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Abstract:- A study was conducted from December 2017 

to September 2018 to assess the concentrations of some 

elements (Cu, Zn, As, Cd and Pb) in the muscles of two 

fish species, Cirrhinus mrigala (herbivore) and Wallago 

attu (carnivore) from the Ayeyawady River segment, 

Magway Township. The mean values of selected 

elements in C.mrigala were -0.230 mg/L for Cu, 0.452 

mg/L for Zn, -1.154 mg/L for As, 0.118 mg/L for Cd and 

-0.026 mg/L for Pb. In W.attu, the mean concentrations 

of selected elements were -0.264mg/L, 0.657 mg/L, -4.238 

mg/L, 0.066 mg/L, and 0.865mg/L for Cu,  Zn,  As, Cd, 

and Pb respectively. Different species of fish showed 

interspecific variation of heavy metals. In this study, 

carnivorous fish (W.attu) was detected with elevated 

concentrations of Zn and Pb whereas herbivorous fish 

(C.mrigala) showed higher concentration of Cu, As and 

Cd. Relation between element concentrations and fish 

size demonstrated that significant negative relation 

occurred between body size (total length and body 

weight) and Cu, Zn concentration of C.mrigala, and 

between body weight and Cu concentration, between 

total length and As concentration of W.attu. Significant 

positive relation occurred only between body weight and 

Cd concentration of W.attu. Generally concentrations of 

element in studied fish species were found within the 

range of WHO/FAO permissible limit. 
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I. INTRODUCTION 

 

Ayeyawady River is the important aquatic resource of 

Myanmar and Fishery occupy a unique position in the 

agricultural sector of the Myanmar economy. In Magway 

area, a majority of freshwater fish for consumption offered 

at local markets are harvested from Ayeyawady River. The 

air and water may be polluted due to current stage of 

industrialization, the demand for improved quality of life 

and improper management of municipal and agricultural 

wastes in this area. Canli and Atli, 2003 [cited in 1] pointed 

out that the essential and nonessential heavy metals may 
appear as potentially harmful elements for most aquatic and 

terrestrial organisms at some concentrations of uptake. They 

also proposed the serious contaminants of elements due to 

their persistence and remarkable tendency to be 

concentrated in organism tissues. 

 

Normally, metals occur in small amount of 

concentrations in aquatic ecosystems at the nanogram to 

microgram per liter level. In the present times, the rate of 

metal concentrations particularly the excess of heavy metals 
has become a problem of challenging concern. The rapid 

growth of population, increased urbanization, and expansion 

of industrial activities, exploration and exploitation of 

natural resources, extension of irrigation and other modern 

agricultural practices as well as the lack of environmental 

regulation cause increasing metals in waters [2]. 

 

According to Don-Pedro et al, heavy metals can cause 

high pollution due to their relative high toxicity and 

persistent nature in the environment. For that reason, the 

changing concentrations and distribution of heavy metals 

and their compounds in various compartments of the 
environment is a main concern for good environmental 

management programs all over the world [3] . 

 

Iron, zinc, manganese and copper are the group of 

essential trace elements for maintaining cellular function 

and are components of numerous metal-containing enzymes. 

Essential metals may exert beneficial or harmful effects on 

plant, animal and human life depending on their 

concentration. Metals come into the aquatic environment 

from various natural and anthropogenic sources. 

Contamination of aquatic ecosystems by heavy metals can 
be tested in water, sediment and organisms [4].  

 

Fishes are often considered the bioindicators of aquatic 

ecosystem because they occupy high trophic level and are 

important food source for human [3]. Metal contents in the 

tissues and organs of fishes were used as indicators of the 

metal concentrations in water and their accumulation in 

natural ecosystem [3]. Fishes are widely used as biological 

monitor variables to detect environmental levels of 

anthropogenic pollutants accordingly to their ecological 

characteristics, and their economic usefulness [5]. 

Furthermore, fishes are at the end of the aquatic food chain 
and may accumulate metals and pass them on to human 

beings when consumed as food, causing chronic or acute 

diseases [5]. 
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Information on trace metal concentrations in 

commercial fish and assessment of the possible risk of fish 
consumption for human health are important for 

environmental management. Different parts of fish such as 

gills, liver, kidneys and muscles have been widely 

investigated for heavy metals [6] .Although muscle is not 

active tissue for accumulating the heavy metals, except 

mercury, the study of potential metal accumulation in 

muscle is justified because it is the edible part of the fish for 

humans [7]. 

 

The objectives of the present study were: 

 to investigate some elements (Cu,  Zn, As, Cd and Pb) 

concentrations in the muscle tissue of, Cirrhinus mrigala 
and Wallago attu collected from the Ayeyawady  river 

segment, Magway Township  

 to record interspecific differences in the contents of these 

metals between  study species of different feeding types 

 to evaluate the relationship between fish size (length and 

weight) and heavy metal concentrations in muscle tissue 

of two fish species.   

 

II. MATERIALS AND METHODS 
 

Ayeyawady River segment, Magway Township situated 
at 20° 09' N and 94° 55' E was chosen as the study area to 

examine some element concentrations  in  two  commercially 

important fish species (Cirrhinus  mrigala, and Wallago  attu) 

(Fig. 1). Study period lasted from December 2017 to 

September 2018. Ten specimens for each species were 

purchased for each test from fisherman who was fishing in 

the Ayeyawady River of study site. Feeding habits of target 

fish species were assigned in accordance with Talwar and 

Jhingran. [8] The length and weight of sample fish were 

recorded. Seven gram of dorsal muscles from each of five 

individuals in each species were extracted and integrated, 
then, placed in a purified petri dish. Each petri dish was 

dried to obtain constant weight of selected muscles. The 

prepared samples were sent to Universities Research Center 

(URC), Yangon for analysis of element concentrations. The 

concentrations for copper (Cu), zinc (Zn), arsenic (As), lead 

(Pb) and cadmium (Cd) were analyzed tri-replicates by 

Elmer Flame Atomic Absorption Spectrometer (FAAS) 

(Perkin AAanalyst 800 and Winlab-32 software). 

 

 
Fig. 1:- Map of the study area (Ayeyawady River segment, 

Magway Township) 

Source: Google Earth, 2018 

III. RESULTS AND DISCUSSION 

 
This study was carried out to investigate some 

elements (Cu, Zn, As, Cd and Pb) concentrations in the 

muscle tissues of two commercially important fish species 

(Cirrhinus mrigala and Wallago attu) from Ayeyawady 

River segment, Magway Township.  

 

The total length of herbivorous fish (C. mrigala) 

ranged from 23.5cm to 47.3 cm, and that of carnivorous fish 

(W. attu) ranged from 20.6cm to 59.2cm. The body weight 

of herbivorous C. mrigala ranged from 120g to 510g while 

that of carnivorous W. attu ranged from 120g to 405g (Table 

1). 
 

Cu and Zn are vital element and are carefully regulate 

by physiological mechanisms in most living things. On the 

other hand they are regarded as potential hazards that can 

cause danger to both animal and human fitness. Knowledge 

of their accumulation in fish is important with respect to 

management of nature and human fish eating [10]. 

 

According to Monteiro et al ,Copper (Cu) is an 

essential trace metal as well as micronutrient for cellular 

metabolism in living organisms in consequence of being a 
significant component of metallic enzymes [11] .Although, 

Hernandez  et al reported that it can be particularly toxic to 

intracellular mechanisms in aquatic organisms at high 

concentrations which exceed normal levels[11]. In the 

present work, copper concentration of C. mrigala ranged 

during -0.802 mg/L and 0.092 mg/L and in W. attu, it ranged 

from -0.786 mg/L to 0.003 mg/L. The levels of copper in the 

muscle tissue of studied fishes were far from the permissible 

limit (0.5 mg/L) set down by WHO / FAO guidelines (Table 

2 and Fig 2). In 2012, Khin  Nwe Yi investigated the level 

of selected metals (Fe, Zn, Mn, and Cu) in Labeo rohita, 

Salmostoma  sardinella, Mystus  cavasius, Ompok  
bimaculatus, Wallago   attu and Clupisoma  prateri  from  

Ayeyawady  river, Magway area . The highest accumulation 

of Cu (0.281 ppm d.w) in O.bimaculatus and the lowest 

(0.176 ppm d.w) in M. cavasius were observed in her study 

[12]. 

 

Ross et al stated that Zinc is a very important essential 

element for animals and almost 300 mammalian enzymes 

are related to Zn [13]. According to Eisler, although Zn is an 

essential element because it is carefully keeping up by 

physiological mechanisms in most organisms [14], it is also 
regarded as a possible risk that can endanger both animal 

and human health. Agency for Toxic Substance and Disease 

Registery suggests that ingesting high levels of zinc for 

several months may cause anemia, damage the pancreas, 

and decrease levels of high-density lipoprotein (HDL) 

cholesterol [14]. In the present study Zn values ranged from 

0.329 mg/L to 0.533 mg/L in C.mrigala, and 0.373 to 0.836 

mg/L in W.attu. Zn in the muscle tissues of studied species 

was lower than the permissible limit (30 mg/L) set down by 

WHO/FAO guidelines (Table 2 and Fig. 2).  In this study 

the concentration of Zn was too high as compared with Cu 
level. Khin Nwe Yi (2012) recorded the lowest Zn values of 

3.859 ppm d.w in L. rohita   and the highest 7.567 ppm d.w 
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in S. sardinella [12]. She also displayed that zinc was the 

second highest accumulated metal in the muscles of her 
studied species. Ambedkar and Muniyan stated that the 

highest amount of Zn in the selected organs of their five 

different fish were owing to the presence of agricultural 

activities finally find its way into the ambient media through 

leaching[15]. Also in this area, there are many agricultural 

activities around the study site. 

  

Saha reported that arsenic is the most possible toxic 

heavy metals present in the environment and originates from 

both natural and anthropogenic processes [16]. In the 

present study, arsenic  concentration  in  the muscle tissue of 

C. mrigala  ranged from -3.440 mg/L to      - 0.002 mg/L  
and, in  W. attu  it  ranged from  -11.86 mg/L  to -0.004 

mg/L. The concentration level of As in muscle tissue of 

fishes studied were found to lower the limitation range of 

WHO (0.26mg/L) (Table 2 and Fig. 2).  In 2017, Cho Cho 

Thin studied the relations of some essential and toxic 

elements on different feeding types of some freshwater 

fishes along the Ayeyawady River segment, Salay environs. 

The lowest and highest concentration of As (-3.07mg/L in 

Notopterus   notopterus and 4.89 mg/L in Channa   punctatus) 

were mentioned in her study. 

 
According to Waalkes, cadmium effect in kidneys to 

injuries and chronic toxicity, including destruction of kidney 

function, poor reproductive capacity, hypertension, tumours 

and hepatic disfunction[17]. Cadmium is highly non-

essential heavy metal and it does not play in biological 

process in living organisms. Therefore, even in low 

concentration, cadmium could be risky to living organisms 

[15]. According to the results of the present study cadmium 

concentration of C. mrigala ranged from -0.001mg/L to 

0.251mg/L and that of W. attu  ranged from 0.025mg/L to 

0.137mg/L. The level of Cd in muscle tissue of studied 

fishes were found below the limitation range of  0.5mg/L as 
proposed by the FAO (1983) (Table 3 and Fig. 2).[18] In all 

studied fishes of Theik  Htet  Aung (2014), the accumulation 

of Cd was not detected [19]. Cho Cho Thin (2017), observed 

the lowest and highest values of Cd (-0.07 mg/L and 2.151 

mg/L) in her studied fishes.  

 

Rompala et al. reported that lead is one of the most 

toxic heavy metals. The effects of lead include delayed 

embryonic development, suppressed reproduction and 

inhalation of growth, increased mucous formation, 

neurological problems, enzyme inhalation and kidney 

disfunction [20]. In this study, bioaccumulation of lead in C. 

mrigala ranged between -0.503 mg/L and 0.717 mg/L while that 
of W. attu was between -0.488 mg/L and 2.450mg/L. Only the 

highest Pb value (2.450mg/L) from W. attu was slightly 

above the (WHO / FAO) permissible limit (2 mg/L). 

However, the mean value of Pb (0.865mg/L) was below the 

permissible limit of WHO/FAO guideline. In 2014, Thike 

Htet Aung recorded the lowest and highest Pb values (1.39 

and 2.03ppm) of his studied fish species (Mystus cavasius, 

Mystus leucophasis and Wallago attu) [19]. The lowest 

value (-4.09 mg/L) and the highest (7.252 mg/L) of Pb 

concentration were recorded in the investigations of Cho 

Cho Thin (2017) [3]. In present study, Pb value was slightly 

higher than records from Thike Htet Aung [19]. This may be 
due to the fact that the study area is located closer to the 

human activities, releases during the usages of pesticides 

and disposal of metal products. 

 

During study period, mean values of element  

concentration were observed -0.230 mg/L (Cu), 0.452 mg/L 

(Zn), -1.154 mg/L  (As), 0.118 mg/L (Cd) and  -0.026 mg/L 

(Pb), in C.mrigala  whereas -0.264 mg/L (Cu), 0.657 mg/L (Zn)   -

4.238 mg/L (As) , 0.066 mg/L (Cd) and 0.865 mg/L (Pb)  in 

W.attu (Table 3). 

 
In this study, the orders of element concentrations 

were found Zn> Cd > Pb > Cu > As for C. mrigala and Pb > 

Zn >Cd> Cu >As for W.attu. Heavy metal and trace elements 

differ in their accumulation levels and patterns depending on 

fish species as well as on a fish tissue (Rashed, 2001) [21]. 

There are variation of toxic heavy metal levels and patterns 

depending on fish species in present study. 

 

The accumulation of metals in fish tissues depends on 

numerous factors such as environmental concentrations, 

environmental conditions (PH, water temperature, and 

hardness), exposure time, and species- specific living and 
feeding habits (Moore and Ramamoorthy 1984, Deram et 

al., 2006, Lalonde et al., 2011) [22]. Many studies attributed 

high metal accumulation to the feeding habit of the fish. 

Although Khaled (2004) argued that herbivore accumulated 

higher concentration of metals in the muscles than the 

carnivore [23], Moselhy et al., 2014, observed that the 

herbivore had the lowest concentration of metals in most 

cases of their study [24]. In present study, herbivore had 

lower bioaccumulation of Zn and Pb, however, Cu, As and 

Cd concentrations of carnivorous fish (W.attu) showed 

lower concentration than herbivorous fish (C.mrigala). 
 

Species 
Total length (cm) Body weight (g) 

No. of specimens 

 Range Mean Range Mean  

Cirrhinus mrigala 23.5 – 47.3 29.13 ± 5.75 120 – 510 226.26  ± 102.28 15 

Wallago attu 20.6 – 59.2 40.74  ± 13.62 120 – 405 193.27  ± 66.64 15 

Table 1:- Size of the sample fish species 
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Relation between selected element concentrations 

and fish size demonstrated that significant negative relation 
occurred between body size (total length and body weight) 

and Cu, Zn concentration of C.mrigala, and between body 

weight and Cu concentration, between total length and As 

concentration of W.attu. Significant positive relation 

occurred only between body weight and Cd concentration 

of W.attu (Fig.3-9). Remaining relationship between body 

weight, body length and selected element concentrations in 

the study species showed no significant. Scerbo et al. 

reported that the concentration of metal in fish tissue is 

generally related to the age of the fish and consequently, 

on size and length [25]. But the concentrations of selected 

metals in the current samples did not correlate mostly with 
fish size. 

 

Analysis performed in this study revealed the 

existence of differences in concentrations of the assessed 

elements between the study species. The bioaccumulation 

of Cu, Zn, As, Cd and Pb in the muscle tissue of studied 

fish species were usually below the permissible limit of 

WHO/FAO guide lines, which indicates the meat of 

studied fish species should be safe for utilization in human 

diet. 

 

 

 
Fig. 2:- Heavy Metal Concentrations of the Studied Fish 

Species Compared with WHO Standards 

 

 
Fig. 3:- Relation between total length and Cu concentration 

in Cirrhinus mrigala 

 
Fig. 4:- Relation between body weight and Cu concentration in  Cirrhinus  mrigala 

 

 

 
Table 2:- Element concentrations of the studied fish species 
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Species 
Feeding 

type 

Mean value of Heavy metal concentration 

Cu(mg/L) Zn(mg/L) As(mg/L)  Cd(mg/L)  Pb(mg/L) 

Cirrhinus mrigala Herbivore -0.230±0.49 0.452±0.10 - 1.154 ± 1.93  0.118 ± 0.13  - 0.026 ± 0.65 

Wallago attu Carnivore 
-0.264± 

0.45 
0.657± 0.24 - 4.238 ± 6.61  0.066 ± 0.06  0.865 ± 1.48 

Table 3:- Variation in total mean value of element concentrations in the muscle tissues of studied fish species in accordance with 

feeding type and habitat 

 

                         
Fig. 5 Relation between total length and Zn                         Fig. 6 Relation between body weight and Zn concentration in 

concentration in Cirrhinus mrigala                                                              Cirrhinus mrigala 

 

                         
    Fig. 7 Relation between body weight and Cu                        Fig. 8 Relation between total length and As concentration in   

             concentration in Wallago attu                                                             muscle tissue 

 

 

 
Fig. 9 Relation between total body weight and Cd concentration in muscle tissue of Wallago attu
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IV. CONCLUSION 

 
Although There are varying degree of chemical 

pesticides and fertilizers utilizations in the agricultural 

fields and waste disposals of domestic activities around the 

riparian land in the study area, the results of the present 

study showed that the levels of elements bioaccumulated in 

muscle tissues of Cirrhinus mrigala and Wallago attu 

usually did not exceed the permissible limit of WHO/FAO 

guide lines. Therefore, these fishes in this area of study did 

not pose any threat to human upon their consumption. 
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