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Abstract 

This study is to evaluate levels of seven trace metals (Cr, Mn, Fe, Cu, Zn, Pb and Hg) and 

biochemical (proteins, lipids and carbohydrates) alterations in muscle tissue of 27 commercially 

important fish species collected from six different estuaries along the west coast of India. The study 

was performed using ICP-OES, GF-AAS, FIMS and UV-Visible spectrophotometer. Estuaries along 

the central west coast of India (Maharashtra coast) receive wastewater from agricultural, domestic 

and industrial sources. The obtained results revealed that the abundance of trace metals and 

biochemical compounds in fish tissue followed the order: Fe(370.0±6.0µg/g 

)>Zn(92.0±4.2µg/g)>Mn(23.0±1.24µg/g)>Cu(27.9±1.8µg/g)>Cr(1.2±0.18µg/g)>Pb(0.28±0.06µg/g)

>Hg(0.09±0.01µg/g) and proteins(43.5±1.6 mg/g)>lipids(23.6±1.6 mg/g)>carbohydrates(3.9±1.8 

mg/g). The results indicate that various levels of trace metals exist in the studied fish species, but the 

concentrations are within permissible limits set by the USFDA, FAO/WHO, and EU for human 

consumption, except Mn (<1.0  µg/g) and Fe (<100.0 µg/g) in some of the species. Cu (r=-0.39) and 

Zn (r=-0.85) showed a negative correlation with total carbohydrates (n=120; p<0.05) indicating that 

accumulation of Cu and Zn can be impact the metabolic characteristics of the fish. Results of 

Principal Component Analysis (PCA) highlighted the same point source for these metals as 

influenced by the anthropogenic processes. 
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1.Introduction  

Most of the population along coastline consumes fish, which are rich in protein. Besides 

protein, it is also a better choice of nutritional requirements such as essential fatty acids, vitamins and 

minerals (Hixson 2014). In recent years, contamination of the aquatic environment is a serious 

growing trouble throughout the globe. The industrialization, increased population, combustion of 

fossil fuels, mining operations and metallurgical discharge are the primary cause of trace metal 

contamination in the aquatic environment (Sankhla et al. 2016). Trace metals like Chromium (Cr), 

Manganese (Mn), Iron (Fe), Copper (Cu), and Zinc (Zn) are essential for the metabolic function in 

organisms, however, their increased concentration may lead to toxicity and can be harmful to 

survival (Pandey and Madhuri 2014). Heavy metals like Cadmium (Cd), Lead (Pb) and Mercury 

(Hg) are toxic even at trace levels and metabolic activity plays an important role in the 

bioaccumulation of trace metals in marine organisms (Asati et al. 2016; Velusamy et al. 2014).Trace 

metal’s concentration beyond permissible limits is considered toxic to human beings and even 

aquatic biota (Thakur and Mhatre 2015). The metals can bioaccumulate in the organisms from 

ambient environment and may biomagnified in higher trophic levels through dietary exposure 

(Barwick and Maher 2003). Knowing changes in the biochemical profile of fish in relation to metal 

concentration will help to evaluate the sensitivity of the metabolism (Yacoub and Gad 2012). 

Substantial number of studies has reported bioaccumulation of trace metals and 

biochemical compounds in different fish tissues (Mohamed and Gad 2008; Cao et al. 2010; Ebrahim 

and Taherianfard 2011; Yacoub and Gad 2012; Velusamy et al. 2014; El-Moselhy et al. 2014; Javed 

and Usmani 2015; Siva et al. 2017). However, scarce published information is available on the effect 

of trace metals on the biochemical compounds [Total Proteins (PRT), Total Lipids (LPD) and Total 

Carbohydrates (CHO)] in the fish. Since, seafood is important to study the bioaccumulation of trace 

metals, as it is the mainly favored food among the local public and tourists in the Maharashtra, India. 

In the present study, we have highlighted the bioaccumulation of trace metals and their alterations on 

biochemical compounds in different fish present in selected tropical estuaries. This coastal territory 

is one of the highly-urbanized and industrialized regions in India and thus most of the estuaries  (Fig. 

1) along the coast receive a significant amount of domestic as well as industrial effluents and 

transport into the Eastern Arabian Sea (CSIR-NIO technical report 2009; Rao et al. 2019).To study 

the accumulation of trace metals Cr, Mn, Fe, Cu, Zn, Pb and Hg, and biochemical compounds (PRT, 

LPD and CHO) alterations in muscle tissue of 27 commercially important fish species were the 

major objective of this study. 
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2. Materials and methods 

Study area description 

 The selected estuaries make their way to the eastern Arabian Sea along the Maharashtra 

coast of India. Together these river- estuaries invade an area of 27 × 103 km2 with the net water flow 

of 53.3 × 109 m3 yr-1 which equals around 10% of total Maharashtra region and 20% of the total 

annual riverine flow into the Arabian Sea (Rao et al. 2019). When precipitation is taken into 

consideration the average rainfall rate is around 3322 mm yr-1 which is higher as compared to 

average precipitation in the state of Maharashtra 733 mm yr-1 (Sharad et al. 2007). As these estuaries 

are near to urban civilization and industries anthropogenic activities dominates the waste released in 

estuaries and their parent riverine system. The amount of Industrial Effluent (IE) and Domestic 

Waste (DW) per day received by the studied estuaries (Fig.1) varied i.e. Ulhas (IE; 60×103 & DW; 

350×103 m3), Patalganga (both IE & DW; 15×103 m3), Kundalika (both IE & DW; 1.4×103 m3), 

Savitri (IE; 6×103 & DW; 7.5×103 m3) and Vashishti (IE; 4.5×103 & DW; 7.7×103 m3). The 

concentration of trace metals in the effluent disposal from these areas (Table 1) (CSIR-NIO technical 

report, 2018). These estuaries are governed by tides and coastal currents mostly semidiurnal with a 

diurnal inequality. The tidal range along these estuaries in the range of 1m to 4.3m (CSIR-NIO 

technical report, 2009; Rao et al. 2019). 

Sample collection and analysis 

27 different fish samples (commercially important)  were collected during March-April, 2016 

from different sites along Ulhas (S1), Patalganga (S2), Kundalika (S3), Savitri (S4), Vashishthi (S5) 

and Shastri (S6) estuaries, which flow into the Arabian Sea, west coast of India (Fig. 1). Collection 

of fishes was done with the help of trawl net and the fishes caught were packed in aluminum foils 

and then preserved in the ice and brought to the laboratory. After identifying species of fish, its 

length and weight were measured (Table 2). Muscle tissue of fish samples were dissected using 

Teflon coated accessories, kept in polyethylene bags and frozen at -20°C until the analysis 

(Velusamy et al. 2014) and minimize the contamination while handling the fish sample (FAO, 1983). 

All dissection apparatus was pre-cleaned. Fish tissue was placed into glass beaker to dry at 50ºC till 

the constant weight reached. Dried tissue was powdered in agate mortar and pestle. Hg was analyzed 

in the wet sample. A microwave accelerated digestion system (MARS-5, CEM) was used for 

digesting samples with addition of concentrated aqua regia HNO3: HCl (1:3). Cr, Mn, Fe, Cu, and Zn 

were analyzed on Inductively Coupled Plasma Optical Emission Spectrophotometer (ICP-OES, 

Optima 7300 DV, Perkin Elmer), whereas Pb was analyzed by using Graphite Furnace Atomic 
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Absorption Spectrometry (GF-AAS, Perkin Elmer, Analyst 600), Hg was analyzed with a Flow 

Injection Mercury System (FIMS-400, Perkin Elmer). Blanks in triplicate were processed and 

analyzed along with each set of the sample. Certified reference materials (TORT-2 and DOLT-4, 

NRC, Canada) were processed along with samples to authenticate the results and recovery was 95% 

to 105 % using various spiked metal concentrations (Table 3). The biochemical compounds were 

analyzed by using a spectrophotometrically (UV–Visible Spectrophotometer: SHIMADZU). The 

extraction of PRT, fish samples were digested in Sodium hydroxide (NaOH) by heating in a water 

bath. The slurry was centrifuged, and an aliquot of the clear supernatant was used for estimation of 

PRT using Folin phenol reagent (Lowry et al. 1951). PRT concentrations are given as Bovine Serum 

Albumin (BSA) equivalents. LPD was extracted from fish samples by elution with Chloroform and 

Methanol (Bligh and Dyer 1959), estimated by using sulphophosphovanillin method (Barnes and 

Blackstock 1973), and expressed as cholesterol equivalents. CHO was analyzed following the 

phenol-sulphuric acid method according to Dubois et al. (1956) and expressed as glucose 

equivalents. The precision of the method was ±5 %. All the values were represented in an average of 

the triplicate along with standard deviation.  

3. Results and discussion 

Trace metals in fish tissue 

The concentrations of trace metals in the muscle tissue samples of fishes in the study area 

are presented in Fig.2 as well as compared with metal concentrations reported in different areas 

around the globe (Table 5). The concentration of the trace metals analyzed in the present study 

varied according to the study area, species and feeding habit. However, in most of the species, 

variation was in order of Fe>Zn>Mn>Cu>Cr>Pb>Hg with Fe being maximum in all cases.  

The concentration of Cr in the muscle tissue of fishes in this study varied from not 

detectable (nd) to 1.23±0.18 µg /g with the mean of 0.57 µg/g (Table 4). The maximum 

concentration of Cr was recorded in Pampus argenteus (1.23±0.18 µg/g) from the Ulhas Estuary 

followed by Otolithoides biauritus (1.22±0.33 µg/g) from the Shastri Estuary. Cr was below 

detection limit in Coilia dussumeiri, Pennahia anea, Thryssa malabarica and Liza parsia from the 

Savitri Estuary. Cr is an essential trace element, which is play a vital function in the glucose 

metabolism (Mertz 1969). The mean concentration of Cr in this study is higher than reported in 

Masan Bay, Korea 0.18–0.25 µg/g; Kwon and Lee (1999) and lower than those reported in 

California waters 0.27–3.0 µg/g; Moeller et al.(2003). The concentration of Cr in fish tissues in this 

study was comparable to other Indian studies (i.e. 0.65-0.92 µg/g from Raja et al (2009); 0.47 µg/g 
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from Velusamy et al (2014) . The highest permissible Cr concentration rank in fish is 12–13 µg/g dry 

wt USFDA (1993). Thus, Cr concentration in the fish species analyzed in this study area was under 

the acceptable level for human consumption.  

The Mn concentration in fish samples ranged from 1.01±0.19 – 22.59±1.24 µg/g with the 

mean of 4.2 µg/g (Table 4). The maximum concentration of Mn was in Cynoglossus arel 

(22.59±1.24 µg/g) from the Shastri Estuary, whereas, it was minimum (1.01±0.19 µg/g) in Gobiidae 

sp from the Ulhas Estuary. Mn is a low toxic metal with a substantial biological significance and 

seems to accumulate in aquatic organisms Velusamy et al. (2014). The mean concentration of Mn in 

this study was higher than reported in the Mumbai harbor 3.47 µg/g; Velusamy et al (2014), the 

Parangipettai, India 0.31-1.2 µg/g; Raja et al (2009) and the Saricay stream, Turkey 0.11 - 24.23 

µg/g, Yilmaz et al. (2007). The Mn concentration in this study was observed to be greater than the 

permissible limit 1.0 µg/g dry wt; FAO/WHO (1989) in all the species of all studied locations.  

The Fe concentration was the most abundant trace element in tissue samples in this study. 

The concentration of Fe in muscle tissue varied from 29.39±1.4 to 370.0± 6.0 µg/g with the mean of 

100.8 µg/g (Table 4). The maximum concentration of Fe was in Otolithoides biauritus (370.0± 6.0 

µg/g) from the Shastri Estuary while the minimum was in Cynoglossus arel (29.39±1.4 µg/g) from 

the Vashishthi Estuary. Fe is one of the essential element required and deficiency of it may cause 

anemia (Hegazy et al. 2010).  Fish is important sources for Fe in human (Pearson and Dutson 1994). 

The mean concentration of Fe in this study is almost similar to the Mumbai harbor 97.04 µg/g; 

Velusamy et al (2014). It was higher than the Parangipettai, India 24.1-50.3 µg/g; Raja et al. (2009) 

and in the Mediterranean Sea 59.6–73.4 µg/g; Kalay et al (1999). The high Fe concentration reported 

in Otolithoides biauritus from the Shastri Estuary might be because of the feeding behavior and 

environmental condition. The maximum concentration of Fe has been also reported in the aquatic 

region due to the increased contribution of organic matter as well as anthropogenic releases from 

industries and sewage waste Velusamy et al. (2014). However, it does not appear to be same in the 

present study, as the maximum concentration in Otolithoides biauritus is from the Shastri Estuary, 

which does not receive waste that can enhance the Fe concentration. However, the sediment of the 

region contains naturally occurring Fe in high concentration (CSIR-NIO technical report, 2009). The 

observed mean Fe concentration was higher than the acceptable limit 100 µg/g dry wt; FAO/WHO 

(1989) in the fish species Otolithoides biauritus, Cynoglossus arel, and Megalaspis cordyla from 

Shastri Estuary; Loligo from Vashishthi Estuary; Johnius aneus from Savitri Estuary and Coilia 

dussumieri from Patalganga, Savitri and Vashishthi Estuary (Table 4). Concentration of Fe in all 

other species was below the permissible limit.  
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The Cu concentration in all of the fish tissue samples varied between 0.34±0.08 and 

27.94±1.8 µg/g and mean value of 3.4 µg/g for fishes along the study area (Table 4). The maximum 

concentration was recorded in Gobiidae sp (27.94±1.8 µg/g) from the Ulhas Estuary and minimum in 

Liza parsia (0.34±0.08 µg/g) in the Savitri Estuary. Cu is one of the essential element in fish and 

controlled in the muscle tissue with high molecular weight proteins (Kumar et al. 2011). It is well 

known that Cu plays a very important role in enzymatic processes and is crucial for the synthesis of 

hemoglobin in fish. Though, excessive consumption will cause severe health issues to the aquatic 

ecosystem and indirectly to the human being (Demirezen and Uruc 2006). The Ulhas Estuary 

receives effluent from industrial units and the sediment of it contains high concentration Cu (CSIR-

NIO technical report 2009). Hence the observed values of Cu in present study were higher than 

found in the fishes in the Mumbai harbor (2.46 µg/g; Velusamy et al. (2014). It was lower than in the 

range (3.40–5.88 µg/g) of Mediterranean Sea Kalay et al. (1999). The mean Cu concentrations 

reported in fish species in this study were within the permissible limit (30 µg/g dry wt; FAO/WHO 

(1989).  

The Zn concentration in fish tissue samples from this study varied from 10.12±0.58 – 

91.95±4.2 µg/g and mean value was 39.4 µg/g (Table 4). The accumulation of Zn varied 

significantly from species to species (p<0.05). The maximum concentration of Zn was in Arius 

maculatus (91.95±4.2 µg/g) from the Patalganga Estuary and lowest in Liza parsia (10.12±0.58 

µg/g) from the Savitri Estuary. Zn is also an essential element in food and also the second abundant 

metal followed by Fe (Kumar et al. 2011), though, high level of Zn in fish affects the survival, 

improvement and growth of fish. According to Chi et al. (2007) reported that the too much of Zn and 

Cu eating is damaging to human health as well as be able to cause fever, diarrhea, acute stomach 

pains, sickness and poisoning. The Patalganga Estuary receives wastes from chemical industries and 

sediment of it has a high concentration of Zn in the vicinity of effluent discharge (CSIR-NIO 

technical report 2011). The observed values of Zn in this study were higher than found in the 

Mediterranean Sea (14.1–33.5 µg/g; Kalay et al. (Kalay et al. 1999) and the Mumbai harbor (38.54 

µg/g; Velusamy et al. (2014) in India. However, the average value of Zn in the study area was lower 

compared to the Black Sea (44.2 µg/g; Topcuoglu et al. (Topcuoğlu et al. 2002). The FAO/WHO 

allowable rank of Zn for human eating is 100 µg/g dry wt. Thus the average concentration of Zn in 

the fish species in this study was found to be lower than the acceptable limit FAO/WHO (1989). 

The concentration of Pb in the muscle tissue observed in this study varied from non-

traceable limit to 0.28±0.06 µg/g with the mean of 0.15 µg/g (Table 4). The maximum Pb value was 

detected in Ilisha megaloptera (0.28±0.06 µg/g) and the lowest concentrations (0.1±0.02 µg/g) were 
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in Johnius belangerii and Stingray from the Patalganga Estuary. Pb is a toxic element and causes 

carcinogenic effects in aquatic environment as well as humans (Velusamy et al. (2014). Pb 

concentrations were below the detection level in studied fish species except for the Ulhas and 

Patalganga Estuaries. However, the Pb concentrations in fish species in this study were found to be 

lower than the permissible limit recommended by the European Union (0.5-1.0 µg/g; EU, 2001; 

2008).  

In this study, the concentration of Hg in muscle tissue of fishes varied from non-traceable 

to 0.09±0.01 µg/g with the mean of 0.03 µg/g (Table 4). The highest concentration was observed in 

Pampus argenteus (0.09±0.01 µg/g) from the Ulhas Estuary, and lowest concentration (0.01 µg/g) 

was in Liza parsia from the Ulhas and Savitri estuaries. Its concentration in Llisha megaloptera from 

the Patalganga, Loligo from the Vashishthi and Epinephelus sp, Harpadon nehereus from the Shastri 

Estuary were lowest. Our result of Hg is in agreement with an earlier report on fish muscle from the 

Mumbai Harbor (0.06 µg/g; Velusamy et al. (2014). The level of Hg in fish during present study was 

low compared to other studies (Bordajandi et al. 2004; Burger et al. 2005; Cirillo et al. 2010). 

Although in low amounts, Hg is recognized as a highly toxic metal to biota, due to its affinity 

towards lipid, allowing movement across the cell membrane. Such movements of Hg may interfere 

with cell metabolism (Boening, 2000; Pinho et al. 2002). The Bioavailable Hg can be quickly 

accumulated in the aquatic organism, and biomagnified then after along the trophic chain (Pouilly et 

al. 2013). Once accumulated in the body, Hg reacts with methyl cobalamine and forms methyl 

mercury by replacing Cobalt (Co) (Hutchison and Atwood 2003). According to the Food Drug and 

Administration (FDA, 2003) set an acceptable range for fish species from 0.004 ₋ 0.16 µg/g. 

Whereas, the European Union (EU)’s permissible limit for Hg concentration in fish is 0.5 µg/g wet 

wt EU (2008). In this study, Hg concentrations in fish species were reported to be lesser than the 

permissible limit recommended by the EU (2008). The Hg concentrations in the fish vary depending 

on feeding behavior, habitat, and seasonal changes Velusamy et al. (2014). The concentration of 

trace metals in the studied fish species might be because of the factors like pollution exposure, diet 

and behavior Henry et al. (2004). Dissimilar concentration of trace metals in different fish species 

might be a result of different metabolism, feeding patterns, ecological needs, and the contamination 

gradients of water, food and sediment, as well as ecological factors e.g size, age of the fish, salinity 

and temperature (Allen-Gil and Martynov 1995; Jezierska and Witeska 2006). In addition, species in 

the upper trophic levels in very impacted sites can accumulate higher metal, with the local playing a 

more critical function than the trophic web fish position (Terra et al. 2008). Overall, in this study, 

concentration of Mn in all the fish species and Fe in selected fish species of a particular estuary were 
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higher than the permissible levels, while concentration of other metals (Cr, Cu, Zn, Pb, and Hg) 

recorded in the fish muscle tissue from this study was lower than the acceptable ranges suggested by 

the USFDA (1993), FAO/WHO (1989) and EU (2001; 2008). 

Generally metals can bioaccumulate through exposure to ambient environment and diet. 

The metal bioaccumulation factor (BAF) of 5000 times than ambient concentrations are designated 

as more bioaccumulative. The background concentrations of trace metals in the studied sampling 

sites are ranged between 0.1 µg/l to 5 mg/l (Table. 1) but their concentrations in the tissue samples 

were in 0.1 µg/g to 370 µg/g. This difference infers that they were accumulated into tissues from 

ambient exposure. The level of accumulation is differed among the sampling sites due to spatial 

difference in metal concentration. The variation of metal concentrations among the species is 

explained by difference in the uptake-assimilation-elimination efficiency and metabolic requirements 

(Jim et al. 2004). 

Biochemical parameters in the fish tissue 

The concentration of PRT in the muscle tissue of fishes in this study (Fig. 3) varied from 

22.3±1.6 – 43.5±1.6 mg/g with the mean value 34.0 mg/g (Table 4). The maximum concentration of 

PRT was in Coilia dussumeiri (43.5±1.6 mg/g) from the Vashishthi Estuary while the minimum was 

in Liza Parsia (22.3±1.6 mg/g) from the Ulhas Estuary. One of the chief nitrogenous components of 

the body’s tissue is PRT (Siva et al. 2017). Hence, acts as an important bioindicator for determining 

the physiological condition of the fish (Begum and Vijayaraghavan 1996).The fluctuations in the 

concentration of PRT in the studied muscle tissue of fishes were due to the release of discharged 

effluents from different sources, including hydrocarbons found in domestic wastes and trace metals 

in the industrial and agricultural drainage bring the change in the aquatic environment and ultimately 

results in reduction of protein content (Zaghloul 2000). The reduction in protein concentration might 

be due to the blocking of protein synthesis pathways or denaturation of proteins or negative affect on 

amino acid synthesis by metals (Jha 1991). The variation in PRT concentrations in the studied fish 

species was due to their seasonal variation, habitat preference, distribution and feeding habits. 

Ahmed et al. (1997) reported that the alterations in PRT and their metabolites in aquatic organisms 

are due to exposed to toxicants. Hence, the lowest concentration of PRT recorded in the Liza Parsia 

(22.3±1.6 mg/g) from the Ulhas Estuary than the Savitri Estuary (Liza parsia =37.5±3.1 mg/g) may 

be due to the above mentioned reasons. The concentration of LPD in muscle tissue of fishes recorded 

during this study (Fig.3) varied from 7.3±1.4 – 23.6±1.6 mg/g with the mean of 14.1 mg/g (Table 4). 

The maximum concentration of LPD was in Epinephelus diacanthus (23.6±1.6 mg /g) from the 
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Vashishthi Estuary while the minimum was in Liza pasia (7.3±1.4 mg/g) from the Ulhas Estuary. 

Similar to glycogen, lipids also promotes storage of energy. They are organic compounds having 

negligible solubility in water but get easily dissolved in organic solvents as they have intense 

calorific value and acts as essential fatty acids (Siva et al. 2017). Sancho et al. (1998) reported that 

the fish uses energy-rich lipids for energy production during toxic stress, which reduces the 

concentration of LPD in the muscle of fish exposed to different pollutants and show decreased lipid 

content (Chandra et al. 2004; Blaner et al. 2005). The concentration of CHO in muscle tissue from 

this study (Fig.3) varied from 1.1±0.2 – 3.9±1.8 mg/g with the mean of 2.2 mg/g (Table 4). The 

maximum concentration of CHO was in Liza parsia (3.9±1.8 mg/g) from the Savitri Estuary while 

the minimum was in Panulirus polyphagus (1.1±0.2 mg/g) from the Patalganga Estuary. CHO 

consists of an important part of protoplasm as it participates in storage and release of energy. Some 

of the crucial carbohydrates persisting in the animal cells are glucose, fructose, mannose, sucrose, 

galactose, maltose, lactose, trihalose, all of these promote glycogen cellular functions thereby acting 

as energy generator (Siva et al. 2017). Glycogen in many marine animals does not add much to the 

reserves in the body might result in the lower level of CHO recorded in this study. Ramaiyan et al. 

(1976) reported similar findings in 11 species of Clupeids. The study thus supports the view that 

CHO plays an irrelevant role as an energy reserve in aquatic animals (Love, 1970), since it is in very 

low concentration in the muscle as well as that its role in the mobilization of energy during 

maturation and spawning (Shamsan and Ansari 2010). It is further supported by Vijaykumaran 

(1979) who stated that carbohydrates play a minor role in energy reserves of Ambassis 

gymnocephalus as well as its depletion during the spawning season is insignificant. 

Relationship between trace metals and biochemical parameters 

Overall, the biochemical concentrations analyzed in the fish species in this study decreased 

in the order of PRT>LPD>CHO. Such changes have also been attributed to various physiological 

and other factors like maturation, spawning, feeding etc (Shamsan and Ansari 2010; Siva et al. 

2017). Also, Saha and Guha (1940) reported that the chemical composition is dependent on age, sex, 

habitat and seasons. The statistical analysis was carried out using Statistica 7.0 software. The 

correlation between species is performed and these results were observed, most of the fish species 

are mostly similar habitat and food habit (carnivores), moreover the species Coilia dussumieri, Liza 

parsia and Johnius aneus are found in more than two sites from polluted and unpolluted places hence 

it is worth to compare them for metal concentrations between sites. Furthermore, the correlation 

between absorption of trace metals, biochemical parameters, standard length, and total weight of fish 

species was observed. The metal concentrations were significantly varied in different fish species 
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however not correlated with fish length and weight (p>0.05). A significant positive correlation was 

observed in tissue samples for the trace metal pairs of Cr and Mn (p<0.05), Cr and Fe (p<0.05) and 

Mn and Fe (p<0.05) (Fig. 4). However, a significant variation between Zn and Pb (p<0.05) were 

found in all analyses. These correlations revealed that the source of origin of the metal was 

anthropogenic. Hg showed no significant correlation with other studied metals, a similar result was 

reported by Velusamy et al. (2014) from Mumbai coast, India. Moreover, there was a negative 

correlation between Cu, Zn and CHO (p<0.05) (Fig. 4). Similarly, James et al. (1991) reported toxic 

effects of Cu and Zn in Oreochromis mossambicus, and significant decrease in PRT, LPD and CHO 

were observed in muscle tissue and the whole body of O. mossambicus exposed to metals 

individually. While our results indicated reduced CHO in the fish tissue and there was no correlation 

between trace metals, PRT and LPD, but positive correlation between PRT and LPD (p<0.05) (Fig. 

4). It is concluded that the enhanced concentration of metals can impact the metabolic characteristics 

of the fish.  

Additionally, the result of PCA analysis by using Primer 6  (Fig.5), two dominant factors, 

accounting for 40.3% of cumulative percentage, were identified as controlling factors for heavy 

metals with biochemical compounds. Factor 1 accounted for 21.0 % of total variance and indicated 

significant positive loading was observed for Zn and Cu and negative loadings were found for CHO, 

indicating that accumulation of Cu and Zn can be impact the metabolic characteristics of the fish. . 

Factor 2 accounted for 19.3 % of total variance. A positive loading was observed for Cr, Fe and Mn 

(Fig.5). Outcome of the PCA indicates same point source for these metals as influenced by the 

anthropogenic processes. 

4. Conclusions 

 The concentrations of the trace metals and biomolecules analyzed in this study varied 

according to the study area, species and feeding habit. However, in most of the species variation was 

Fe>Zn>Mn>Cu>Cr>Pb>Hg and PRT>LPD>CHO. The high concentration of trace metals in the 

studied fish species might be because of the factors like pollution exposure and diet of the fish. 

Moreover, different concentration of trace metals and biochemical alterations in different fish species 

might be a result of different ecological condition, metabolism, feeding patterns, the contamination 

gradients of water as well as factors such as size, age of the fish. Trace metal concentrations in the 

fish samples analyzed in this study are within the permissible limits (USFDA, FAO/WHO and EU). 

Therefore, the fish in this study area was found to be usually considered safe for human consumption 

and no risk to the health of human consumers except Mn in all the fish species and Fe in selected fish 



  

11 

 

species of a particular estuary. Based on result of PCA indicates same point source for these metals 

as influenced by the anthropogenic processes. Further, the negative correlation (p<0.05) of Cu, Zn 

with CHO of the fish species indicated that accumulation of Cu and Zn affected the CHO in muscle 

tissue of the studied fish species or enhanced concentration of metals can impact the metabolic 

characteristics of the fish. The results of this study might be useful to find out the impacts and mode 

of action of trace metals on aquatic organisms and long-term monitoring in future to curtail the 

pollution load and restore ecological conditions. Moreover, continuous reclamation activities, 

especially for industrial effluent and domestic sewage, which poses even greater risks to public 

health and ecological degradation, has yet to gain policymakers’ attention. 
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Legend to Figure:  

Fig. 1. Map showing study area and sampling locations.  

Fig. 2. The concentration of trace metals in the muscle tissue samples of fishes in the study area. 

Fig. 3. The concentration of PRT, LPD and CHO in the muscle tissue samples of fishes in the study 

area. 

Fig. 4. Correlation between metals and biochemical compounds in the muscle tissue samples of 

fishes in the study area. 

Fig. 5. Principal component analysis (PCA) representing loading pattern of total length, weight of 

the fish, various trace metals and biochemical compounds in the muscle tissue samples of fishes in 

the study area. Zn and Cu contributed to significant positive loading while CHO contributed negative 

loading in Factor 1 (21% variance). Additionally, positive loading was observed for Cr, Fe and Mn 

contributed positive loadings in Factor 2 (19.2% variance). 
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Table 1. Concentration of trace metals in the effluent disposal of the study area during post-monsoon and 

pre-monsoon (CSIR-NIO technical report 2018). 

 

 

Post-monsoon 

  

Pre-monsoon 

 (µg/l) min max avg 

 

min max avg 

Cr 2.5 128 41.7 

 

2.2 142.3 25.4 

Mn 13 1787 352.4 

 

93.1 543.3 244.3 

Fe 8.9 5031 1041.9 

 

91.2 3020 1105.9 

Co   0.4 139 17.5 

 

0.3 33.5 7.3 

Ni 2.1 127.4 42.9 

 

5.2 119.7 49.1 

Cu  1.7 342.9 79.2 

 

19.4 369.9 136.5 

Zn   5.3 732.6 152.0 

 

15.4 814 215.3 

Hg   0.02 1.22 0.3 

 

0.02 0.24 0.1 

Pb 2.4 115.5 32.1 

 

3.0 89.1 45.6 
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Table 2. Sampling location, average length, weight with ± SD, and habitat and feeding of the fishes in the study area. 

 

 

 

 

 Name of fish n 

Length 

(cm) 

Weight 

(g) Habitat Feeding 

Ulhas (S1) Pampus argenteus 3 9.5±1.3 9.9±1.5 

Marine, 

Benthopelogic Carnivorous 

19.31° N, 72.73 

°E - 

Thryssa 

malabarica 4 15.6±1.5 38.2±2.5 Marine (Demersal) Carnivorous 

19.32° N, 72.79° 

E 

Otolithoides 

biauritus 3 8.4±1.0 14.6±1.2 Marine, Brakish Carnivorous 

 

Gobiidae sp 5 11±1.6 15±1.5 

Marine, Flw, 

Brakish Omnivorous 

 

Opisthopterus 

tardoore 4 14±1.1 23.5±1.8 

Marine, Flw, 

Brakish Carnivorous 

 

Liza parsia 4 10±2.1 15±2.8 

Marine, Flw, 

Brakish Omnivorous 

       

Patalganga (S2) Coilia dussumeiri 5 12.9±1.3 7.7±2.0 

Marine, Flw, 

Brakish Carnivorous 

18.83°N, 

72.91°E - Arius maculatus 4 17.4±1.6 40±3.3 Marine, Brakish Carnivorous 

18.80°N, 

72.98°E Johnius belangerii 3 13.2±2.1 25±3.0 Marine, Brakish Carnivorous 

 

Panulirus 

polyphagus 4 20±1.8 100±5.6 Marine, Brakish Omnivorous 

 

Stingray 

(himantura 

chaophraya) 3 13±2.3 60±3.1 Marine, Brakish Carnivorous 

 

Ilisha megaloptera 3 12.3±1.2 9±1.6 Marine, Brakish Carnivorous 

       

Kundalika (S3) Liza parsia 4 15.2±2.4 34±3.4 

Marine, Flw, 

Brakish Omnivorous 

18.55°N, 

72.86°E - Coilia dussumeiri 5 8±1.8 16.3±2.2 

Marine, Flw, 

Brakish Carnivorous 

18.54°N, 

72.93°E Johnius aneus 3 17±2.2 65±3.4 Marine, Brakish Carnivorous 
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Savitri (S4) Coilia dussumeiri 6 15±2.0 13±1.2 

Marine, Flw, 

Brakish Carnivorous 

17.97°,72.97°E - Johnius aneus 4 15±3.1 30±2.8 Marine, Brakish Carnivorous 

17.98°N, 

73.02°E 

Thryssa 

malabarica 3 15±2.3 10±1.6 

Marine, Flw, 

Brakish Carnivorous 

 

Liza parsia 4 18±2.6 58±3.8 

Marine, Flw, 

Brakish Omnivorous 

       

Vashishthi (S5) Coilia dussumieri 5 13.2±2.8 3.4±1.5 

Marine, Flw, 

Brakish Carnivorous 

17.58°N-

73.08°E - Loligo 3 30±3.4 100±4.6 Marine Carnivorous 

17.58°N-

73.15°E Cynoglossus arel 3 22.5±2.5 80±3.4 

Marine, Brakish 

(Demersal) Carnivorous 

 

Johnius aneus 4 13±2.2 28.3±3.1 Marine, Brakish Carnivorous 

 

Epinephelus 

diacanthus 3 13.6±1.5 40±2.2 Marine (Demersal) Carnivorous 

       

Shastri (S6) Cynoglossus arel 4 16±2.2 22±2.6 

Marine, Brakish 

(Demersal) Carnivorous 

17.31°N, 

73.16°E - 

Megalaspis 

cordyla 3 8.2±1.5 7.9±2.1 Marine, Brakish Carnivorous 

17.30°N, 

73.22°E 

Scatophagus 

argus 3 13±3.1 94±4.8 

Marine, Flw, 

Brakish Omnivorous 

 

Epinephelus sp 4 15±2.2 46±3.1 Marine (Demersal) Carnivorous 

 

Harpadon 

nehereus 5 8±2.1 9±2.6 

Marine, 

Benthopelogic Carnivorous 

 

Pampus argenteus 5 9±2.5 14.5±2.8 

Marine, 

Benthopelogic Carnivorous 

  

Otolithoides 

biauritus 4 12±2.0 16.5±2.5 Marine (Demersal) 

  

Carnivorous 
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                               Table 3. Trace metals concentration (μg/g) with ±SD in Certified Reference Materials (TORT-2 and DOLT-4) of the studied fish. 

CRM→    TORT-2   DOLT-4   

Metal  Instrument Certified Observed 
Recovery 

(%) 

 

Certified 
Observed Recovery (%) 

Cr  ICP-OES 0.77±0.15 0.81±0.18 105 - - - 

Mn ICP-OES 13.6±1.2 13±1.0 96 - - - 

Fe  ICP-OES 105±13 101±11 96 1833±75 1788±80 98 

Cu  ICP-OES 106±10 102±12 95 31.2±1.1 30.2±1.5 97 

Zn  ICP-OES 180±6 175.1±8 97 116±6 112±8 97 

Pb GF-AAS 0.35±0.013 0.344±0.01 97 0.16±0.04 0.15±0.05 96 

Hg  FIMS-400 0.27±0.06 0.265±0.08 98 2.58±0.22 2.55±0.31 99 
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Table  4. Mean with ±SD values of concentration of trace metals (dry wt., except Hg, which is in wet wt. basis) and biochemical compounds (PRT, 

LPD and CHO) in muscle tissue of fishes along the study are 

 

Name of fish Cr (µg/g) Mn (µg/g) Fe (µg/g) Cu (µg/g) Zn (µg/g) Pb (µg/g) 
Hg (µg/g; 

wet) 

PRT 

(mg/g) 

LPD 

(mg/g) 

CHO 

(mg/g) 

Ulhas (S1) 
          

Pampus argenteus 1.23±0.18ab 6.56±0.97 a 
69.09±2.1 

a 
2.86±0.44 a 

69.81±1.88 

ab 

0.11±0.02 

a 

0.09±0.01 

a 

39.5±2.6 

a 

16.6±1.5 

a 

1.5±0.2 

a 

Thryssa malabarica 
0.64±0.13 

ab 
3.45±0.69 a 

55.86±1.7 

a 
2.13±0.63 a 

50.7±1.55 

ab 

0.15±0.03 

a 

0.02±0.01 

a 

28.6±2.8 

a 

15.5±2.1 

a 

1.8±0.5 

a 

Otolithoides biauritus 
0.72±0.04 

ab 
2.89±0.79 a 

85.06±2.3 

a 
0.86±0.23 a 

26.42±0.55 

ab 
0.2±0.04 a 

0.04±0.01 

a 

38.8±3.1 

a 

18.4±1.2 

a 
3±1.0 a 

Gobiidae 0.4±0.08 ab 1.01±0.19 a 
49.12±1.8 

a 
27.94±1.8 a 

57.72±1.45 

ab 

0.14±0.02 

a 

0.06±0.01 

a 

31.6±2.4 

a 

16.6±1.0 

a 

1.4±0.6 

a 

Opisthopterus tardoore 0.5±0.04 ab 4.55±0.33 a 
55.84±1.7 

a 
2.97±0.48 a 

57.02±1.8 

ab 

0.17±0.02 

a 

0.03±0.01 

a 

26.5±1.9 

a 

14.2±1.3 

a 

1.7±1.0 

a 

Liza parsia 0.2±0.05 ab 1.94±0.16 a 
69.09±2.1 

a 
0.7±0.18 a 

27.16±1.54 

ab 

0.17±0.04 

a 
0.01±0.0 a 

22.3±1.6 

a 
7.3±1.4 a 

2.4±1.3 

a 

Patalganga (S2) 
          

Coilia dussumieri 
0.57±0.08 

ab 
6.52±0.5 a 154±4.1 a 3.04±0.23 a 59.51±3.8 a 

0.13±0.02 

a 
ND 

34.6±1.1 

a 
9.2±1.2 a 

1.5±0.4 

a 

Arius maculatus 
0.24±0.05 

ab 
1.87±0.2 a 

65.58±2.1 

a 
1.7±0.15 a 91.95±4.2 a 

0.11±0.01 

a 

0.02±0.01 

a 
39±2.5 a 

14.6±1.8 

a 

1.2±0.3 

a 

Johnius belangerii 
0.32±0.07 

ab 
4.01±0.8 a 

79.08±2.3 

a 
1.58±0.28 a 

30.18±1.74 

a 
0.1±0.02 a 

0.03±0.01 

a 

42.9±3.3 

a 

13.7±2.1 

a 

3.4±1.2 

a 

Panulirus polyphagus 
0.17±0.02 

ab 
1.73±0.08 a 

50.55±1.5 

a 
8.3±0.6 a 72.07±2.4 a 

0.13±0.02 

a 
ND 

42.2±2.2 

a 

17.1±1.5 

a 

1.1±0.2 

a 

Stingray (Himantura chaophraya) 0.7±0.09 ab 8.71±0.5 a 
97.34±4.2 

a  
2.5±0.38 a 

49.17±1.68 

a 
0.1±0.02 a ND 

36.4±3.1 

a 
7.6±1.3 a 

2.2±1.0 

a 

Ilisha megaloptera 
0.49±0.05 

ab 
4.03±0.48 a 

49.14±1.8 

a 
1.8±0.24 a 

65.29±1.88 

a 

0.28±0.06 

a 
0.01±0.0 a 

29.6±1.4 

a 

17.7±1.0 

a 

1.6±0.8 

a 

Kundalika (S3) 
          

Liza parsia 0.16±0.04b 1.67±0.15 a 
34.72±1.7 

a 

11.58±0.56 

a 
26.4±0.7 b ND 

0.04±0.01 

a 

26.9±2.5 

a 
6.2±1.6 a 

2.4±1.4 

a 

Coilia dussumieri 0.22±0.06 b 2.17±0.18 a 
42.12±1.2 

a 
1.0±0.21 a 25.41±0.7 b ND 

0.05±0.01 

a 
31±2.4 a 8.2±1.4 a 

2.6±1.0 

a 

Johnius aneus 0.24±0.04 b 2.76±0.12 a 64.9±1.5 a 1.29±0.16 a 25.14±0.7 b ND 
0.06±0.01 

a 

36.5±1.8 

a 

21.2±1.2 

a 

2.8±1.1 

a 

Savitri (S4) 
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Coilia dussumieri ND 4.82±0.3 a 115±6.8 a 2.6±0.3 a 23.14±1.4 b ND 
0.04±0.01 

a 

27.9±2.1 

a 
9.4±1.5 a 3±1.3 a 

Johnius aneus ND 3.4±0.6 a 119±4.2 a 3.96±0.6 a 
30.64±2.15 

b 
ND 

0.06±0.01 

a 

40.1±2.4 

a 

15.9±2.1 

a 
2±1.4 a 

Thryssa malabarica ND 3.1±0.4 a 
41.22±2.1 

a 
1.95±0.18 a 

30.52±1.79 

b 
ND 

0.03±0.01 

a 

42.9±1.8 

a 

20.4±1.6 

a 

2.2±0.9 

a 

Liza parsia ND 1.36±0.2 a 33.1±1.8 a 0.34±0.1 a 
10.12±0.58 

b 
ND 0.01±0.0 a 

37.5±3.1 

a 

12.1±2.6 

a 

3.9±1.8 

a 

Vashishthi (S5) 
          

Coilia dussumieri 0.96±0.12a 6.42±0.64 a 
316±10.3 

a 
2.26±0.21 a 44.09±1.3 b ND ND 

43.5±1.6 

a 

14.2±1.3 

a 

2.1±1.0 

a 

Loligo 0.6±0.1 a 2.61±0.21 a 157±5.8 a 
12.64±0.54 

a 
70.61±2.1 b ND 0.01±0.0a 

30.6±3.2 

a 

15.7±1.5 

a 

1.2±0.6 

a 

Cynoglossus arel 0.28±0.08 a 2.81±0.18 a 
29.39±1.4 

a 
0.34±0.08 a 10.56±0.5 b ND ND 

42.1±2.6 

a 

14.5±1.2 

a 

3.2±1.0 

a 

Johnius aneus 0.96±0.11 a 1.88±0.24 a 
65.68±2.7 

a 
0.86±0.21 a 16.5±0.4 b ND ND 

29.4±1.6 

a 

11.8±1.1 

a 

2.7±0.8 

a 

Epinephelus diacanthus 0.74±0.08 a 1.33±0.17 a 
72.89±2.1 

a 
0.84±0.23 a 19.9±0.7 b ND ND 

34.6±2.1 

a 

23.6±1.6 

a 

2.6±1.1 

a 

Shastri (S6) 
          

Cynoglossus arel 0.87±0.1 a 
22.59±1.24 

a 

347±10.4 

a 
1.61±0.21 a 27.82±2.8 b ND 

0.04±0.01 

a 

31.4±1.8 

a 

15.2±1.2 

a 

2.5±1.0 

a 

Megalaspis cordyla 0.68±0.20 a 3.39±0.36 a 161±5.4 a 1.73±0.28 a 
25.59±1.82 

b 
ND 

0.03±0.01 

a 

23.8±1.6 

a 
7.5±1.0 a 

2.5±0.8 

a 

Scatophagus argus 0.99±0.29 a 5.18±0.41 a 
46.49±2.8 

a 
1.44±0.19 a 24.8±1.54 b ND 

0.05±0.01 

a 

30.5±3.3 

a 
10±1.8 a 

2.2±1.0 

a 

Epinephelus sp 0.41±0.1 a 3.95±0.29 a 
74.75±3.8 

a 
1.34±0.16 a 

64.97±3.65 

b 
ND 0.01±0.0 a 

32.4±2.1 

a 

16.1±1.0 

a 

1.4±0.6 

a 

Harpadon nehereus 0.55±0.1 a 2.44±0.31 a 
78.38±5.0 

a 
0.76±0.10 a 

22.52±1.88 

b 
ND 0.01±0.0 a 

28.5±1.6 

a 

10.3±1.1 

a 

2.6±0.9 

a 

Pampus argenteus 0.44±0.14 a 2.69±0.18 a 
73.91±5.7 

a 
0.91±0.12 a 

31.71±2.16 

b 
ND ND 

35.8±2.3 

a 

23.1±1.5 

a 

1.8±0.5 

a 

Otolithoides biauritus 1.22±0.33 a 7.94±0.59 a 370±6.0 a 1.8±0.35 a 
34.02±2.88 

b 
ND ND 

39.7±2.0 

a 
13±1.6 a 

1.5±0.7 

a 

Trace metals and biochemical concentrations among the tissue from different fishes were compared statistically one-way ANOVA. Where: a, b and 

ab means for groups in  

homogenous subsets are displayed from Duncan multiple range test (DMRT) by using XLSTAT. All comparisons were statistically significant at p 

< 0.05. 

 ND; Not Detected. 
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Table 5. Trace metal concentrations (µg/g) in fish compared to others reported areas around the world. 

Where, a: Wet.Wt and b: Dry. Wt.  

 

Area   Cr 

           

Mn                 Fe Cu 

                                                                                                                                                         

Zn 

                 

Pb Hg References 

Karp Farvel, 

Greenlanda – – – 0.2–0.3 2.3–3.6 0.003–0.012 0.18-0.21 Stange et al. (1995) 

Barents Seaa – – – 0.6–0.6 5.6–7.8 <0.1 0.07 

Plotitsyna and 

Kireeva (1996) 

Mediterranean 

Seab 1.28–1.6 – 59.6–73.4 3.40–5.88 16.1–31.4 – – Kalay et al. (1999) 

Masan Bay, 

Koreab 0.18–0.25 – – 

 

6.33–12.9 – – 

Kwon and Lee 

(1999) 

Middle Black 

Seab 

 

1.06–0.76 9.52–32.4 1.28–2.93 9.5–22.9 – – Tuzen (2002) 

Black Seab <0.06–0.84 0.69 –0.56 30–60 1.01–4.54 25.7–44.2 – – 

Topcuoglu et al. 

(2002) 

Iskenderun 

Bay, Turkeyb 1.03–1.79 – 0.9–3.6 0.66–1.98 8.99–2.18 – – Yilmaz (2003) 

Mozambigue 

Channela – 0.06 5.33 0.15 9.92 0.03 0.38 

Kojadinovic et al. 

(2007) 

Parangipettai, 

Indiab 
0.65–0.92 0.31–1.2 24.1–50.3 0.12–0.31 14.1–33.5 – – Raja et al. (2009) 

Kolkataa – 4.24 58.66 7.54 47.8 – 0.41 Kumar et al.(2011) 

Mumbai 

Harbor, Indiab 0.47 3.47 97.04 2.46 38.54 0.12 0.06 

Velusamy et al. 

(2014) 

İskenderun 

Bay, Turkeya 0.134–0.336 0.166–0.382 - - - 0.09-0.11 0.03–0.23 

Kaya and Türkoğlu 

(2017) 

West coast of 

India 0.5 4.2 100.8 3.4 39.4 0.1 0.03a In the present study 


