition varied 

among sampling sites. At the control site, rotifers were dominant (35%), followed by 

cladocerans (22%), copepods (17%), nauplii (13%), ostracods (9%), and mysis larvae 

(4%). In discharge-receiving waters, copepods formed the dominant group (20%), 

followed by insect larvae and nauplii (15% each), mysis larvae (13%), and rotifers, 

tintinnids, and dragonfly larvae (10% each), with cladocerans (7%) also contributing to 

community diversity. In discharge waters, cladocerans were most abundant (19%), 

followed by nauplii and mysis larvae (15% each), insect larvae and rotifers (12% each), 

copepods (11%), and dragonfly larvae and tintinnids (8% each). In pond waters, insect 

larvae, nauplii, and copepods were dominant (19% each), followed by dragonfly larvae 
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and mysis larvae (11% each), and tintinnids, cladocerans, and rotifers (7% each). The 

zooplankton composition across different water samples in Mayiladuthurai district is 

presented in Figure 8.  
  

 
Figure 8. Zooplankton composition of different water samples category in Mayiladuthurai District. 

 

In the Nagapattinam district, zooplankton assemblages also showed spatial variation. In 

discharge-receiving waters, cladocerans were dominant (20%), followed by insect larvae 

(18%), copepods (17%), tintinnids (15%), chaetognaths (12%), and rotifers and mysis 

larvae (9% each). In discharge waters, mysis larvae constituted the largest proportion 

(19%), followed by insect larvae and copepods (15% each), dragonfly larvae and rotifers 

(12% each), cladocerans (11%), and tintinnids and nauplii (8% each). In pond waters, 

nauplii were dominant (23%), followed by copepods (18%), rotifers and zoea larvae 

(14% each), cladocerans (13%), and decapod and mysis larvae (9% each). The 

zooplankton composition across different water samples in Nagapattinam district is 

shown in Figure 9. 
 

 
Figure 9. Zooplankton composition of different water samples category in Nagapattinam District. 

 

Although copepods are widely regarded as indicators of good water quality, their reduced 

abundance at certain sites in the present study may reflect the influence of 

environmental stressors such as nutrient enrichment, pollution, and increased organic 

matter. This observation is consistent with the findings of Santos et al. (2021), who 

reported the continued dominance of copepods and rotifers across different aquatic 

environments and observed that shrimp farming discharge water did not produce 

significant short-term alterations in zooplankton community structure in a Neotropical 
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estuary. Taken together, these results suggest that variations in zooplankton 

assemblages are likely influenced more by broader environmental inputs and background 

pollution sources than by shrimp farm discharges alone. 

 

Conclusions. The concentrations of ammonia, nitrite, and nitrate in shrimp farm 

discharge waters remained consistently within the regulatory limits prescribed by the CAA 

and the TNPCB, indicating a low risk of nutrient-driven impacts, including harmful algal 

blooms, in adjacent water bodies. Similarly, COD values were within acceptable limits, 

suggesting no significant potential for oxygen depletion in receiving environments. 

Phytoplankton analysis demonstrated a consistent dominance of diatoms across all 

shrimp farm discharge sites, reflecting stable ecological conditions. Although blue-green 

algae were present in higher proportions in discharge waters compared to control sites, 

their occurrence did not alter the overall phytoplankton community structure. Variations 

and reduced abundance of copepods at certain locations appeared to be influenced by 

multiple environmental factors, including inputs from domestic sewage and industrial 

activities unrelated to shrimp farming. One-way ANOVA revealed no significant 

differences in ammonia, nitrite, nitrate, and COD concentrations among intake, 

discharge, and discharge-receiving waters in both Mayiladuthurai and Nagapattinam 

districts (p > 0.05), indicating overall homogeneity in water quality across different 

stages of water use. 

When the control site was included in the analysis, one-way ANOVA indicated no 

significant differences in nitrite and nitrate concentrations among the four water 

categories (p > 0.05), with Duncan’s post-hoc test grouping all categories within the 

same homogeneous subset, indicating stable nutrient conditions across farming and non-

farming areas. In the case of ammonia, ANOVA did not reach conventional levels of 

statistical significance (p = 0.085), whereas COD concentrations were significantly higher 

in intake, discharge, and discharge-receiving waters compared to the control site (p < 

0.001), reflecting localized organic enrichment associated with shrimp farming activities 

and other anthropogenic inputs. Independent t-test analysis revealed significant seasonal 

variations in nitrite, nitrate, and ammonia concentrations in the Mayiladuthurai district, 

particularly in intake and discharge waters (p < 0.05), suggesting the influence of 

seasonal factors on water quality. In contrast, no significant seasonal differences were 

observed in the Nagapattinam district (p > 0.05), indicating relatively stable conditions 

across seasons. Taken together, the chemical, biological, and statistical evidence 

indicates that shrimp farming practices in the study area operate within permissible 

environmental limits. Nevertheless, the observed seasonal patterns underline the 

importance of continued water quality monitoring and adaptive management to support 

the long-term health of coastal aquatic ecosystems. 

 

Acknowledgements. The authors acknowledge the Vice Chancellor, TNJFU and Dean, Dr. 

M.G.R. Fisheries College and Research Institute, Ponneri, for extending necessary 

administrative support in carrying out the research. The authors also acknowledge the 

cooperation of office bearers and members of the All India Shrimp Hatchery Association 

(AISHATN), the Tamil Nadu Coastal Aquafarmers Federation (TANCAFF), and the Seafood 

Exporters Association of India (SEAI-TN) in facilitating the field data collection required for the 

research. 

 

Authors contributions. LCC was the lead author and made the primary contribution to this 

work. AS and ADAS contributed to conceptualization and methodology development. SS and 

DR provided supervision and technical guidance. MR and OP were responsible for field 

investigation, data collection, statistical analysis, and data validation. IP and SN contributed to 

resource management, visualization, manuscript editing, and documentation. SB assisted with 

the literature review and manuscript preparation. 

 

Conflicts of interest. The authors declare that there is no conflict of interest. 

 

Data availability. The data supporting the findings of this study are available from the 

corresponding author upon reasonable request. 



 
AACL Bioflux, 2026, Volume 19, Issue 5. 

bioflux.com.ro/aacl 2273 

Funding. This research was financially supported by the Tamil Nadu Dr. J. Jayalalithaa 

Fisheries University (TNJFU) through the Research Corpus Fund (RCF).  

 

References 

 
Angela, S. A. D., & Sharma, A. (2023). Analysis of socioeconomics and occupational 

dimensions of shrimp farmers of Tamil Nadu. Aquaculture Research, 2023, 2457208. 
https://doi.org/10.1155/2023/2457208 

APHA (2017). Standard methods for the examination of water and wastewater. 23rd edition. 

American Public Health Association, Washington DC, 1545 pp. 

Bull, E. G., Cunha, C. D. L. D. N., & Scudelari, A. C. (2021). Water quality impact from shrimp 

farming discharges in a tropical estuary. Water Science and Technology, 83(1), 123-

136. https://doi.org/10.2166/wst.2020.559 

Campos, C. V. F. D. S., Prado, M. C. A. S., Escobar, I. E. C., Santos, G. P. D. C., Brito, L. O., 

& Galvez, A. O. (2021). Influence of shrimp farming activities on the phytoplankton 

community of a nearby estuary in Northeastern Brazil. Aquaculture Research, 52(12), 

6009-6024. https://doi.org/10.1111/are.15462 

Cardoso-Mohedano, J. G., Bernardello, R., Sanchez-Cabeza, J. A., Páez-Osuna, F., Ruiz-

Fernández, A. C., Molino-Minero-Re, E., & Cruzado, A. (2016). Reducing nutrient 

impacts from shrimp discharges in a subtropical coastal lagoon. Science of the Total 

Environment, 571, 388-397. https://doi.org/10.1016/j.scitotenv.2016.06.140 

Cargnin, J. M. R., & João, J. J. (2024). Biological denitrification and physico-chemical 

treatment for removing contaminants and toxicity in wastewater generated by shrimp 

farming. International Journal of Environmental Science and Technology, 21(8), 6287-

6296. https://doi.org/10.1007/s13762-023-05424-4 

Chandel, P., Mahajan, D., Thakur, K., Kumar, R., Kumar, S., Brar, B., Sharma, D., & Sharma, 

A. K. (2024). Plankton as a bioindicator: a promising tool for monitoring water quality. 

World Water Policy, 10(1), 213-232. https://doi.org/10.1002/wwp2.12137 

Coastal Aquaculture Authority (CAA) (2025). Licensed shrimp farms in Tamil Nadu. Coastal 

Aquaculture Authority, Chennai, India. Available at: https://caa.gov.in/. Accessed: May, 

2025. 

Gonsch, B. (2021). Treatment of ammonia and nitrite in aquaculture effluent. Hydrology: 

Current Research, 12, 358. 

Liu, Y., Zhang, X., & Wang, J. (2022). A critical review of various adsorbents for selective 

removal of nitrate from water: structure, performance and mechanism. Chemosphere, 

291(1), 132728. https://doi.org/10.1016/j.chemosphere.2021.132728 

Lv, Z., Ran, X., Liu, J., Feng, Y., Zhong, X., & Jiao, N. (2024). Effectiveness of chemical 

oxygen demand as an indicator of organic pollution in aquatic environments. Ocean-

Land-Atmosphere Research, 3, 0050. https://doi.org/10.34133/olar.0050 

Mahmudi, M., Musa, M., Arsad, S., Lusiana, E. D., Bunga, A., & Wati, N. A. (2021). Use of 

phytoplankton to assess water quality of eco-aquaculture systems in super-intensive 

whiteleg shrimp (Litopenaeus vannamei) ponds. Advances in Animal and Veterinary 

Sciences, 10(5), 971-979. http://dx.doi.org/10.17582/journal.aavs/2022/10.5.971.979 
Maity, A., Saha, B., Pandit, A., & Patra, P. (2021). Farming practices of Litopenaeus vannamei: 

an empirical study in West Bengal, India. Journal of the Inland Fisheries Society of 

India, 53(1-2), 101-108. https://doi.org/10.47780/jifsi.53.1-2.2021.115785 

Marine Products Export Development Authority (MPEDA) (2024). Annual report 2023-24. 

Ministry of Commerce and Industry, Government of India, Kochi, 389 pp. 

Moore, J. W. (1991). Inorganic contaminants of surface water: research and monitoring 

priorities. Springer, New York, 334 pp. 

Mustafa, S. A., Al-Rudainy, A. J., & Salman, N. M. (2024). Effect of environmental pollutants 

on fish health: an overview. Egyptian Journal of Aquatic Research, 50(2), 225-233. 
https://doi.org/10.1016/j.ejar.2024.02.006 

Nagaraju, T. V., Sunil, B. M., Chaudhary, B., Prasad, C. D., & Gobinath, R. (2023). Prediction 

of ammonia contaminants in the aquaculture ponds using soft computing coupled with 

wavelet analysis. Environmental Pollution, 331(2), 121924. 
https://doi.org/10.1016/j.envpol.2023.121924 

Pratheepa, C. M., Raj, R., & Sinha, S. (2023). The socio-ecological contradictions of land 

degradation and coastal agriculture in south India. Environment and Planning E: Nature 

and Space, 6(1), 391-411. https://doi.org/10.1177/25148486221079720 

https://caa.gov.in/


 
AACL Bioflux, 2026, Volume 19, Issue 5. 

bioflux.com.ro/aacl 2274 

Priyadarsani, L., & Abraham, T. J. (2016). Water and sediment quality characteristics of a 

medium saline traditional shrimp culture system (bheri). Journal of Fisheries, 4(1), 309-

318. https://doi.org/10.17017/j.fish.81 

Qi, J., Wang, Y., Yuan, J., Liao, C., Liu, J., & Guo, C. (2025). Variations of zooplankton 

community as bioindicators of eutrophication and water quality in shallow Yangtze lakes. 

Limnologica, 112, 126248. https://doi.org/10.1016/j.limno.2025.126248 

Qu, Y., Wu, N., Guse, B., & Fohrer, N. (2022). Distinct indicators of land use and 

hydrology characterize different aspects of riverine phytoplankton communities. 

Science of the Total Environment, 851(2), 158209. 
https://doi.org/10.1016/j.scitotenv.2022.158209 

Santos, Í. G. S., Santos, G. P. C., Oliveira, C. Y. B., Campos, C. V. F. S., Brito, L. O., & 

Gálvez, A. O. (2021). Can shrimp farming wastewater negatively affect water quality 

and zooplankton community structure of a Neotropical estuary? A case study during a 

productive cycle of Litopenaeus vannamei. International Aquatic Research, 13, 209-217. 
DOI: 10.22034/iar.2021.1935831.1172 

Soares, M. P., Jesus, F., Almeida, A. R., Domingues, I., Hayd, L., & Soares, A. M. V. M. 

(2020). Effects of pH and nitrites on the toxicity of a cypermetrin-based pesticide to 

shrimps. Chemosphere, 241, 125089. 
https://doi.org/10.1016/j.chemosphere.2019.125089 

Tamil Nadu Pollution Control Board (TNPCB) (2024). Water pollution control: standards for 

discharge of effluents. TNPCB, Chennai. Available at: https://tnpcb.gov.in/water.php. 

Accessed: May, 2025. 

Xu, Z., Cao, J., Qin, X., Qiu, W., Mei, J., & Xie, J. (2021). Toxic effects on bioaccumulation, 

hematological parameters, oxidative stress, immune responses and tissue structure in 

fish exposed to ammonia nitrogen: a review. Animals, 11(11), 3304. 
https://doi.org/10.3390/ani11113304 

 
 
Received: 20 March 2026. Accepted: 22 April 2026. Published online: 29 September 2026. 
Authors: 
Lloyd Chrispin Christy (LCC), Department of Fisheries Extension, Economics and Statistics, Dr. M.G.R. Fisheries 

College and Research Institute, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, Tamil 
Nadu, India, e-mail: lloyd@tnfu.ac.in  
Aruna Satyapriyan (AS), Department of Aquatic Environment Management, Dr. M.G.R. Fisheries College and 
Research Institute, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, Tamil Nadu, India,  
e-mail: aruna@tnfu.ac.in  
Selvaraj Sethu (SS), Department of Aquaculture, Dr. M.G.R. Fisheries College and Research Institute, Tamil 
Nadu Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, Tamil Nadu, India, e-mail: selvaraj@tnfu.ac.in  
Ilangamani Paramasivan (IP), Department of Fisheries Extension, Economics and Statistics, Dr. M.G.R. Fisheries 
College and Research Institute, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, Tamil 
Nadu, India, e-mail: ilangamani05@gmail.com   
Dinesh Rajan (DR), Department of Aquaculture, Dr. M.G.R. Fisheries College and Research Institute, Tamil Nadu 
Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, Tamil Nadu, India, e-mail: dinesh@tnfu.ac.in  
Agnes Daney Angela Sam (ADAS), Department of Fisheries Extension, Economics and Statistics, Dr. M.G.R. 
Fisheries College and Research Institute, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, 
Tamil Nadu, India, e-mail: angela@tnfu.ac.in  
Manimaran Rasappan (MR), Department of Fisheries Extension, Economics and Statistics, Dr. M.G.R. Fisheries 
College and Research Institute, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, Tamil 
Nadu, India, e-mail: manimaranr1833@gmail.com  
Shweta Biswas (SB), Department of Fisheries Extension, Economics and Statistics, Dr. M.G.R. Fisheries College 
and Research Institute, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, Tamil Nadu, 
India, e-mail: shwetabiswas11@gmail.com   
Omprakash Pandian (OP), Department of Fisheries Extension, Economics and Statistics, Dr. M.G.R. Fisheries 
College and Research Institute, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, Tamil 
Nadu, India, e-mail: omprakashfrz@gmail.com  
Sarabes Nagendramani (SN), Department of Fisheries Extension, Economics and Statistics, Dr. M.G.R. Fisheries 
College and Research Institute, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Ponneri – 601 204, Tamil 
Nadu, India, e-mail: sarabes461@gmail.com 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article:  
Christy, L. C., Satyapriyan, A., Sethu, S., Paramasivan, I., Rajan, D., Sam, A. D. A., Rasappan, M., Biswas, S., 
Pandian, O., & Nagendramani, S. (2026). Environmental assessment of shrimp farming in coastal Tamil Nadu of 
India: a case study of Nagapattinam and Mayiladuthurai districts. Aquaculture, Aquarium, Conservation & 
Legislation, 19(5), 2262-2274. 

https://tnpcb.gov.in/water.php
mailto:lloyd@tnfu.ac.in
mailto:aruna@tnfu.ac.in
mailto:selvaraj@tnfu.ac.in
mailto:ilangamani05@gmail.com
mailto:dinesh@tnfu.ac.in
mailto:angela@tnfu.ac.in
mailto:manimaranr1833@gmail.com
mailto:shwetabiswas11@gmail.com
mailto:omprakashfrz@gmail.com
mailto:sarabes461@gmail.com

