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Abstract 

Aquaculture of tilapia is growing economically and nutritionally important in Malaysia. Fish is part of the human diet, the 

assessment of metals concentration in their tissues is compulsory. Cadmium (Cd), copper (Cu), lead (Pb) and zinc (Zn) 

concentrations were measured in the muscles, gills and liver tissue of tilapia, Oreochromis sp. Microwave digestion method was 

employed to extract the target metals followed by measurement of concentration by inductively coupled plasma-mass 

spectrometry (ICP-MS). The level of Cd, Cu and Pb were significantly high (p <0.05) in the liver of tilapia from Tumpat lagoon 

with 0.359±0.129, 71.1±31.3 and 2.14±0.451 µg/g dry weight (dw), respectively compared to the fish liver from Terengganu 

River. However, Zn concentration was significantly high in muscle tissues with 15.2±3.75 µg/g dw. Daily intake of metals in 

human was also estimated and compared to established standards. The intake levels of Cd, Cu, Pb and Zn were lower than the 

standards. Hence, tilapia is safe for consumption if they do not ingest the liver. Lipid peroxidation (LPO) activity was measured 

in the same tissue but the correlation values between level of metals and malondialdehyde (MDA) were inconsistent. Thus, 

further investigation in controlled environment such as laboratory exposure experiment is necessary. 
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Abstrak 

Kepentingan akuakultur tilapia dari segi ekonomi dan pemakanan semakin meningkat di Malaysia. Oleh kerana ikan adalah 

sebahagian daripada diet manusia, analisis kepekatan logam di dalam tisu tilapia perlu dilakukan. Kadmium (Cd), kuprum (Cu), 

plumbum (Pb) dan zink (Zn) telah diukur di dalam tisu otot, insang dan hati tilapia, Oreochromis sp. Kaedah pencernaan 

gelombang mikro telah digunakan untuk mengekstrak logam sasaran tersebut, dan diikuti dengan pengukuran kepekatan 

menggunakan spektrometri plasma-jisim berganding secara aruhan (ICP-MS). Tahap Cd, Cu dan Pb di dalam hati tilapia dari 

lagun Tumpat ternyata tinggi (p <0.05) dengan bacaan masing-masing 0.359 ± 0.129, 71.1 ± 31.3 dan 2.14 ± 0.451 μg/g berat 

kering (dw) berbanding dengan hati ikan dari Sungai Terengganu. Walau bagaimanapun, kepekatan Zn ternyata tinggi (p <0.05) 

di dalam tisu otot iaitu 15.2 ± 3.75 μg/g dw. Pengambilan logam harian oleh manusia juga telah dianggarkan dan dibandingkan 

dengan kadar piawaian yang ditetapkan. Kadar pengambilan Cd, Cu, Pb dan Zn didapati lebih rendah daripada piawaian, maka 

tilapia selamat untuk dimakan selagi mereka tidak memakan tisu hati. Aktiviti pemperoksidaan lipid (LPO) diukur dalam tisu 

yang sama tetapi nilai korelasi antara tahap logam dan malondialdehid (MDA) tidak konsisten. Oleh itu, kajian lanjut dalam 

persekitaran terkawal seperti eksperimen di makmal perlu dilakukan. 

 

Kata kunci:  logam, pengambilan harian, Tumpat, Terengganu, pemperoksidaan lipid 
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Introduction 

Tilapia is the second most farmed fish group worldwide. The production has quadrupled over the past decades due 

to their promising characteristics for aquaculture purpose, high marketability and relatively stable market prices [1]. 

Tilapia farmed fish in the world reported yielding over 3 million metric tons in 2009. Oreochromis spp. is one of the 

most commercially important in aquaculture production contributing to the figures reported [2]. In 2012, 

aquaculture production in Malaysia contributed 163,757 tons valued at RM992 million and the main cultures 

species were black and red tilapia, Oreochromis spp. Department of Fisheries (DOF) Malaysia also predicted with a 

growing population and preference for fish, the annual demand will increase from 1.7 million tons in 2011 to 1.93 

million in 2020 [3]. To comply with the demand, DOF initiated Aquaculture Industrial Zone (AIZ) including 

aquaculture farm in the Tumpat lagoon and Terengganu River.  

 

Tilapia is known to have high tolerance to crowding, disease resistance and wide range of salt tolerance [2, 4]. 

Therefore, they can be cultured in both seawater (Tumpat lagoon) and freshwater ecosystem (Terengganu River). 

Tumpat lagoon located in the north-east of Peninsular Malaysia, bordering between Thailand and northern 

Malaysia. The estimated aquaculture area is 500 x 200 meters, along Seri Tujoh Beach. DOF of Tumpat had banned 

the locals to purchase and consume shellfish products in 2015 due to outbreak of bacteria and pollution in Tumpat 

lagoon. Terengganu River is the longest river in Terengganu (17 km) with a semi-enclosed breakwater near the river 

mouth. Following the existence of breakwater, sand dredging activity is continuously operated and potentially 

causing embedded pollutant to emerge in particulate form. Beside breakwater, a draw bridge construction that began 

in 2014 is still ongoing and predicted to disturb the ecology as well as contaminating Terengganu River. Tilapias in 

both sites were cultured in extended period (3 to 6 months, personal communication) prior to sell; hence they could 

be a good bioindicator of pollution such as metals. 

 

Metals are ubiquitous pollutants which commonly found in water, sediment, as well as living organisms such as fish 

[5]. Metal pollution generally increases with the human’s technological achievement including sand dredging, 

agriculture, sewage and motor vehicle industry [6]. Fish assimilate metals through ingestion of particulate in water 

across the gill, dietary uptake and absorption into muscle tissues [7]. Metals are known to disturb the physiological 

and biochemical functions in rainbow trout, zebrafish and tilapia [8]. Besides, they are toxic to human in high 

concentration that lead to various implications such as diarrhea, dysfunctions in the kidneys and impairment of 

reproduction [9, 10]. The increase demand of tilapia proportionally increases the quantity of consumption by local 

Malaysian, thus investigation of metals concentration in farmed tilapia is necessary. 

 

Cheung et al. [11] and Wong et al. [12] have used tilapia tissues as biomarker of exposure to metal pollution in 

water which made tilapia a useful model fish species for ecotoxicological studies. Extraction of targeted elements 

was normally practiced in metals studies by using high-end instrument as measuring tools. However, these high-end 

instruments were both inefficiently time and cost consuming. Recently, the trend of monitoring the pollutant effects 

on animals was shifted towards molecular approach which represents better early signs of biological effects [13]. 

Metals can induce oxidative stress in aquatic animals by disturbing antioxidant efficiency, thus initiating DNA 

damage and lipid peroxidation [14]. Lipid peroxidation (LPO) of membrane lipids are normally detected by 

enhanced levels of malondialdehyde (MDA) [15], a byproduct of LPO. MDA has been used as a biomarker for LPO 

because of its facile reaction with thiobarbituric acid using colorimetric assay. If we managed to verify the level of 

MDA increment with metal concentrations, we can suggest LPO as another quick and easy approach for monitoring 

of metals in fishes. 

 

The objectives of the present study are: 1) to determine the concentration of metals (Cd, Cu, Pb and Zn) in the 

tissues of tilapia, 2) to estimate the daily intake of metals by Malaysian, and 3) to determine the correlation between 

concentrations of metals and MDA levels in tissue as biomarker of lipid peroxidation due to metal pollution. 

 

Materials and Methods 

Water parameters 

The water parameters in Tumpat lagoon and Terengganu River were measured using multiprobe Hydrolab Quanta. 

The temperature was found in the range of 30.9 to 32.6 °C, dissolved oxygen of 2.70 to 7.52 mg/L and pH of 6.30 to 
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7.41 in Tumpat lagoon. The smaller range of water parameter values was recorded in Terengganu River with 

temperature was in the range of 28.4 to 28.5 °C, and dissolved oxygen of 4.20 to 5.36 mg/L and pH of 7.52 to 8.55. 

The water depth was deeper in Terengganu River than Tumpat lagoon with 1.6 to 3.4 m compared to 0.3 to 1.5 m, 

respectively. Nevertheless, the major difference observed between these two sites was Tumpat lagoon has saline 

water with 29.7 to 30.4 ppt while Terengganu river was a freshwater with a constant salinity of 0.02 ppt. 

 

Collection and preparation of tilapia 

Twenty individual of tilapia samples were collected randomly from each aquaculture farms, Tumpat lagoon and 

Terengganu River (Figure 1) within June to August 2016.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Twenty number of fresh tilapia were collected from (a) Tumpat lagoon, Kelantan and (b) Terengganu 

River, Terengganu 
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The fishes were purchased alive and in fresh condition to maintain the quality of flesh and tissues for LPO analysis. 

Samples were kept cold in ice, transported to the laboratory and prepared at the same day of collection date. The 

body length and weight were measured prior to dissection to collect muscle, gill and liver tissues. Each muscle, gill 

and liver tissue samples were divided for metals and LPO analysis. Tissue samples for LPO were immediately 

stored under -80 ºC temperature condition to prevent deterioration of oxidative activities in the tissue. Glassware 

and apparatus used for metals analysis were soaked in HNO3 10% overnight and rinsed with double deionized 

water.   

 

Metals analysis 
Tissue samples for metal analysis were dried at 60 °C until constant weight was gained. Metal analysis was 

performed by using microwave system digestion as described in Türkmen [16] with some modifications. Targeted 

heavy metals in the tissues (50 mg) were digested in Teflon vessel with 7 mL nitric acid and 1 mL hydrogen 

peroxide in maximum pressure of 100 bar at 300 °C, closed digestion vessels (model – SK10, Milestone, Monroe, 

CT, USA). This device is able to extract ten samples simultaneously with high pressure rotor per batch. Upon 

completion of digestion (approximately 1 hour), the supernatant was thoroughly transferred into 10 mL 

polypropylene tube and meshed up to 10 mL with Milli-Q water. Samples were measured using inductively coupled 

plasma-mass spectrometry Perkin Elmer Elan 9000 (ICP-MS). The same procedures were applied to blank and 

standard reference material (SRM) samples, Dogfish Liver (DOLT-4). The detection limit for each heavy metal is 

shown in Table 1. The quality assurance test was performed using a standard reference material (Dogfish Liver, 

DOLT-4). Mean percentage recovery was calculated to be ranging from 81.3% to 98.7%. Analysis were performed 

in four replicates (n=6) with the error of all analysis within ±25%. 

 

Table 1.  Recovery test result of Dogfish Liver (DOLT-4) by ICP-MS in μg/g dw, n=6 

Metal Limit of Detection* Certified value Analysis value Recovery (%) 

Cd 0.001 24.3 ± 0.8 21.8 ± 0.03 89.7 

Cu 0.650 31.2 ± 1.1 30.8 ± 6.19 98.7 

Pb 0.068 0.16 ± 0.04 0.13 ± 0.02 81.3 

Zn 9.090 116 ± 6 107 ± 55.0 92.2 

 *Detection limit were estimated from standard curve of metals standard solution 

 

LPO analysis 

LPO activity was measured using lipid peroxidation (MDA) assay kit from Sigma-Aldrich, USA. The 

homogenization started with 10 mg of respective tissue samples in 300 µL of MDA lysis buffer saline with 3 µL 

BHT (100x) on ice. The homogenized solution was then centrifuged at 13,000 x g for 10 minutes and the formed 

aliquot was transferred into micro centrifuge tube. The aliquot was added with 600 µL of TBA solution and 

incubated at 95 °C for 60 minutes in MDA-TBA adduct. The determination of MDA in samples was done in 96-

well plates using ELISA plate spectrophotometer at 450 nm wavelength. 

 

Data analysis 

The condition factor of fish was calculated following Fulton’s condition factor by dividing fish body weight (g) 

over [body length]
3
 (cm) and multiplied to 100. The daily intake by Malaysian people was computed by the 

multiplication of measured concentration by 160 g of average weight of fish consumed daily [17]. Statistical 

analysis was conducted using IBM SPSS Statistics 24. T-test was used to determine the significant difference of 

metal concentrations in two study sites, while Pearson correlation was employed to determine the correlation 

between metals and MDA values. 

 

Results and Discussion 

The weight, length and condition factor of tilapia from Tumpat lagoon were in the range of 360 to 800 g, 23.5 to 

35.0 cm and 2.23 to 2.98, respectively. The weight, length and condition factor of tilapia from Terengganu River 
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were found to be in the range of 250 to 498 g, 23.0 to 28.0 cm and 1.78 to 2.72, respectively. Condition factor 

values in these two sites were analysed but no significant difference was found (p >0.05). Thus, environmental 

condition that influences the growth of tilapia in both sites was not much different from each other. The mean of 

moisture in respective muscle, gill and liver of tilapia were calculated as 63.5, 51.2 and 66.6% in Tumpat lagoon; 

and 74.1, 64.1 and 62.8%, in Terengganu River. 

 

The concentration of Cd, Cu, Pb and Zn in respective muscles, gills and liver of tilapia is shown in Table 2. In 

general, the concentrations of all metals were found higher in gills and livers compared to muscles. The higher 

concentration in gills and livers could be explained by metallothionein’s activities, a type of protein which has the 

ability to bind certain metals thus allowing these tissues to accumulate at a high degree [18]. The concentration of 

each metal was found significantly higher in Tumpat lagoon than Terengganu River (marked by asterisk) except for 

Cu in the liver. To our knowledge, no study has reported the level of pollutants in Tumpat lagoon. Therefore, no 

speculation could be made. From our observation, a sandbar has developed in front of the lagoon mouth, limiting 

the water movement especially during low tide. This was confirmed by the cage owner that some of the cultured 

fish normally died after this event. The limitation of water mixing and movement possibly retained metals in tilapia 

at extended period and higher level in Tumpat lagoon than Terengganu River. Copper concentration was extremely 

high in the liver of tilapia from both sites compared to muscles, suggested that liver as the best bioindicator of Cu 

accumulation. 

 

The metals concentrations in this study are presented in both dry and wet weight in Table 2 to ease comparison with 

other reports. Cadmium concentrations in three different tissues from this study were lower than studies listed in 

Table 2. The concentration of Cu in muscles (1.49±0.749 and 1.60±0.736 µg/g dw) and gills (2.10±0.749 and 

1.83±0.348 µg/g dw) in the current study was similar to values reported in River Benue with 1.65 and 2.98 µg/g dw, 

respectively [19]. The sampling location of River Benue received discharge wastes from various food industries 

such as Coca-cola PLC, Benue Breweries PLC plant and rice mills. This could attribute to the presence of such Cu 

level as the distance was only 12 km away from the sampling area. We could neither find distinguish food industry 

near Tumpat lagoon nor Terengganu River. The potential sources of metals were not investigated in the present 

study. However, we observed a small scale of scrap metal warehouse was located near Tumpat lagoon. Private 

motor vehicle workshop also operated near the lagoon where fishermen fix their boats engine and propeller 

potentially added the metals sources into the lagoon. A ship building dock and small jetties were found along 

Terengganu River, with boat wreck were left at the jetty without proper disposal. Hence, metals could potentially 

contribute from current boating activities as well as abandoned boat wreck [20]. Levels of Pb in the current study 

were higher than the concentrations reported in Shing Mun River, Hong Kong [21]. The Shing Mun River was 

claimed as one of the most contaminated river and estuarine region with two major industrial estates. However, no 

major industry could be traced either in Tumpat lagoon or Terengganu River. Therefore, Pb concentrations in tilapia 

in this study require further investigation as the levels were higher compared to the industrial area. However, Zn 

concentration in each tissue of this study was lower than the values reported in Jelebu, Malaysia [22]. The higher 

concentration reported in Jelebu was expected as that area was formerly a tin mining pool, and Zn was present since 

it is associated with Al [23]. 

 

Table 2.  Comparison of metals concentration in muscle, gill and liver of tilapia, µg/g dw (unless noted as ww),  

to permissible level from established standards 

Study Area Tissue Cd Cu Pb Zn Reference 

Tumpat lagoon, 

Malaysia 

(n = 20) 

 

Muscle 0.074±0.068 

(ww = 0.047) 

1.49±0.749 

(ww = 0.946) 

0.790±0.384 

(ww = 0.502) 

15.2±3.75* 

(ww = 9.65) 

This study 

 

 

 

 

 

Gill  0.061±0.041 

(ww = 0.031) 

2.10±0.749 

(ww = 1.08) 

1.26±0.18* 

(ww = 0.645) 

52.5±14.5 

(ww = 26.9) 

Liver 

 

0.395±0.129* 

(ww = 0.263) 

71.1±31.30* 

(ww = 47.4) 

2.14±0.451* 

(ww = 1.43) 

52.6±14.2 

(ww = 35.0) 
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Table 2 (cont’d).  Comparison of metals concentration in muscle, gill and liver of tilapia, µg/g dw (unless noted as 

ww), to permissible level from established standards 

Study Area Tissue Cd Cu Pb Zn Reference 

 

Terengganu 

River, Malaysia 

(n = 20) 

 

Muscle 

 

0.048±0.036 

(ww = 0.036) 

 

1.60±0.736 

(ww = 1.19) 

 

0.567±0.319 

(ww = 0.047) 

 

11.5±1.58* 

(ww = 0.420) 

 

This study 

Gill 0.040±0.034 

(ww = 0.026) 

1.83±0.348 

(ww = 1.17) 

0.673±0.336* 

(ww = 0.431) 

41.5±25.5 

(ww = 26.6) 

Liver 0.078±0.051* 

(ww = 0.049) 

219±91.3* 

(ww = 138) 

0.671±0.453* 

(ww = 0.421) 

43.7±17.3 

(ww = 27.4) 

Jelebu, Malaysia  Muscle  na 1.20±0.100 0.048±0.007 17.5±0.800 [22] 

Gill na 1.90±0.100 0.402±0.070 64.3±3.00 

Liver na 0.007±0.001 0.20±0.02 85.0±6.00 

River Benue, 

Nigeria  

Muscle  0.306 1.65 1.18 5.24 [19] 

Gill 0.351 2.98 1.00 7.15 

Fo Tan River, 

Hong Kong  

 

Muscle  0.540±0.190 2.09±0.56 1.53±0.55 22.4±1.50 [24] 

Gill 1.76±0.130 77.8±6.60 11.0±1.20 77.8±6.60 

Shing Mun River, 

Hong Kong (ww)  

Muscle  0.016±0.009 0.240±0.090 0.247±0.163 17.8±3.60 [21] 

Gill 0.049±0.020 11.3±8.28 0.380±0.150 26.7±8.80 

Liver 0.393±0.173 328±181 0.455±0.168 38.4±9.80 

Mguza Dam, 

Zimbabwe (ww)  

 
0.120±0.020 0.130±0.040 0.430±0.040 1.23±0.140 [25] 

Permissible level       

Department of Health, New 

Zealand  

1.00 30.0 2.00 40.0 [26] 

Department of Health, 

Australia  

0.200 10.0 1.50 150 [26] 

Turkish permissible limit 

(body weight) 

0.100 20.0 1.00 50.0 [27] 

World Health Organization na 30.0 na 2.00 [28] 

Malaysia Food Regulation 

 (ww) 

 1.00 na 2.00 na [29] 

na = not available; dw = dry weight; ww = wet weight; The asterisk indicates the significant difference between two study sites 

(p<0.05). 

 

The comparisons were made with several studies to provide us important information of status of metals 

accumulation in this study compared to other sites. However, this would not be enough to justify if the level is safe 

for human consumption. Therefore, permissible levels from several standards were referred. Comparing to the 

Malaysia Food Regulation [29], Cd and Pb in tilapia in this study were below the permissible level, suggesting that 

the fish is safe for consumption. Since the permissible values are not available for Cu and Zn in Malaysia Food 

Regulation, the other values were referred [26, 27, 28]. Copper level in the muscles and gills of tilapia were lower 

than all permissible values except for liver in both Tumpat lagoon and Terengganu River. Concerning with human 

consumption, livers are normally discarded prior to cooking. Hence, they will not impose any risk to humans. 
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Zinc concentration in all three tissues in this study extremely exceeded the permissible values of World Health 

Organization [28], but lower than permissible value of Department of Health Australia [26]. The concentration of 

Zn in gills and muscles from Tumpat lagoon exceeded Turkish permissible level [27] while Zn concentration in 

Terengganu River exceeded the Department of Health New Zealand [26]. Consequently, Zn content in tilapia 

should be monitored as the level has exceeded permissible level of these established standards. Zinc is one of the 

essential elements with the ability to function as an antioxidant and stabilize membranes especially in preventing 

free radical which induces injury during inflammatory processes [30]. However, the excess of Zn accumulation in 

human body can lead to local neuronal deficits, epigastric pain, diarrhea and elevated risk of prostate cancer [31].   

 

Besides Malaysia Food Regulation, Malaysian government has not established the maximum permitted level of 

metals in fish. Therefore, standard values from Food Standards Australia and New Zealand (FSANZ) and Joint 

Expert Committee on Food Additives (JECFA) were referred to estimate the amount of daily consumption in 

humans [17] as shown in Table 3. The determination of seafood ingested per week is based on Laurenti [32] where 

author claimed the fish consumption in Malaysia is as high as 57.7 kg/year. This gives out an average estimation of 

1.11 kg/week or approximately 160 g/day of fish consumed by Malaysian people. The daily intake by Malaysian 

people was computed by the multiplication of measured concentration by 160 g of average weight of fish consumed 

daily [17]. Comparing this to Malaysia Food Regulation, the daily intake of Cd and Pb were lower than the 

maximum permitted levels. The concentration level of Cu and Zn in this study was also lower than the standard 

value, except for Cu in the livers. Hence, as long as they do not ingest the livers, tilapia from this study are safe for 

consumption. 

 

Table 3.  Summary of dietary intakes for measured metals with daily consumption of 160 g of tilapia  

and comparison with food standards 

  Cd Cu Pb Zn 

Standards FSANZ RDI (mg/day)
a
 na 3.00 na 12 

FSANZ ML (mg/kg)
a
 na 5.00 0.500 130 

JECFA (mg/day)
a
 na 30.0 3.6 1000 

Malaysia Food Regulation
b
 0.159 na 0.317 na 

Measured concentration (µg/g ww) Tumpat lagoon     

Muscle 0.047 0.946 0.502 9.65 

Gill  0.031 1.08 0.645 26.9 

Liver 0.263 47.4 1.43 35.0 

Terengganu River     

Muscle  0.036 1.19 0.047 0.420 

Gill 0.026 1.17 0.431 26.6 

Liver 0.049 138 0.421 27.4 

Intake (mg/day) Tumpat lagoon     

Muscle
a
 0.008 0.150 0.080 1.53 

Gill
a
 0.005 0.171 0.102 4.69 

Liver 0.042 7.52 0.227 5.55 

Terengganu River     

Muscle
a
 0.006 0.189 0.008 0.067 

Gill
a
 0.004 0.186 0.068 4.22 

Liver
a
 0.008 21.9 0.067 4.35 

na = not available; a Values referred from [27]; bcalculated to daily consumption of 160 g tilapia; bold values 

indicate the value exceeding standards regulation 
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Biochemical endpoints have been employed to find the correlation between the metal bioaccumulation and stress 

level in fish [33, 34]. This technique is useful to recognize and identify subtle and early effects of contaminants [33, 

35, 36]. LPO is one of the stress indicators formed from the oxidative deterioration of polyunsaturated lipids in the 

cell membranes and organelles. Malondialdehyde (MDA) is a LPO byproduct, generally used as a sign of cellular 

injuries [37]. Among these studied metals, Cu is most likely to enhance LPO as Cu will readily cycle between the 

cupric (Cu
2+

) and the cuprous (Cu
2+

) oxidation states, an activity that associated with the generation of hydroxyl 

radicals (.OH) [35, 38]. In the current study, LPO was measured in each tissue through the MDA values to see their 

correlation to metal concentrations. Since high concentrations of Cu were measured in the liver of tilapia from both 

sites, high concentrations of MDA in the liver was expected. The MDA values in the liver of tilapia from Tumpat 

lagoon results seem to support the assumption but the calculated values in Terengganu River was not as expected 

(Table 4).  

 

Pearson correlation also justified low correlation between metals in tissues to the MDA values (Table 4). Despite of 

that, previous studies have reported increases in LPO with increasing metal exposure in fish [39, 40, 41]. Their 

investigation was performed in the laboratory exposure experiment, hence they can conclude in a better picture of 

metal concentrations and inductions of LPO. The measurement of LPO in the current study could be influenced by 

various factors such as tidal patterns, weather conditions, and sewage effluent as the fish was collected from the 

field and analysed right away in the laboratory. Therefore, in order to clearly identify the LPO as a bioindicator of 

metal pollution, a laboratory experiment should be conducted in the near future.     

 

Table 4.  Pearson correlation of metals and MDA in muscle, gill and liver of tilapia from Tumpat lagoon  

and Terengganu River 

Tumpat Lagoon MDA Muscle 

(0.068±0.026 nmole/µL) 

MDA gill 

(0.894±0.365 nmole/µL) 

MDA liver 

(1.12±0.524 nmole/µL) 

Cd -0.279 0.625 -0.597 

Cu 0.106 0.304 -0.405 

Pb -0.123 0.052 0.122 

Zn 0.037 0.002 0.363 

Terengganu River MDA muscle 

(0.031±0.028 nmole/µL) 

MDA gill 

(0.074±0.050 nmole/µL) 

MDA liver 

(0.085±0.029 nmole/µL) 

Cd 0.699
*
 -0.006 -0.236 

Cu 0.285 -0.038 -0.248 

Pb -0.074 0.003 0.582 

Zn -0.173 -0.007 0.740
*
 

*Significant at α = 0.05; bold font indicates moderate correlation 

 

 

Conclusion 

The concentration of Cd, Cu, Pb and Zn were consistently higher in the gills and livers than muscle tissues of tilapia 

from both Tumpat lagoon and Terengganu River. This indicates their ability to accumulate those metals. Compared 

to the established permissible level, the concentration of studied metals was low except for Zn concentration in the 

livers. However, liver normally discarded before cooking and not consumed by local people. The estimation of daily 

intake also concludes that tilapia is safe for consumption as long as liver is removed from their meal. Copper and Pb 

concentrations in tilapia were comparable to tilapia collected from industrial area, hence continuous monitoring 

should be done as part of environment and human safety. The LPO activity was measured in each tissue to represent 

biological effects in fish. Pearson correlation showed inconsistent correlation between MDA, byproduct of LPO to 

metals concentration, hence not a suitable indicator of metals concentrations in the current study. This could 
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possibly due to various factors that lead to oxidative stress in natural conditions. Therefore, to clearly justify the 

induction of LPO in fish due to metals accumulation, a control laboratory experiment should be carried out as it is 

previously proven as a good biomarker for metals. 
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