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Abstract 

Severe heavy metal contamination in freshwater ecosystems and significant health risks can result 

from mining activities. The current study aimed to assess the seasonal variations of heavy metal 

concentrations (lead, cadmium, arsenic and mercury) in fishes (Wallago attu and Cirrhinus 

mrigala) and their environs (water and sediment), Chindwin River segment, Homalin Township, 

Sagaing Region. The analysis was conducted using a Flame Atomic Absorption Spectrometer at 

the Universities’ Research Centre of the University of Yangon and the Water Quality Laboratory 

in Yezin, Nay Pyi Taw. The study spanned from December 2022 to November 2023. Heavy metal 

concentrations were found to vary depending on the seasons (hot, rainy and cold) and species. The 

highest concentrations of Pb were recorded in both Wallago attu and Cirrhinus mrigala during the 

hot season. However, the concentrations of As, Hg, and Cd in the studied fish species were 

recorded within the maximum permissible limits set by the World Health Organization/Food and 

Agriculture Organization (WHO/FAO). These findings suggest that the fish, water and sediments 

in the study area may not be entirely safe from toxic metal contamination. The observed values for 

all tested metal concentrations of studied fish species and their environments, except for water, 

were below the maximum permissible limits, indicating a relatively lower risk of contamination.  

Key words: Fish muscle, Water, Sediment, Metal Concentration 

 

Introduction 
Heavy metals represent a significant group of aquatic pollutants with persistent 

characteristics, leading to bioaccumulation within aquatic biota through the food chain. The entry 

of these pollutants into aqutic environments is primarily attributed to anthropogenic activities 

such as mining, industrial processes, and agricultural practices. Among the toxic heavy metals of 

concern, arsenic (As), cadmium (Cd), mercury (Hg), and lead (Pb) pose severe threats to 

ecosystems.    

Non-essential heavy metals As, Cd, Pb and Hg affect human health through food chain 

(Jarup, 2003). Toxic effects of Pb, Cd and Hg have been reported even at trace concentrations 

and they are not essential for human body (Goyer, 1995). During gold recovery Hg directly 

contaminates soil, water and air, finally reaching sediments where it is converted to 

methylmercury (MeHg), absorbed by plankton, whereby entering the food chain (Selin, 

2009).Humans also get directly exposed from Hg vapor inhalation, in any case, both Hg species 

are highly to the nervous system (Aschner and Aschner, 1990), causing sensory and mental 

disturbances, motor and cognitive dysfunction, ataxia, constriction of the visual field, audition 

problems (Harada, 1995), as well as deleterious effects on the renal, pulmonary, cardiovascular, 

digestive and immune system (Bernhoft, 2012; Frodello et al., 2000; WHO, 2016), among others.  

The Chindwin River, situated in the Sagaing Region of Myanmar, stands as one of the 

country’s most significant rivers. The upstream areas of the Chindwin River Basin, 

encompassing Mahar Myaing, Htmanthi, and Hukaung valleys, boast diverse ecological 

conditions and habitats critical for the basin’s healthy ecosystem functioning. However, these 

components of riverine biodiversity face threats from deforestation, mining, and illegal fishing 

activities. The use of chemicals in illegal mining poses additional risks to inland fishing 

activities. 

Artisanal gold mining is said to be on the increase and it is said to be the major 

contributor of metals in surface and groundwater because of indiscriminate use of mercury (Hg) 
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and other chemicals, which are detrimental to human health during mining activities (Donkor et 

al., 2006). Small-scale gold mining all over the world is noted for its effects on water bodies 

through pollution of both ground and surface waters, because its activities by nature make use of 

a lot of water thereby seriously polluting water resources (Cunningham et al., 2005; Owens et al., 

2005). 

Fish is one of the indicators of heavy metals pollution in water. Due to fish consuming 

heavy metal toxicity affect in the human body. Fish populations are declining due to illegal 

fishing and gold mining. This mining activities can be caused the degradation of breeding 

grounds and habitat loss for aquatic animals in the Chidwin River.  The fisheries and fish 

populations of the Chindwin River have been affected by water pollution caused or otherwise 

adversely affected by gold mining, logging and agricultural expansion (Win Maung, 2021).  

Gold mining is one of the main occupations of the people living along the banks of 

Chindwin River. This mining activities contaminate the river water and cause harmful aquatic 

animals. As a result, the present study aims to assess and evaluate the presence and levels of 

specific heavy metals, specifically cadmium, lead, mercury and arsenic, in fish.  

Wallago attu (Bloch & Schneider , 1801) , (locally known as Nga-bat), Cirrhinus mrigala 

Hamiton 1822 locally known as Nga-Gyin ) and their surrounding environments (water and 

sediment) within the Chindwin River segment of Homalin Township. This research is pivotal in 

understanding the extent of heavy metal contamination in the Chindwin River segment of 

Homalin Township, providing essential insights for effective environmental management and 

conservation strategies. To determine the heavy metals (Pb, Cd, As and Hg) concentrations in 

muscle of fishes and to assess the metal contents in water and sediments of the river. 
 

Materials and Methods 
Study Area 

Chindwin river segment of Myin Thar Yae Lae village, Homalin township, Sagaing 

Region situated between 24º 50ʹ 19ʺ N and 94º 56ʹ 20ʺ E was selected as the study area to 

analyze element concentrations in some fish species and their environs (water and sediment) 

(Fig. 6 and 7). It is used for irrigation, mining, drinking and fisheries. The quality of this 

ecosystem has been degrading due to gold mining and human activities. Therefore, it has been 

selected as a study area to investigate the heavy concentrations.  

Study Period 

Study period lasted from December 2022 to November 2023. 

Collection of Samples 

                        
 

                   

              Plate 1. Collected species for the analysis of heavy metals  

A total of 15 specimens of fish species (Wallago attu, Cirrhinus mrigala) were collected 

seasonally from local fishermen (Plate 1). Identification of studied fish was carried out follow 

after Talwar and Jhingran (1991) and Fish Base 2013.Collected specimens were washed by tap 

water until the contamination on the body surface was runoff. Total length (cm) and body 

weights (g) of specimens were measured. After that, they were dissected using stainless steel 

scalpels and forceps. A part of the tissue was removed and weighed. Samples were put into an 

oven to dry at 90°C and until reached constant weights. After that they were stored at low 

Wallago attu (Nga-bat) Cirrhinus mrigala(Nga-Gyin) 
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temperature until digestion. Digestion of the samples carried out according to dry method by 

using furnace (Model-L-3383). Water and sediment samples were also collected seasonally at 

study site during the study period. 

 

Sample preparation  

Preparation of water and sediment 

 Each water sample was filtered through a 0.45 μm Whatman filter. The sample was 

analyzed directly. 

The sediment sample was sun dried, grounded and sieved with 200 mm sieve to obtain a 

find powder 1.0 g of dried sediment sample in a crucible was placed in a furnace at 200°-250° C 

for 30 min, and then ashed for 4 hours at 480° C. Then the sample was removed from the furnace 

and cool down, 2mL of nitric acid was added and evaporated to dryness on sand bath. Then, 2 

mL of concentrated HCl was added and transferred to furnace in which the temperature was 

raised slowly to 450° C and hold at this temperature for 1 hour. The crucible was then removed, 

cooled and 50mL of deionized water was added. The solution was filtered through 0.45µm 

Millipore filter paper and then transferred to 25 mL volumetric flask by adding distilled water.  

The digested sediment sample was analyzed for heavy metals using the Flame Atomic absorption 

spectrometer (FAAS) (Perkin Elmer AAanalyst 800 and Winlab-32 software) Universities’ 

Research Centre (URC) and Water Quality Laboratory, Yezin at Nay Pyi Taw. 

Preparation of fish 

Tissue samples were dried to constant weight in an oven and dried samples were weight 

and stored in airtight containers. Digestion was conducted according to dry method. Five grams 

of dry sample was placed into crucible. And then transfer to a furnace (Model-L3383) and slowly 

raise temperature to 500° C for 2 hours. Samples were allowed to ash overnight. Once remove, 

samples were allowed to cool in room temperature and 5 mL nitric acid were added and swirl. 

After that 10mL HCl were added. The digestion was transferred to furnace and slowly raised 

temperature to 500° C and hold at this temperature for 1 hour. The crucible was removed, cooled 

and added 50mL deionized water and transferred to volumetric flask.  

 

Chemical Analysis 
The concentration of elements (Mercury, Arsenic, lead and cadmium) in muscle of 

studied fish species and aquatic environs of study area were analyzed tri-replicates by Flame 

Atomic Absorption Spectrometer (FAAS) (Perkin Elmer AAanalyst 800 and Winlab-32 

software) in Universities’ Research Centre (URC) at University of Yangon and Water Quality 

Laboratory, Yezin at Nay Pyi Taw. The results were compared with WHO/FAO maximum 

permissible limits and U.S. Environmental Protection Agency (EPA) guidelines. 
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Figure. 1 Map of the study area and study site 

 

Results 

The concentrations of heavy metal (lead, cadmium, arsenic and mercury) in fish species 

(Wallago attu and Cirrhinus mrigala), water, and sediment in the Chindwin River segment, 

Homalin Township, were analyzed seasonally. Seasonal variations of test results were compared 

with (WHO/FAO) permissible limits for fish and water and the U.S. Environmental Protection 

Agency (EPA) guidelines for sediment. 

The total length and weight of studied species were recorded in Table 1. The 

concentration of lead (Pb) was found to be highest in Wallago attu in three seasons. In hot 

season, this metal concentration of Wallago attu was found to be over the recommended 

maximum permissible limit WHO/FAO (Fig. 2). 

The concentration of cadmium (Cd) in Wallago attu was also found to be highest in three 

seasons but it remained lower than the WHO/FAO permissible limits (Fig. 3). 

The value of Arsenic in Wallago attu was not detected in three seasons throughout the 

study period (Fig. 4). 

Lead (Pb) concentration in Cirrhinus mrigala was detected in three seasons but it was not 

over the WHO/FAO permissible limit except the hot season (Fig. 2). 

The value of cadmium (Cd) in Cirrhinus mrigala was observed in three seasons and 

within the WHO/FAO permissible limits (Fig. 3). 

Arsenic (As) content of Cirrhinus mrigala was found to be highest in rainy season but 

this value was not exceeded the WHO/FAO permissible limit (Fig. 4). 

The concentration of mercury (Hg) in studied species (Wallago attu and Cirrhinus 

mrigala) was recorded in same value (0.003 mg/L) in hot season and below the WHO/ FAO 

permissible limits (Fig. 5). The concentrations of mercury in remaining seasons (cold and rainy) 

were not detected. 
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The value of lead contents in water was recorded to be higher than the WHO/FAO 

recommended limit in hot season. Cadmium, arsenic, and mercury contents in water were within 

the WHO/FAO maximum permissible limits (Fig. 6). 

Test metal (Pb, Cd, As, and Hg) concentrations in sediment were found within the U.S. 

Environmental Protection Agency (EPA) guidelines during the study period (Fig. 7).     

Table 1 Length and weight of studied fish species during study period 
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Figure. 2 Seasonal variation of lead concentration in studied fish species 

 

 

 

 

 

 

Sr. 

No. 
Species Season Number 

Mean Total 

Length (cm) 

Mean Body 

Weight (g) 

1 
Cirrhinus 

mrigala 

Hot 5 21.6 ± 6.10 
108.8

8 
± 115.87 

Rainy 5 18.4 ± 3.86 54.18 ± 28.12 

Cold 5 16.64 ± 0.48 38.72 ± 4.10 

2 
Wallago 

attu 

Hot 5 37.94 ± 6.02 
243.3

2 
± 123.26 

Rainy 5 17.78 ± 4.06 20.32 ± 8.69 

Cold 5 26.28 ± 0.61 74.44 ± 6.81 



74 J. Myanmar Acad. Arts Sci. 2025 Vol. XXII. No.3 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Hot Rainy Cold

C
o

n
ce

n
tr

at
io

n
 (

m
g
/L

)

Season

Cadmium

Wallago attu

Cirrhinus mrigala

WHO/FAO

 
 

 

 

Figure.3 Seasonal variation of cadmium concentration in studied fish species 
 

 

 

 

 

 

 
 

 

Figure. 4 Seasonal variation of arsenic concentration in studied fish species 
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Figure. 5 Seasonal variation of mercury concentration in studied fish species 
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Figure. 6 Seasonal variation of metals concentration in water samples 
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Figure. 7 Seasonal variation of metals concentration in soil samples 
 

 

Table 2 Maximum permissible limit of metal concentrations (mg/L) stated in WHO and 

FAO guidelines and U.S. Environmental Protection Agency (EPA) (µg/g) 

  

Sr. no. Metal 
WHO/FAO limit 

WHO/FAO  

limit 
US EPA 

Muscle Water Sediment 

1 Pb 0.3 0.05 400 

2 Cd 0.5 0.01 78 

3 As 0.5 0.01 0.4 

4 Hg 0.5 0.006 0.1 

 
 

Discussion 
 

 The present study was aimed to investigate the concentrations of heavy metals (Pb, Cd, 

As, Hg) in fish species (Wallgo attu and Cirrhinus mrigala) and their surroundings (water and 

sediment) collected from the Chindwin River segment of Homalin Township. Moreover, the 

heavy metals contents found in tested samples (fish, water, and sediment) were compared 

WHO/FAO maximum permissible limits and U.S. Environmental Protection Agency (EPA). The 

levels of heavy metals were analyzed in this species due to its significance for human 

consumption. The gold mining activities reveals crucial insights into the differential responses of 

herbivorous and carnivorous fish species to heavy metal contamination.  

Ahmed and Hossam (2013) reported high Cd and Pb concentrations in the muscle tissue 

of Clarias gariepinus during the summer and the lowest concentrations in winter of the study 

area and these concentrations in muscle were under the permitted in all area. So, the result was 

coincided with the current study. Moreover, Sein Moh Moh Paing (2019) found that Pb and Cd 

concentrations in study fish were exceeded than the maximum permissible limits in all seasons.  
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In the rainy season, Pb concentrtions in the muscle tissue of Channa striata (Nga Yant) 

were observed slightly than these of hot season and cold season in Hinthada Township (Aye Aye 

Mu, 2011). In the present results, the highest concentrations Lead and Cadmium in fish species 

(Wallgo attu and Cirrhinus mrigala) in hot season were found over the WHO/FAO maximum 

permissible limits. Cadmium concentration in Wallago attu was not detected in cold season 

during the study period. 

Arsenic concentrations in Wallago attu were not found in all seasons although this metal 

concentration in Cirrhinus mrigala was observed in hot and rainy season. However, the 

concentrations of arsenic did not exceed the maximum permissible limits during study period. 

According to the Aye Aye Mu (2011), arsenic concentration in muscle tissue of Lates calcarifer 

were over in hot˃rainy˃cold season and Channa striata was high on rainy˃hot˃cold season. 

Chun et al. (2018) highlighted that arsenic concentration in the muscle tissue of their study fish 

were high in monsoon season. Sein Moh Moh Paing (2019) reported that arsenic concentration in 

all study fish species were exceeds the maximum permissible limits and guide line limit of 

WHO/FAO within the study period. 

Regarding mercury concentrations, Khin Myint Mar (2011) reported levels exceeding the 

WHO(1990) maximum permissible limit in omnivorous and carnivorous fish species. In the 

present result, mercury contents in fish species carnivore (Wallago attu ) and herbivore 

(Cirrhinus mrigala) were observed within the maximum permissible limits in hot season. 

Mercury concentration in studied fish species was not found in remaining seasons (cold and 

rainy).  

Herbivorous fish species exhibit distinct patterns in heavy metal concentrations, with 

analyses revealing elevated levels of Pb and Cd Cho Cho Thin (2017) observed that lead 

concentration of Labeo rohita in rainy season in Ayeyarwady River segment of Salay environ 

was higher than the recommended maximum permissible limit of WHO/FAO, which is not 

coincided with the present findings as well. This suggested the potential contamination in their 

aquatic habitats, emphasizing their susceptibility to direct uptake of contaminants from polluted 

water and sediments due to their reliance on primary producers. 

Karadede et al. (2004) reported that carnivorous fish, which mainly eat fingerlings, 

shrimp and zooplankton, are known to be active swimmers. These activities are known to 

accumulate high levels of heavy metals in the body. In contrast, carnivorous fish species, 

characterized by their dietary habits of preying on smaller organisms, display higher 

concentrations of Cd and Pb.  This indicates the potential biomagnification of these heavy metals 

through the food chain, highlighting the role of predators in accumulating contaminants from 

lower trophic levels. 

Herbivores may serve as indicators of direct contamination from mining effluents, while 

carnivores may reflect the biomagnification of contaminants through the food web. The presence 

of elevated concentrations of Pb and Cd in herbivores, along with increased levels of Cd and Pb 

in carnivores, emphasizes the importance of understanding the intricate pathways of heavy metal 

transfer in aquatic ecosystems affected by gold mining activities.  

In the present results, lead concentrations of water were found to be higher than the 

maximum permissible limit (0.05 mg/L) in hot season. The remaining season (rainy and cold) 

within the WHO/FAO limit. The concentration of cadmium in water was exceeds the limits of 

(0.01mg/L) during rainy and hot season. Arsenic and mercury contents in water were observed to 

be lower than the maximum permissible limits recommended by WHO/FAO in hot and rainy 

seasons. Mercury concentrations in water was not detected in rainy and cold season. The 

obtained results of all metal concentrations (Pb, Cd, As and Hg) from sediment during the study 

period were observed to be lower than the U.S. Environmental Protection Agency (EPA). In the 

current study, the highest concentrations of heavy metals may originate from small scale gold 

mining and agricultural activities. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4814144/#b22-tlsr-25-2-21
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The seasonal variations of heavy metals in fish, water, and sediment further highlight the 

dynamic nature of contamination in response to gold mining impacts. This study indicates that 

the species is safe for human consumption. Although heavy metal concentrations of water over 

the WHO/FAO maximum permissible limits, heavy metals contents in sediment within the U.S. 

Environmental Protection Agency (EPA). Therefore, a regular monitoring of heavy metals level 

in fish, water and sediment in the study area is necessary. 
  

Conclusion 
In the current study, heavy metals concentrations in studied fish species were found to be 

lower than the maximum permissible limit. Base on the results, it can be concluded that the 

consuming the studied fish species is safe. However, heavy metals concentrations in water 

exceed the maximum permissible limits and heavy metals contents in sediment within the U.S. 

EPA guidelines. Therefore, regular monitoring of heavy metal levels in both fish and their 

surroundings, including water and sediment. 
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