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Abstract: 

This study aimed to assess the seasonal variation and bioaccumulation of heavy metals in 

different tissues of the marine fish Lates calcarifer, collected from two selected stations in 

the coastal region. The analysis was conducted during the pre-monsoon, monsoon, and post-

monsoon seasons to evaluate the distribution of heavy metals in the gills, muscle, skin, and 

intestine tissues. The heavy metals analyzed included chromium (Cr), copper (Cu), 

manganese (Mn), lead (Pb), zinc (Zn), and cadmium (Cd), using standard analytical methods. 

The results indicated significant seasonal and tissue-specific variations in heavy metal 

concentrations. Among all the analyzed metals, chromium (Cr) consistently displayed the 

highest concentration across all tissues during the three seasons at both sampling stations. In 

the pre-monsoon season, the intestine showed the highest accumulation of chromium, with 

concentrations of 7.9μg/g at Station1 and 8.9μg/g at Station 2, followed by copper, 

manganese, and lead. During the monsoon season, the intestine again exhibited the highest 

metal accumulation, with chromium reaching 9.55μg/g, followed by copper at 9.0 μg/g and 

manganese at 6.5μg/g. Post-monsoon observations also indicated elevated chromium 

concentrations in the intestine, with values of 8.155μg/g at Station1 and 9.15μg/g at Station 2. 

Copper, lead, and manganese were recorded as the next predominant metals in all tissues. 

Among the examined tissues, the intestine demonstrated the highest bioaccumulation of 

heavy metals throughout the study period, highlighting its significant role in metal absorption 

and metabolism. The skin tissue consistently exhibited manganese as the third most 

accumulated metal during all seasons at both stations. In contrast, zinc (Zn) and cadmium 

(Cd) showed the lowest concentrations across all analyzed tissues. This study underscores the 

influence of seasonal variations on heavy metal accumulation in fish tissues and emphasizes 

the importance of continuous monitoring of coastal aquatic ecosystems to assess 

environmental pollution and potential risks to human health. 

Keywords: Heavy metals, bioaccumulation, Lates calcarifer, Tissues. 

Introduction 

Heavy metal pollution in marine ecosystems has become a significant global issue in 

recent years. Toxic heavy metals enter aquatic environments through various means, 

including atmospheric deposition, geological weathering, and the release of industrial waste. 

Due to their toxic nature, persistence, and ability to bio-accumulate in marine organisms, 

public concern about the distribution and effects of heavy metal contamination in vulnerable 
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coastal areas has notably increased (Martorell et al., 2009). Aquatic ecosystems serve as 

major repositories for a wide range of pollutants, including agricultural pesticides and heavy 

metals released from human activities such as industrial processing, mining, and waste 

disposal. While trace amounts of heavy metals are naturally present in water and sediments, 

excessive accumulation caused by human activities can harm aquatic organisms, disrupt 

ecosystem stability, and pose risks to human health through bio-magnification within the 

food chain. 

However, human activities have significantly increased the natural concentration of 

heavy metals from parts per billion (ppb) to levels close to 10 parts per million (ppm) (Kelkar 

et al., 2001). The occurrence and toxicity of trace elements and heavy metals in aquatic 

environments, including fish, have been extensively researched and documented (Zhuang and 

Gao, 2014). In aquatic ecosystems, heavy metals are introduced through natural processes 

such as the weathering of rocks and soils, volcanic eruptions, and through human activities, 

including mining operations and the use of metal-containing compounds. Currently, the 

contamination of water bodies due to industrial effluents and domestic sewage has increased 

significantly (Kumar et al., 2004). Most researchers have found that heavy metals in water 

and sediments predominantly exist in physicochemical forms. The presence of both inorganic 

and organic heavy metal pollutants is of particular concern due to their non-biodegradable 

nature and persistence in the environment. These metals tend to accumulate in lower trophic 

organisms and subsequently magnify through the food chain, leading to elevated 

concentrations in higher organisms. This phenomenon has been widely discussed by Lu 

(2015) and Chao et al. (2017). According to Manju Mahurpawar (2015), the adverse effects 

of heavy metal contamination are not limited to aquatic organisms but also extend to humans. 

One major concern is the high stability of heavy metals, which makes their removal through 

oxidation or precipitation processes difficult. As a result, even at low concentrations, heavy 

metals can persist in aquatic environments for long periods and accumulate in aquatic 

organisms through the process of bioaccumulation. 

Fish is an important dietary resource for humans and plays a crucial role in various 

ecological food chains. It is a significant source of fats, fat-soluble vitamins, and high-quality 

protein that positively impacts human health more than the protein found in meat and poultry. 

The composition of fish includes protein ranging from 15% to 24%, carbohydrates between 

1% and 3%, lipids from 0.1% to 22%, inorganic compounds making up 0.8% to 2%, and 

water content ranging from 66% to 84%. 

Monitoring heavy metal pollution is an important area of research in Andhra Pradesh, 

India. This is due to the fact that heavy metal concentrations in aquatic ecosystems directly 

affect the fish industry, which is a vital source of livelihood for many people (Ochieng et al., 

2008). According to Allinson et al. (2009), fish absorb metals through various mechanisms, 

including the ingestion of suspended particulate matter in water, the consumption of 

contaminated food, the exchange of dissolved metals across lipophilic membranes (such as 

the gills), and the adsorption of metals onto tissue and membrane surfaces. 
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Figure1. Selected fish Lates calcarifer for the heavy metal analysis 

Material and Methods  

Study Area  

Two stations were selected in the Bapatla: Station I (Nizampatnam Fish Harbor; 

Latitude 15°54′N, Longitude 80°40′E) and Station II (Kothapalem; Latitude 10.8851°N, 

Longitude 78.5791°E). Station I is located in the Bapatla district of the Indian state of Andhra 

Pradesh. The Bapatla district is characterized by industrial activities, including cement and 

dye manufacturing industries. Station II is situated approximately 16 km away from Station I. 

Sample Collection 

The study was carried out over a period of 12 months, from June 2022 to July 2023. 

Monthly water samples were collected throughout the study period, covering three different 

seasons. Water samples were collected from harbour areas at a depth of 1–1.5 m. The 

samples were collected in clean, dried plastic cans with a capacity of 2 litres and transported 

immediately to the laboratory for analysis. Sampling was conducted during the morning 

hours between 7:00 a.m. and 9:30 a.m. Monthly sampling was performed continuously 

throughout the study period from June 2022 to July 2023. 

Seasonal variation and accumulation of heavy metals in water and in selected fish 

organs 

    The study was carried out for the seasonal variation; in which accumulation of heavy 

metals in water in selected fish organs, determination of heavy metals in water determination 

of heavy metals in soil and Risk assessment of heavy metal contamination in stations 1 and 2 

for the study.  

Results and Discussion 

      Metal concentrations exhibit seasonal variations, with elevated levels frequently recorded 

in summer (Murugaiyan, 2020). According to FAO/WHO recommendations, metal 

concentrations were generally within safe limits for human consumption, even though they 

frequently surpassed natural background levels (Krishna Pv et al., 2021).  During the pre-
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monsoon season, data collected from Stations 1 and 2 revealed variations in heavy metal 

concentrations in different tissues of the aquatic species Lates calcarifer. Among all the 

analysed metals, chromium (Cr) had the highest concentration in all tissues compared to the 

others. At Station 1, the intestine showed the highest accumulation of chromium at 7.9 

mg/kg, followed by copper (Cu) at 7.6 μg/g, manganese (Mn) at 5.6 μg/g, and lead (Pb) at 5.4 

μg/g. Similarly, Station 2 recorded higher concentrations of chromium at8.9 μg/g, followed 

by copper at8.2 μg/g, manganese at6.5 μg/g, and lead at6.3 μg/g. The lowest concentrations 

of heavy metals, cadmium (Cd) and zinc (Zn) were observed in all tissues of the studied fish 

species (Fig. 2&3; Table. 1 to 8). Seasons and species affect the amount of heavy metals that 

accumulate in fish tissues, with summertime seeing the highest concentrations (Hussain et al., 

2021). Liver and kidney tissues typically exhibit higher metal accumulation compared to gills 

or muscle (Hussain et al., 2021). 

        During the monsoon season, the data collected indicated that chromium (Cr) had the 

highest concentration in samples from both Stations 1 and 2. This was followed by copper 

(Cu), lead (Pb), and manganese (Mn) in the gills, muscles, skin, and intestinal tissues. Among 

the various tissues analysed, the intestine showed the highest accumulation of heavy metals, 

with recorded concentrations of chromium at 9.55 μg/g, copper at 9.0 μg/g, and manganese 

at6.5 μg/g at both stations. In contrast, lower concentrations of cadmium (Cd) and zinc (Zn) 

were found in the gills, skin, and intestinal tissues. However, in muscle tissue, the 

concentrations of zinc were slightly higher than those of cadmium at both sampling stations 

(Fig. 4&5; Table 1&8). 

        During the post-monsoon season, analysis results from Stations 1 and 2 indicated that 

chromium (Cr) had the highest concentration in all examined tissues. Among the tissues 

analyzed, the intestine showed the maximum accumulation of chromium, with concentrations 

of 8.155μg/g at Station 1 and 9.15μg/g at Station 2. This was followed by copper (Cu), which 

had concentrations of 4.9 μg/g at Station 1 and 8.75 μg/g at Station 2, lead (Pb) with 5.6 μg/g 

at Station 1 and 7.1 μg/g at Station 2, and manganese (Mn) with 5.65 μg/g at Station 1 and 

5.6 μg/g at Station 2. In addition, skin tissue exhibited manganese as the third highest 

accumulated metal during all three seasons at both sampling stations. In contrast, zinc (Zn) 

and cadmium (Cd) showed the lowest concentrations across all tissues collected from the two 

selected stations (Fig. 6,7&8; Table 1&8). The sequence of metal abundance frequently 

differs among water, sediment, and fish tissues (M. Akila et al., 2022). According to Akila et 

al., (2022), the most common metals in fish samples from Pulicat Lake were Cu and Cr. 

Likewise, Zn and Pb were more common in Channa striata in the Krishna River (Krishna Pv 

et al., 2021). 

Conclusion: 

The present study demonstrated significant seasonal and tissue-specific variations in 

heavy metal accumulation in the aquatic species *Lates calcarifer*, collected from two 

selected stations. Among all the analyzed heavy metals, chromium (Cr) consistently exhibited 

the highest concentration across all tissues during the pre-monsoon, monsoon, and post-

monsoon seasons. The intestine showed the maximum accumulation of heavy metals 
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compared to the gills, muscle, and skin tissues, indicating its significant role in metal 

absorption, digestion, and metabolic activities. During all three seasons, chromium was 

followed by copper (Cu), lead (Pb), and manganese (Mn) as the predominant metals 

accumulated in fish tissues. The monsoon season recorded comparatively higher 

concentrations of heavy metals, suggesting the influence of runoff, industrial discharge, and 

anthropogenic inputs into the aquatic ecosystem. Skin tissue consistently showed manganese 

as one of the dominant accumulated metals throughout the study period. In contrast, zinc (Zn) 

and cadmium (Cd) were found at comparatively lower concentrations in all tissues at both 

sampling stations. This study highlights the bioaccumulation potential of heavy metals in 

commercially important fish species and indicates possible environmental contamination in 

the study area. The continuous accumulation of heavy metals in edible fish tissues may pose 

ecological and human health risks through the food chain. Therefore, regular monitoring of 

heavy metal pollution in aquatic ecosystems is essential for environmental protection, 

sustainable fisheries management, and safeguarding public health. 

             The study is particularly useful for identifying pollution trends in aquatic ecosystems 

affected by industrial discharge, agricultural runoff, and other anthropogenic activities. Since 

chromium (Cr), copper (Cu), lead (Pb), and manganese (Mn) showed higher accumulation in 

fish tissues, especially during the monsoon season, the results can assist environmental 

agencies in developing effective pollution control and coastal management strategies. The 

research is also highly beneficial for public health awareness because fish muscle is widely 

consumed by humans. Continuous monitoring of heavy metal accumulation in edible fish 

tissues can help determine food safety levels and reduce the risk of heavy metal exposure 

through the food chain. The study may further support government authorities in establishing 

environmental quality standards, fisheries regulations, and pollution mitigation policies. In 

addition, the findings can serve as a foundation for future multidisciplinary research 

involving environmental toxicology, aquatic biology, marine ecology, food safety, and 

climate-related pollution studies. Overall, the study contributes to sustainable fisheries 

management, conservation of aquatic biodiversity, and protection of human health in coastal 

regions. 
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Table: 1. Accumulation of heavy metals (μg/g) in gills of Lates calcarifer in station1 during 

study Period of June     2022-July2023 (Mean±S.E.). 

Seasons Heavy metal (μg/g) Pb Mn Zn Ni Cd Cr Cu 

 

 

Pre 

monsoon 

Mean 1.9 1.45 0.28

5 

1.4 0.24 3.05 2.7

5 

Std. Er 0.03 0.02 0.09 0.1

9 

0.25 0.27 0.1

9 

Range 0.14 0.04 0.03 0.0

3 

0.02 0.3 0.3 

Min 1.82 1.43 0.27 1.3

9 

0.23 2.9 2.6 

Max 1.98 1.47 0.30 1.4

1 

0.25 3.2 2.9 

 

 

Monsoon 

Mean 3.9 2.5 0.41 1.6

9 

0.46 5.15 4.5

5 

Std. Er 0.02 0.02 0.09 0.1

9 

0.27 0.27 0.0

2 

Range 0.5 0.2 0.07 0.1

3 

0.04 0.6 0.6 

Min 3.7 2.4 0.38 1.6

2 

0.44 4.9 4.2 

Max 4.1 2.6 0.45 1.7

5 

0.48 5.4 4.9 

 

 

Post 

monsoon 

Mean 3.6 1.86 0.32

5 

1.4

4 

0.36 3.65 3.4 

Std. Er 0.03 0.02 0.09 0.1

8 

0.23 0.27 0.2

0 

Range 0.4 0.06 0.09 0.0

7 

0.3 0.5 0.2 

Min 3.4 1.83 0.30 1.4

1 

0.23 3.4 3.3 

Max 3.8 1.89 0.35 1.4

8 

0.26 3.9 3.5 

One-way 

ANOVA 

F-value 1.1 1.3 1.06 0.4

2 

0.25 0.1 0.3 

P-value 0.00

* 

0.00* 0.32 0.6

6 

0.86 0.1 0.8

0 

 

Figure: 2. Heavy metal analysis in gills of Lates calcarifer Station-1 (Nizampatnum Harbour) 
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Table: 2. Accumulation of heavy metals (μg/g) in gills of Lates calcarifer in station 2 during 

study period of June2022-July2023. (Mean±S.E.). 

Seasons Heavy metal (μg/g) Pb Mn Zn Ni Cd Cr Cu 

 

Pre monsoon 

Mean 2.09 1.51 0.355 1.5 0.2

8 

3.6 3.1 

Std. Er 0.02 0.02 0.09 0.1

9 

0.2

5 

0.27 0.1

9 

Range 0.1 0.07 0.07 0.0

3 

0.0

5 

0.2 0.5 

Min 1.96 1.49 0.32 1.4

9 

0.2

6 

3.5 2.9 

Max 2.23 1.53 0.39 1.5

1 

0.3

1 

3.7 3.3 

 

Monsoon 

Mean 4.2 2.9 0.565 1.8

9 

0.6

2 

6 4.8

5 

Std. Er 0.02 0.02 0.09 0.1

9 

0.2

7 

0.27 0.1

2 

Range 0.6 0.3 0.11 0.3

3 

0.5 0.6 0.5 

Min 3.9 2.7 0.51 1.8

3 

0.5

9 

5.6 4.6 

Max 4.5 3.1 0.62 1.9

5 

0.6

5 

6.4 5.1 

 

Post monsoon 

Mean 3.7 2.39 0.51 1.5

7 

0.3

1 

5.1 3.5

5 

Std. Er 0.03 0.02 0.09 0.1

8 

0.2

3 

0.27 0.2

0 

Range 0.4 0.06 0.07 0.0

7 

0.1 0.3 0.3 

Min 3.5 2.36 0.48 1.5

3 

0.2

8 

4.9 3.4 

Max 3.9 2.42 0.55 1.6

1 

0.3

4 

5.3 3.7 

One-way 

ANOVA 

F-value 1.0 1.1 1.0 0.2

2 

0.2

5 

0.1 0.1 

p-value 0.00* 0.00* 0.32 0.0

0 

0.8

6 

0.94 0.0

0 

 

Figure: 3. Heavy Metal Analysis in Gills of Lates calcarifer Station-2 (Kothapalem Beach) 
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Table: 3. Accumulation of heavy metals (μg/g) in skin of Lates calcarifer in station1 during 

study Period of June2022-July2023. (Mean±S.E.) 

Seasons Heavy metal (μg/g) Pb Mn Zn Ni Cd Cr Cu 

 

 

Pre monsoon 

Mean 2.05 3.6 0.34 1.30 0.4 4.4 4.35 

Std. Er 0.01 0.02 0.09 0.01 0.25 0.27 0.19 

Range 0.19 0.4 0.3 0.03 0.02 0.2 0.3 

Min 1.96 3.4 0.33 1.41 0.39 4.3 4.2 

Max 2.15 3.8 0.35 1.44 0.41 4.5 4.5 

 

 

Monsoon 

Mean 4.1 5.15 0.58 1.80 0.77 6.95 6.4 

Std. Er 0.02 0.02 0.09 0.19 0.27 0.27 0.19 

Range 0.6 0.4 0.07 0.33 0.03 0.3 0.2 

Min 3.8 4.9 0.55 1.68 0.65 6.8 6.3 

Max 4.4 5.4 0.62 1.91 0.89 7.1 6.5 

 

 

Post monsoon 

Mean 3.35 3.95 0.465 1.48 0.58 5.3 5.1 

Std. Er 0.03 0.02 0.09 0.18 0.23 0.2 0.20 

Range 0.3 0.2 0.04 0.7 0.3 0.2 0.2 

Min 3.2 3.7 0.44 1.45 0.57 5.2 4.9 

Max 3.5 4.2 0.49 1.52 0.60 5.4 5.3 

One-way ANOVA F-value 1.1 1.3 1.0 0.34 0.1 0.10 0.11 

p-value 0.00* 0.00* 0.32 0.66 0.6 0.94 0.80 

 

Figure: 4. Heavy metal analysis in skin of Lates calcarifer Station-1 (Nizampatnum Harbour) 

Table: 4. Accumulation of heavy metals (μg/g) in skin of Lates calcarifer in station2 during 

study Period of June2022-July2023. (Mean±S.E.). 

Seasons Heavy metal (μg/g) Pb Mn Zn Ni Cd Cr Cu 

 

 

Pre monsoon 

Mean 2.6 4.65 0.40 1.47 0.51 4.9 4.65 

Std. Er 0.01 0.02 0.09 0.01 0.25 0.27 0.19 

Range 0.24 0.3 0.05 0.03 0.02 0.2 0.3 

Min 2.25 4.5 0.37 1.45 0.49 4.8 4.5 

Max 2.94 4.8 0.42 1.49 0.53 5.0 4.8 

 

 

Monsoon 

Mean 5.65 7.15 0.69 2.18 0.87 7.35 6.2 

Std. Er 0.02 0.02 0.09 0.19 0.27 0.27 0.19 

Range 0.6 0.4 0.05 0.33 0.06 0.3 0.2 

Min 5.2 6.9 0.65 1.98 0.79 7.2 6.1 

Max 6.1 7.4 0.73 2.37 0.95 7.5 6.3 

 Mean 4.8 5.55 0.53 1.7 0.62 5.7 5.5 
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Post monsoon 

Std. Er 0.03 0.02 0.09 0.18 0.23 0.2 0.20 

Range 0.5 0.2 0.04 0.7 0.3 0.2 0.3 

Min 4.5 5.3 0.50 1.65 0.60 5.6 5.4 

Max 5.1 5.8 0.55 1.75 0.63 5.8 5.7 

One-way ANOVA F-value 1.27 1.5 1.02 0.44 0.1 0.11 0.22 

P-value 0.00* 0.00* 0.32 0.66 0.6 0.94 0.80 

 

Figure: 5. Heavy metal analysis in skin of Lates calcarifer Station-2 (Kothapalem Beach) 

Table: 5. Accumulation of heavy metals (μg/g) in muscle of Lates calcarifer in station1 

during study Period of June2022-July2023 (Mean±S.E.) 

Seasons Heavy metal (μg/g) Pb Mn Zn Ni Cd Cr Cu 

 

 

 

Pre 

monsoon 

Mean 3.6 2.75 0.4 1.47 0.27 5.5 4.7 

Std. Er 0.01 0.02 0.01 0.11 0.2 0.27 0.11 

Range 0.6 0.3 0.06 0.04 0.02 0.6 0.2 

Min 3.3 2.6 0.37 1.45 0.26 5.2 4.6 

Max 3.9 2.9 0.43 1.49 0.28 5.8 4.8 

 

 

 

Monsoon 

Mean 4.8 3.9 0.64 2.085 0.41 7.35 6.9 

Std. Er 0.02 0.02 0.02 0.10 0.2 0.27 0.19 

Range 0.2 0.4 0.05 0.27 0.04 0.3 0.2 

Min 4.7 3.7 0.61 1.95 0.38 7.2 6.8 

Max 4.9 4.1 0.66 2.22 0.44 7.5 7.0 

 

 

 

Post 

monsoon 

Mean 3.95 2.76 0.5 1.75 0.34 5.7 5.5 

Std. Er 0.01 0.01 0.02 0.11 0.11 0.11 0.10 

Range 0.3 0.22 0.04 0.07 0.04 0.2 0.2 

Min 3.9 2.7 0.48 1.71 0.32 5.6 5.4 

Max 4.4 2.82 0.52 1.78 0.36 5.8 5.6 

One-way 

ANOVA 

F-value 1.27 1.13 1.0 0.44 0.25 0.13 0.33 

p-value 0.00* 0.00* 0.32 0.66 0.86 0.94 0.80 
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Figure: 6. Heavy metal analysis in muscle of Lates calcarifer Station-1 (Nizampatnum) 

Harbour 

Table: 6. Accumulation of heavy metals (μg/g) in muscle of Lates calcarifer in station2 

during study Period of June2022-July2023 (Mean±S.E.). 

Seasons Heavy metal (μg/g) Pb Mn Zn Ni Cd Cr Cu 

 

 

 

 

Pre monsoon 

Mean 4.25 3.4 0.4 1.52 0.37 7 6 

Std. Er 0.01 0.02 0.01 0.11 0.2 0.2

7 

0.11 

Range 0.36 0.2 0.04 0.04 0.02 0.6 0.2 

Min 4.1 3.3 0.38 1.50 0.36 6.8 5.9 

Max 4.4 3.5 0.42 1.54 0.38 7.2 6.1 

 

 

Monsoon 

Mean 5.2 4.45 0.8 3.19 0.51 9.0

5 

8.6 

Std. Er 0.02 0.02 0.02 0.10 0.2 0.2

7 

0.19 

Range 0.2 0.4 0.05 0.13 0.04 0.7 0.4 

Min 5.1 4.3 0.77 3.13 0.48 8.7 8.4 

Max 5.3 4.6 0.82 3.25 0.54 9.4 8.8 

 

 

 

 

Post monsoon 

Mean 4.65 3.5 0.56 1.86 0.42 8 6.35 

Std. Er 0.01 0.01 0.02 0.11 0.11 0.1

1 

0.10 

Range 0.3 0.22 0.04 0.07 0.04 0.4 0.5 

Min 4.5 3.4 0.54 1.82 0.40 7.8 6.1 

Max 4.8 3.62 0.58 1.89 0.44 8.2 6.6 

One-way 

ANOVA 

F-value 1.37 1.14 1.06 0.46 0.25 0.1

1 

0.1 

p-value 0.00* 0.00* 0.32 0.66 0.86 0.9

4 

0.80 

 

Figure: 7. Heavy metal analysis in muscle of Lates calcarifer Station-2 (Kothapalem Beach) 
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Table: 7. Accumulation of heavy metals (μg/g) in intestine of Lates calcarifer in station1 

during study Period of June2022-July2023 (Mean±S.E.). 

Seasons Heavy metal (μg/g) Pb Mn Zn Ni Cd Cr Cu 

 

 

 

 

Pre monsoon 

Mean 5.4 5.6 0.63 2.23 0.93 7.9 7.6 

Std. Er 0.01 0.02 0.01 0.10 0.02 0.07 0.11 

Range 0.6 0.4 0.04 0.07 0.04 0.6 0.6 

Min 5.1 5.4 0.61 2.20 0.91 7.6 7.3 

Max 5.7 5.8 0.65 2.27 0.95 8.2 7.9 

 

 

 

 

Monsoon 

Mean 7 6.5 1.7 4.7 3.1 9.55 9 

Std. Er 0.02 0.02 0.02 0.11 0.02 0.02 0.1 

Range 0.4 0.6 0.06 0.6 0.2 0.7 0.2 

Min 6.8 6.2 1.4 4.6 2.9 9.2 8.9 

Max 7.2 6.8 2.0 4.8 3.3 9.9 9.1 

 

 

 

Post 

monsoon 

Mean 5.6 5.65 1.09 3.9 2.2 8.1 8.5 

Std. Er 0.03 0.02 0.02 0.01 0.03 0.1 0.10 

Range 0.4 0.3 0.21 0.2 0.18 0.7 0.2 

Min 5.4 5.5 0.99 3.8 2.1 7.8 8.4 

Max 5.8 5.8 1.2 4.0 2.3 8.5 8.6 

One-way 

ANOVA 

F-value 1.47 1.15 1.0 0.45 0.15 0.10 0.11 

p-value 0.00* 0.00* 0.32 0.66 0.86 0.94 0.80 

 

Figure: 8. Heavy metal analysis in intestine of Lates calcarifer Station-1 (Nizampatnum 

Harbour) 

Table: 8. Accumulation of heavy metals (μg/g) in intestine of Lates calcarifer in station 2 

during study Period of June2022-July2023 (Mean±S.E.). 

 

Seasons 

Heavy metal (μg/g)  

Pb 

 

Mn 

 

Zn 

 

Ni 

 

Cd 

 

Cr 

 

Cu 

 

 

 

 

Pre monsoon 

Mean 6.3 6.5 0.78 2.96 1.15 8.9 8.2 

Std. Er 0.01 0.02 0.01 0.10 0.02 0.07 0.11 

Range 0.4 0.6 0.05 0.06 0.1 0.6 0.6 

Min 6.1 6.2 0.76 2.93 1.1 8.6 7.9 

Max 6.5 6.9 0.81 2.99 1.2 9.2 8.5 

 

 

 

 

Mean 7.8 8.3 2.2 5.1 3.65 11.55 10.4 

Std. Er 0.02 0.02 0.02 0.11 0.02 0.02 0.1 

Range 0.4 0.6 0.08 0.6 0.3 0.7 0.2 

Min 7.6 8.0 2.1 4.8 3.5 11.2 10.3 
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Monsoon Max 8.0 8.6 2.3 5.4 3.8 11.9 10.5 

 

 

 

 

Post monsoon 

Mean 7.1 7.15 1.5 4.5 2.85 9.15 8.7 

Std. Er 0.03 0.02 0.02 0.01 0.03 0.1 0.10 

Range 0.4 0.5 0.07 0.2 0.3 0.7 0.2 

Min 6.9 6.9 1.4 4.4 2.7 8.8 8.6 

Max 7.3 7.4 1.6 4.6 3.0 9.5 8.8 

One-way 

ANOVA 

F-value 1.57 1.20 1.1 0.48 0.17 0.11 0.12 

p-value 0.00* 0.00* 0.32 0.66 0.86 0.94 0.80 

 

Figure: 9 Heavy metal analysis in intestine of Lates calcarifer Station-2 (Kothapalem Beach) 
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